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Abstract. A one-dimensional mathematical model, which permits semi-empirical prediction of the overall performance
of a direct methanol gas telephone (DMFC) has exceptional temperatures for a proton change membrane by using the
usage of parameters acquired from the classical characterization techniques is presented. The strategies conventionally
used are characterised as follows: the impedance spectroscopy (proton conductivity), water absorption (water
absorption), the perevaporation (methanol permeability and water) and gasoline permeation experiments (permeability
to oxygen, nitrogen and carbon dioxide). This mannequin was once validated experimentally the use of the outcomes
got with membranes Poly (vinylidene fl uoride-hexa fluorine opropylene) (PVdF-HFP) / Nafion ionomer / aluminum
oxy hydroxide organized through segment inversion method [1]. The mannequin precisely anticipated the polarization
curves and DMFC overall performance in phrases of open circuit voltage and the cutting-edge density, the attention of
methanol and water in accordance to the residences of the membrane effectively. This information affirm that the
simulator can effectively predict the DMFC performance, the usage of the basic characterization statistics as mannequin
enters parameters.

Keywords. Passive direct methanol fuel cell, modeling, methanol crossover, water crossover.
1. Introduction

The largest assignment of the twenty first century is to furnish smooth strength barring affecting the environment.
The technological know-how of gas cells is recognised to be one of the key applied sciences in the power provide for
stationary functions (eg, electricity flowers blocks) and cellular functions (eg, vehicles, laptops and mobilephone
phones) due to the fact of its benefits such as no exclusive surroundings to work properly (other than a warmness sink)
and its excessive efficacy each electric powered and bodily (without sound and with some distance much less air
pollution harmful) [2]. Recently, the direct methanol gas phone (DMFC) is recognized as an choice electricity generator
for transportation and transportable functions due to the fact it is such a compact plan and simplified system, it has no
gas processing unit (reforming) and storage. The electrode / membrane (MEA) greatly affects the performance of fuel
cells. Note that the phenomena that Inhibit the proper functioning of the cell membrane repositioning. The DMFC has a
variety of parameters that affect the overall performance. These parameters are as follows: concentration of methanol,
the operating temperature, the flow rate of methanol and the thickness of the membrane. By optimizing the parameters,
high efficiency of DMFC can be achieved while maintaining the methanol crossover and the cross flow will be low [1-
3]. The characteristics obtained for a membrane to be used as inputs into a mathematical mannequin to predict the
overall performance of corresponding DMFC. So as an alternative of having solely a qualitative prediction of DMFC
overall performance based totally on experimental consequences of the research, this kind of mannequin have to permit
a quantitative prediction. However, most of the researches on modeling the DMFC have been worn on the Nafion®
using many parameters literature [4-5]. This work focuses on the improvement of a semi-empirical mathematical
mannequin to predict the overall performance of DMFC the use of incoming bought with the aid of characterization
strategies such as impedance spectroscope and pervaporation. A defined change in the performance of DMFC was
quantified using this membrane with different temperatures. The impact of methanol awareness on the internet water
transport coefficient used to be experimentally studied with the aid of Jewett et al. [31, 32] Abdelkareem et al. [26]
Zhao et al. [8], Song et al. [4] and Xu et al. [25]. Therefore, the improvement of a mathematical mannequin to predict
the DMFC overall performance at regular nation imply the simulation of a broad range of residences of the bodily /
chemical membrane. In summary, the motive of this finds out about in the context of growing a simulator that can
successfully limit our efforts to perceive the fantastic working prerequisites for this telephone [6-5].

2. Mathematical model

So far, the mathematical fashions developed for DMFC gas cells have in fact carried on the running prerequisites of
gasoline cells the usage of perfluorinated PEM membranes [7]. Unfortunately, these fashions use records from the
literature, which are commonly not possible to reproduce with the aid of membrane improvement lookup agencies and
in many cases, these parameters characterize the houses of the membranes beneath development, accordingly limiting
the success of models. To grant a beneficial device for predicting the overall performance of DMFC for a sure subject,
our work provides a unique semi-empirical mathematical mannequin for PEM DMFC the use of the homes acquired
from the effects of classical characterization [2]. This mannequin is developed which is one-dimensional steady-state,
comprising the multilayer shape of the MEA (Fig. 1), taking into account the multi-component service (CH30H, H20)
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and certain electrochemical reactions. The mannequin makes use of information received from the following
characterization techniques mentioned in [8]:

Pervaporation experiments:

Permeability of methanol (1) and water (2), p™, p,* respectively.
Gas permeation experiments
Permeability of oxygen (3), carbon dioxide (4) and nitrogen (5), and P, P, , P, respectively.
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Figure 1. Schema DMFC illustrating the mass transport of species thru the membrane proton alternate gas telephone DMFC

A4

All the parameters regarding the species transported thru the electrodes and electrochemical reactions kinetics had
been taken from the literature (Table .1). The decision of diffusion equations in the layers of the anode and the cathode
and the membrane are discretized into one-dimensional the usage of the finite extent approach [9]. The overall
performance of experimental DMFC introduced in [1] was once used as the mannequin validation data. Transport of
methanol and water in the anode and the prediction of the polarization curves, the open circuit voltage is modeled.

2.1. The mass transport
A. Anode

Anodic reaction:
Oxidation of methanol: CH,0H + H,0 — CO, +6H " +6e”

The methanol transport approaches and water from the gas tank are described by:

N iDA -Q FACT (XiFA _ XiA) (]_)

Where Q™ the anode is volumetric flow rate, N ”*is the molar flow of species i in the anode diffusion layer, C_ is

the total concentration, X, is the mole fraction of species i at the inlet of the anode channel, x,* is the mole fraction of

species to the anode outlet channel. In the equations of the model, flows are regarded wonderful in the route from the
anode to the cathode. The mass transport for methanol (1) and water (2) in the diffusion layers and response (DA and
CA, respectively) Figurel, and considers each diffusion transport mechanisms by way of convection. In this model, it is
assumed that the convection time period is due to the transport of water, ie, the consumption of water at the anode
catalyst layer, and the permutation water via the membrane, [10, 11].

Therefore, the molar go with the flow charge of methanol and water via the diffusion layer and the anode catalyst
layer can be expressed as.

dx, I
DL'E“cTieri[L“JrNMj, i=12 @)

N =-A
6F 2

i cell =i dz
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Where A, the surface of the reaction zone, p <" is the effective diffusion coefficient of species i in the anode

layers (liquid phase), |

fraction of species i.
With regard to oxygen (3), carbon dioxide (4) and nitrogen (5) transport mechanisms in these areas are diffusion and

convection. However, for these species, the constant regular of Henry's Law H, is integrated in the convective term,

due to the fact it is assumed that the dissolved gasoline merchandise [12]. As a first approximation, the solubility of
species i in pure water was once used as the awareness of the methanol feed move is very low [1].

is the current density, F is the Faraday constant, Z is the axial coordinate and X, the mole

cell

dx, |
N, =—-A,,D"*"C d—x'+ prl(g—;:M NZN'], i=3,4,5 (3)
z

i cell i T
where piA is the partial pressure (strain) of species i in the anode.
p-« the effective diffusion coefficient of species i in the diffusion layers and the anode response can be derived
from the mass diffusion,, D" coefficient and porosity of the two layers D" and D", using the correction Bruggeman
[13, 14].

DiL‘e" =(&, )% DiL (4)

On the different hand, the consumption of water and methanol and formation of carbon dioxide additionally happens
in the anodic response layer. Therefore, in steady of the conditions state, the change in this molar flow of species i is
affected through the velocity of the anodic electrochemical response as follows:

dN CA
dz

v il124 Q)
F

1i

Where i, exchange local current in the anode and v, ; is the coefficient for a stoichiometric of species i at the

reaction 1 (Figure 1).
The concentration between interfaces(AFc/ADL)and( ADL/ACL) given our have assuming local equilibrium with

two coefficients K1 and K2, respectively.

0 x-x c*-kc pe j is methanol or water

J

10 x-x, c* =k cre j is methanol or water

B. Proton exchange membrane

As in the past mentioned, the butts of this work is the prediction of overall performance in the DMFC the use of
parameters such as proton conductivity, swelling and permeability coefficients got by way of conventional
characterization methods. [8]. As in traditional DMFC models, it is assumed that water and permeates methanol thru the
membrane due to the electro-osmotic drag (convective term, ensuing of the cell cutting-edge density) and the
concentration gradient of the species (diffusive term: resulting from the separate hydration nation of the membrane).

The species of electro-osmotic drift is assumed to be driven through the concentration gradient of [15] protons and
parameterized by means of the wide variety of water transport, and the proton conductivity (obtained by means of
impedance spectroscopy). The number of water transport is assumed to be the equal as that for Nafion® [16]. The
proton concentration gradient is set in the DMFC by means of steam and swelling as described in [15, 11]. Furthermore,
the diffusion time period is set via the permeability coefficient evaluated by means of pervaporation experiments [8]:
this parameter is an approximation of the hydraulic permeability of the membrane [11, 17]. Therefore, the transport of
water and methanol thru the membrane was expressed in the form:

RTk,, dx'. dxM
NiM = "Nirag i 72M e i P—— 1=12 (6)
F dz z

Noted R is a gas constant, T is temperature operating t, x is a fraction mole of species i by the membrane and xg{

is the fraction mole of protons in the membrane.

Regarding the transport by the oxygen, carbon dioxide and nitrogen through the membrane, it is also assumed each
mechanism of diffusion and convection. However, for these species, convection is superimposed by way of the float of
water in the membrane. In addition, as for the anode regions, it is assumed that the transport of these species through the
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membrane takes place as dissolved gases and therefore Henry's steady was once protected in the convection term. The
diffusion term is set the use of coefficients of permeability measured by way of gasoline permeation experiments:

M

N" =H,p"N;' - A PddL ,i=3,4,5 @)
z

cell * i

Using the parameters evaluated by using popular characterization strategies to simulate penetration of protons and
all different species, is an approximation, when you consider that the authentic values for DMFC operation rely on
running stipulations throughout the total MEA. In real operation of DMFC species awareness and protons in each
(anode and cathode) varies with the utilized load and, therefore, distinct prerequisites exist in mass switch as in contrast
to these in the traditional techniques of characterization such as impedance spectroscopy, pervaporation and gasoline
switching.

The concentration between interface(AcL/m )and(m /ccL) given oure have assuming local equilibrium with two

coefficient K3 and K4, respectively.

tox=x, cM=KcC j is methanol or water

]

tox-x, c& =Kk, j is methanol or water

C. Cathode

Reduction of oxygen: 0, +4H" +4e” — 2H,0

Oxidation of methanol: CH.OH +§02 €O, +2H.0

The oxygen transport process from the fuel tank and water are described as follows.

NiDC _ QFCCT (yti _ yc) (8)

Where Q™ is the volumetric rate flow at the cathode, N °°is the flow molar for the species i in the diffusion layer

cathode, yiFC is the mole fraction gas species i in a cathode, and in is the mole fraction gas species i in cathode outlet.

The Fick's diffusion approximation is used to represent the transportation of masses of all species in the gasoline
segment via the diffusion layers and the cathode response (DC and CC, respectively), as shown in Figure 1.

NI == AceIICT DlGVEﬁ % (9)
dz

Where p¢-" represents the species i's effective diffusion coefficient in the gas phase of the cathode layers.

By reducing oxygen and oxidizing the parasite methanol in the cathode reaction layer, species i is consumed and
created there. As a result, in steady state, the electrochemical reactions of the cathode in this case have the following
effects on the change in molar flow rates:

dN ¢
dz  C.A 6F(

T eell

(10)

Vaile + Vs ilmeon )

where j is the parasitic exchange current resulting from methanol's interaction with the cathode catalyst layer, i_

MeOH
the cathode's proton exchange density, N °° is the species i molar flow in the cathode catalyst layer.
Given is the concentration at interfaces(cpL/ccL)and (cFc/cpL) under the assumption of a two-coefficient

local equilibrium, K4 and K5, respectively.

tox=x, C{° =KL j is methanol or water

tox=x, C’=K,C™ j is methanol or water.
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2.2. Electrochemical Kinetics
A. anode

Butler-Volmer can be used to calculate the rate of the electrochemical reaction at the anode catalyst layer [10]. The
Tafel equation in terms of the concentration of methanol is simplified in this article.

(Z):iw{ ca, JeXp[ R:’7Aj (11)

is the proton exchange repository of the anode's methanol oxidation-induced current density, x** is the

where i, ..

mole fraction of methanol local, C** is the molar concentration of methanol repository, a, 1S the charge transfer ratio,

1ref
is overvoltage local anode and y, is the order of the chemical reaction for the oxidation of methanol in the anode.

The thickness of the catalyst layer is integrated across the local volumetric reaction rate. |, allows us to have the
overall current density 1"

cverall JC‘ (12)

0

During the operation of the DMFC, there will be a change in the local overvoltage (voltage drop) due to the losses
associated with the conduction of protons in the electrolyte and electrons in the solid phase. Consequently, the
following equation can be used to determine the overall voltage drop in the anode catalyst layer:

overall 1
A
|

fiA(Z)nA(z)dz (13)

Table 1 provides more specific details regarding the kinetic parameters that were employed.
B. Cathode

For both the oxygen reduction reaction and the methanol oxidation parasite, the electrochemical reactions at
the cathode are also modeled using the Tafel equation [10]:

(D)= [ v iﬁ”]yc . 14)

3,ref

(15)

z) )" F
J EXp( Puson Mmeon j

is the repository for proton exchange current density caused by the decrease in oxygen in the cathode,

IMeOH MeOH ref k

Where i

C,ref

pSe is the partial pressure of oxygen, p;., is the reference oxygen partial pressure, ¢ is the cathode's charge transfer

coefficient, 77, is the locally elevated cathodic voltage, y_ is how the chemical process for reducing oxygen in the

cathode occurs, i is the reference exchange current density of protons for the cathode side of methanol oxidation,

MeOH ,ref

C . Is the cathode's reference molar concentration of methanol, c ¢ is the amount of methanol in molar form at the

cathode, «,,..,, also known as the charge transfer coefficient, , . Does the side reaction cause the voltage loss,

Yweon 1S how the related chemical reaction will occur.

overall

the voltage dropped 7.

overall

Assessing the cathodic current density 1. Equations similar to equations (12) and

(13) were used to accomplish these calculatlons over the cathode catalyst layer. On the other hand, the application
| owrel of Faraday's law was used to assess the loss of the overall current density caused by the methanol oxidation

reaction in the cathode catalyst layer:

l overall _ N 6F (16)

MeOH
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Overvoltage loss associated with cross-methanol 72! was obtained using the Tafel equation to zero for the

reaction [17]:

overall __ RT ’— II?A\;EC;;:I } (17)

MeOH — = In I
aMeOH MeOH ,ref

is the reference current density for the cathode catalyst layer's methanol reaction.
2.3. Cell voltage

The battery voltage in an open circuit (OCV) produces the DMFC output voltage (OCV), U °, , anode assembly and

cell !
cathode over voltage protection, oxygen and methanol reactions, and ochmic loss caused by PEM resistance and contacts
between the plates, electrodes, and membrane. [10]. The proton conductivity of the membrane as determined by
impedance spectroscopy is used to calibrate the ohmic loss caused by PMEs. So, the following formula can be used to
calculate the cell voltage:

U 0 overall overall + overall dM | (18)

cell — 1A + 77(3 MeOH cell — Rconlact Icell
kM

U

cell —

where is the thickness of the proton exchange membrane and is the DMFC contact resistance.
Where R is the DMFC contact resistance, and d,, what is the proton exchange membrane thickness.

contact
The open circuit voltage was first estimated to be computed by subtracting the standard DMFC voltage (1.21V)
from the voltage loss brought on by the functioning of the open circuit under methanol binding circumstances. [5]. As a
result, we must anticipate the highest OCV value while utilizing a membrane with almost zero methanol permeability

poer@l ~ 0. Due to the voltmeter's non-idealities (usually 1_, <1mA/cm?), a current flow from the anode to the

cathode when the OCV (experimental measurements) is conducted). In a perfect world, measuring the open circuit
voltage would involve extending an infinite resistance. Although it is known that genuine voltmeters have a limited
resistance (R, >10M Q ), some current can still pass through them. Therefore, a membrane with a proton conductivity

very low may exhibit a substantial ohmic loss, which reduces the OCV's usefulness. Experimentally, this has frequently
been confirmed for membranes with significant inorganic alterations. To account for the ohmic drop caused by the use
of multilayer membranes with worse electrolyte characteristics, we used a current density 0.1mA /cm? of for open

circuit conditions (based on the experimental test with the applied voltage meter). For the DMFC running at open circuit,

surges of anodes and cathodes obtained from nzve’a” and 72", respectively, evaluated by the expression Butler-

Volmer rates, are negligible under the assumption of this current density. (Almost no reactions take place besides the
parasitic methanol oxidation in the cathode catalyst layer).

2.4. Cells efficiency

The permeability of the membrane to methanol has a significant impact on the DMFC's efficiency. Methanol is
permuted from the anode to the cathode through the PEM, which encourages methanol oxidation at the cathode and
results in a potential loss. Additionally, it causes the reagents to be lost, which lowers the yield of DMFC. Typically,
potentials and Faraday efficiency can be used to calculate DMFC efficiency [19]. The ratio of the current obtained from
processed fuel (anode) to the total amount of processed fuel (anode plus cathode) is known as the Faraday efficiency.
Consequently, the following equation provides it:

|
Me = Ioverallce”eI (19)

MeOH celle

On the other hand, the potential effectiveness is calculated using the following equation as the voltage of the DMFC
over the voltage of the standard cell due to the potential loss of assembly:

u ce
e = U ovel!lall (20)

cell

Finally, the following equation is used to determine the DMFC's 7, overall efficiency:

Mowre = e7TE (21)
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Table 1. Parameter values

Sanderman

Parameters Value References
U, 1.24 Vv [21]
Unon 0.03V [21]
SE /T -1.4x10"*(V /K) [22]
K 0.036 (S/cm) [21]
sM 0.018 (cm) [21]
shFC 5oFC 0.20 (cm) assumed
I 0.015 (cm) assumed
Sht, 5 0.0023 (cm) assumed
e, P 0.71 assumed
AC 0.81 assumed
ce 0.86 assumed
a 1000 (cm'l) [21]
oo 9.425x10 " exp((35570/R)(1/353-1/T)) (A/cm?) [22]
(P 4.222x107° exp((73200/R)(1/353-1/T)) (A/cm?) [22]
k 7.5x10™ [21]
Y 2.8x107° (mol/cm?) [21]
a, 0.52 [21]
a 1.55 [21]
K., 0.8 assumed
Ky s 1.25 assumed
Ky, 0.001 assumed
g*Fe 0.33 (cm®/s) Real value
qcFe 167 (em’ss) Real value
Neanates 15 Real value
L 5 (cm) Estimated
1 (atm) [23]
Taee 343 (K?) Real value
Terc 293 (K°) Real value
Do > g [(TH7 x5.8x10 ) /(27.772xP) | (em®/s) [25]
Df)f;'CFC [(T*7°x5.8x10*)/(27.772xP)|  (cm’/s) [25]
D& [(7.608><10’7xT)/(yH20x9.485)} (cm?/s) [25]
DS A Pl [(7.608x10” TVt % 9.485)} (cm® /) [25]
Do % [(TH°x5.8x10")/(33.904x P) | (cm®/s) [25]
Derlon 4.9x10°exp(2436x(1/333-1/T)) (cm”/s) [21]
DSfS [(6.295x10’7 T )1 ( e o x5.833)] (cm?/5s) [16]
D¢ ghonet [(6.295><10’7><T)/(yCH30H ><5.833)] (em?/s) [25]
Dyfcoce s [(TH7 x6.2x10™*)/ (25,523 P)|  (em®/s) [25]
D" 2.0x10° exp (2060 % (1/303-1/T)) (cm’/s) [25]
Semyon 2.5% Xey on [25]
ng 2.9exp(1029x(1/333-1/T)) (cmzls) [22]
KM 0.0043 (W/cm.K) [25]
K A0 1.95+6.57x10T (W/m.K) [25]
K o 1.71+2.96x107°T (W/m.K) [25]
K AC (1-£")x86.7+5"° (0.341+9.26x10™*) (W/m.K) [25]
K ce (1-2°)x71+5°(0.0034+7.60x107°) (W/m.K) [25]
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3. Results and discussion

Simple digital tools and original Pro.8 fortran.90 were used to swiftly apply the model created for the passive
DMFC power. Examples of model predictions are provided in this section. [21]. The parameters chosen to construct the
simulations are the same ones the authors employed in their experiments [21]. Similar to passive DMFC systems, the
temperature rises over time as a result of electrochemical processes, reducing the fuel cell yield. To show the effect of
the latter on the performance of DMFC temperature was varied within a limited range of 390 to 395 K°, K®is giving the
graph of current density vs. voltage for each given temperature. The following, we will discuss the results of written
fortran.90 software.

3.1. Methanol concentration curves

The methanol concentration profiles predicted through the anode and the membrane, are shown in Figure 2, when
the cell is supplied with a methanol solution 0.5 (M) of current densities 15, 35 et 55 (mA/cm?). Due to the fact that
methanol diffuses by natural convection during the analysis period, the concentration profile at the methanol reservoir
in the anode slightly drops near the interface with the diffusion layer (see equation (1)). Due to mass transfer diffusion,
methanol consumption in the catalyst layer, and methanol crossing through the membrane to the cathode side, the
concentration of methanol drops in the other layers.

AF AD AC M

0,5 1

0,015 (Alem?)
0,035 (Alcm?)

\ 0,055 (Alem?)

o
N
1

o
w
1

0,2 H

0,1 1

concentration de mé&hanol (mol/dcmg)

0,0

T T
0,20 0,21 0,22

X(cm)
Figure 2. shows the projected methanol concentration patterns for various current densities using a 0.5M methanol solution

The rate of recovery of methanol in the membrane decreases with increasing current density, as can be observed
from the plot of the concentration profile in which the membrane is depicted in this figure. As previously indicated,
when methanol crosses a membrane, it combines with oxygen on the cathode side, creating a mixture of potential and
an eddy current. The parasite known as current leaking current causes a fuel shortage. According to equation (24), the
methanol crossings can be represented in terms of a current leakage, which suggests a better understanding of the effect
of the methanol crossover's loss of efficiency.

As seen in Figure 3, the current of leakage increases with rising methanol concentration and falling current density,
which is to be expected. By operating the cell at concentrations lower than 0.44 (M) methanol and higher current
densities, the current that leaks and therefore methanol penetration can be decreased 15, 35 et 55 (mA/cm?) and it was
found that the results are enhanced and methanol crossover which is summarized in the methanol tank that permeate the
membrane and tends worm zero (negative value) for different values 0f0.015(mA/cm?) and0.035(mA/cm?) ,and in a very
clear way 0.055(mA/cm?) .

In Figure 4 and to more improve the results of the current density was increased to 0.065(mA/cm?), it is found that
the difference negligible. While the results are a preferred current density is much expected that as a value by
optimizing it the great value of 0.055(mA/cm?) which 0.065(mA/cm?), affects the transport of water and we will shout a
flood in the membrane as will see the following.

Figure 5 illustrates the model predictions for the propagation coefficient of pure water dependent on the current
intensity for various methanol concentrations. The concentration of methanol has a significant impact on the crossing of
water, as shown by the locations (values of). It should be emphasized that positive values represent net water flow
between the anode to the cathode, whilst negative values represent net flux generated on the opposite side.

Figure 5 for all tested methanol concentration values 0.20(M), 0.30(M), 0.40(M), 0.50(M) 0.60(M). Although lower
readings being produced by utilizing high methanol concentrations, values are positive.
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AF AD AC M
0,5
—— 0,015 (A/em’)
- 0,015 (A/em’)
“e 04 — 0,015 (A/em)
S
©
£
S 034 \
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e
3] ]
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]
2 024
S
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=
[}
2 0,1
o
o
0,0 T T
0,20 0,21 0,22
X(cm)

Figure 3. Using a 0.44 M methanol solution, projected profile of methanol concentration inside the cell for various current densities

AF AD AC M

0,5 2
—— 0,065 (A/cm®)

0,4 1

0,3 1

0,2

0,14

concentration de mé&hanol (mol/dcm3)

0,0 T T T T T T T T T T
0,195 0,200 0,205 0,210 0,215 0,220 0,225

X(cm)
Figure 4. anticipated profiles of the cell's methanol concentration at a certain current density and 0.44 M methanol solution

90
—0,2(M)
0,3 (M)
2 —0,4 (M)
2 0,5 (M)
3 —— 0,6 (M)
£ 60
3
g
g
2 304
2
]
£
(5]
3
0 T T
0,00 0,03 0,06

densitéde courant (A/cmz)
Figure 5. The model predictions for the transport coefficient of pure water at different concentrations of methanol

This can be explained by the fact that larger water concentrations on the side of the anode result from lower
methanol feed concentrations. Water is largely carried to the cathode because there is a bigger difference in water
content between the anode and cathode sides. Water is generated on the cathode side with concentrations above this side,
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while smaller quantities of water are put in on the anode side at higher methanol concentrations. In this instance, the
anode to cathode water transfer is still dominating (positive), However, because the gradient in water concentration is
lower, less water is moved from the anode region to the opposite side of the cathode that corresponds to lesser values. It
follows that the values are significantly influenced by the methanol content.

The model described in this article correctly predicts the trends of the impact of the concentration of methanol on
the net water transportation coefficient. These trends are in line with what the authors have suggested.

3.2. Polarization curves

The temperature strongly affects the yield of the fuel cell. Figures-6-7-8-9-show the effect of this temperature on a
DMFC using a composite membrane MEAs made from Poly (vinylidene fl uoride-hexa fluorine opropylene) (PVdF-
HFP) / Nafion ionomer / oxy aluminum hydroxide, and concentrations (0.5 (M), 1(M), 1.5 (M), 2(M)) of methanol at
various temperatures of 323 (K?), 333 (K?), 343 (K°), 353 (K®). The increase in temperature due to the chemical kinetics
of the reactants of the fuel cell showed a significant increase in overall performance.

Figure 6 shows the polarization curve of a polyacrylamide membrane (vinylidene fl uoride-hexa fluorine opropylene)
(PVdF-HFP) / Nafion ionomer / aluminum oxy hydroxide with 0.5 (M) of methanol and also with increasing
temperatures. Although performance is improved more and showed similar results. Figures 7-9 show that as the
operating temperature increases, it increases the methanol reactions with higher concentrations. This implies that the
methanol crossover is more important at higher methanol concentrations and temperature. The increase in temperature
allows more than protonation in the catalyst which increases performance, but at the same time allows a greater chance
of having methanol crossover (Jung et al.) [15], these results show that there is a more consistent performance when the
fuel cell's operating temperature and the methanol content are in equilibrium.

—— 323 (K"
333 (K"
04 —— 343 (K%)
353 (K
S
E
S
AT
0'0 T T T T
0,00 0,02 0,04 0,06

densitéde courant (mA/cmZ)
Figure 6. Different operating temperatures to methanol concentration 0.5 mol

——323 (K°)

333 (K9

——343 (K%
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4. Conclusions

In this research, a steady state, a single-dimensional multi-component, and thermal model is provided in an effort to
comprehend the operation of a passive DMFC and the important parameters on its performance as well as to create an
efficient passive DMFC system.

The model predicts the effect of the operating conditions (such as methanol concentration and fuel cell temperature)
and current density on the fuel cell performance and on water and methanol crossover

We conclude that in a range of and we will have the best conditions for the ideal function of a fuel cell-type DMFC.

For a value of we can prevent the appearance of methanol crossover phenomenon that breaks most of time of
function the leakage current and decreases the ideal performance of DMFC.

Considering that the largest concentration of methanol decrease allows to have the flooding of the membrane
which hinders the transmission of protons and consequently it leads to poor DMFC performance that’s why we can
consider that the value of is the most correct value that can be taken into consideration

As it has been seen in the sections before, net water transport coefficient increases with the decrease of the
concentration of methanol, and so that remains a positive value that is to say, the water will be transported from the
anode to the cathode, we defined the range of this value as the following where we consider that is limited in this range.

The increase of temperature means that the concentration of methanol is very high. While this temperature allows
the smooth function of DMFC when it vaporizes water i.e it decreases the alpha value and on the other hand with the
existence of a higher methanol consultation we will have the emergence of cross-over phenomenon again. Thus, we
have to set the interval of this temperature in which DMFC can have the greatest efficiency without cross-over of
methanol and for

The current simulator will be applied to study and create membranes. In addition, future research will focus on a
thorough analysis of the PEM's characteristics for use in DMFCs, taking consideration the connection between water's
permeability and diffusion, as well as the temperature of the cathode's (catalyst layer) side.
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cell
cond
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Rtotal
T

U CH30H
Uo,
Vcell
XCH30H
X

Greek letters

M
TMXRI O SRR/ D>

Sanderman

-’ Publishing House

Surface area of the anode, (cm™1)
Active surface, (cm?)

Total area without holes, (cm?)

Total area of the holes, (cm?)

Concentration, (mol/cm?)

AFC / ADL interface concentration, (mol/cm?)
ADL / LCD interface concentration, (mol/cm?)
LCD / M interface concentration, (mol/cm?)

M / CCL interface concentration, (mol/cm?)
CCL / CDL interface concentration, (mol/cm?)
CDL / CFC interface concentration, (mol/cm?)
Oxygen reference concentration, (mol/cm3)
Specific heat capacity, (J/mol.K)

Rate of change of the electromotive power, (V/K)
Diffusion coefficient, (cm?/s)

Effective diffusion coefficient, (cm?/s)
Potential thermodynamic equilibrium, (V)
Faraday's constant, 96500(C /mol)

The Gibbs free energy, (J/mol)

Acceleration of gravity, (cm?/s)

Enthalpie de réction, (J /mol)

Mass transfer coefficient, (cm/s)

Heat transfer coefficient, (W /cm?K)

Current density of the cell, (4/cm?)

Leakage current density due to methanol crossover, (4/cm?)

Exchange current density of methanol, (4/cm?)

Exchange current density of oxygen, (4/cm?)

Volumetric current density, (4/cm3)

Rate expression constant, (Eq. (27))

Partition coefficients

Thermal conductivity, (W /cm?K)

Length of the active surface, (cm)

Electroosmotic drag coefficient of water

Molar flow, (mol/cm?.s)

The pressure of the air in the cathode, (atm)

Gas constant,8.314 (J/mol.K)

Internal resistance of the fuel cell, (cm?/S)

Conduction resistance, (K/W)

Convection resistance, (K/W)

Total thermal resistance, (K /W)

Temperature, (K)

Potential for thermodynamic equilibrium of the oxidation of methanol, (V)
Potential for thermodynamic equilibrium of the oxidation of oxygen, (V)
Cell voltage, (V)

Mole fraction of methanol,

Coordinate direction normal to the anode, (c¢cm)

Variation

Transport coefficient of the net water

Anodic transfer coefficient

Cathodic transfer coefficient

Thick, (cm)

Porosity
Overvoltage, (V)
The ionic conductivity of the membrane, (S/cm)
Constant in the expression rate (Eq. (27)), (mol/cm?)
Dynamic viscosity, (g/cm.s)
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A

C
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