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ABSTRACT

The depletion in petroleum resources and environmental concerns has lead to a
movement towards an environmentally friendlier and more efficient power production
sources for a more stable world. Fuel cell technologies, especially Direct Methanol Fuel
Cell (DMFC) is considered as highly promising and environmental friendly alternative
energy source for different applications. This study is concerned with an investigation of
effects of temperature, pressure and concentration on the DMFC performance using a
mathematical model and simulation of the developed model with a computer
programme (JAVA).The results obtained reveals that the cell voltage decreased by
approximately 0.0001volts as the temperature was increased by 10K and the current
density also increases significantly, and the cell voltage increased by approximately
0.001volts as the pressure was increased by 1bar. Also increase in concentration by
0.5M results in reduction of output voltage by 0.0001volts at different current densities.
The results obtained from the simulation of the model equation also reveals that
increment in operating temperature by 10K leads to about 20KJ increase in the heat
generated by the system and change in operating pressure and concentration of the
cell has no observable influence on the heat generated by the cell. It can be inferred
from the simulated results that the cell performance and efficiency are reduced by
increase in temperature and concentration, while an increment in pressure improves
the cell performance. Temperature has observable influence on the heat generated by
the fuel cell but pressure and concentration have no effect. Hence, the result of the of
the numerical simulation clarifies the influence of the operating conditions on the
performance and efficiency of DMFC

759



1. INTRODUCTION

Fossil fuel is the world’s most popular energy source and it is presently becoming
scarcer due to overdependence on it as a source of energy for both industrial and
domestic consumption. Apart from over dependence on fossil fuel, world’s energy
reserve are also limited, the situation that led to energy crisis and price instability
(Abdulkareem et al, 2012). Apart from the problems of fossil fuel highlighted above,
health, political and environmental issues are also major factors contributing to energy
crisis with environmental impacts of fossil as a major concern (Yilanci et al., 2008). For
instance burning of fossil fuel products for energy generation releases toxic waste that
pollutes the air. Hence the products of combustion of fossil fuels contribute immensely
to climate change (Davis, 2000). Energy crisis is now going from bad to worse
especially in developing countries where there is no action plan to fight the problem of
overdependence on the fossil fuel (Abdulkareem et al., 2012).Series of efforts have
been put in place by researchers and government agencies to prevent future damage
of environment as a result of over dependence on fossil fuel for energy generation,
these efforts led to development of ecologically friendly methods of generating energy
(Yilanci et al., 2008). These methods include tidal, hydrodynamic, wind, solar and
geothermal, though these alternative methods of energy production is environmentally
friendly, however the quantities of energy generated by these methods are small to
meet up with the energy demand and also need specific environment to performed
effectively. The recent research and development in the area of alternative energy is
focusing on the development of alternative energy that can compete well with the
existing energy in terms of availability and burning efficiency. In this respect, fuel cell
technology is considered as the perfect way to energy sources that can compete well
with the fossil fuels in terms of availability and efficiency without producing any
pollutants (Abdulkareem, 2010). Presently, proton exchange membrane fuel cell
(PEMFC), Direct methanol fuel cell (DMFC), Solid oxide fuel cell (SOFC), Alkali fuel cell
(AFC), Phosphoric oxide fuel cell (POFC) and Solid oxide fuel cell (SOFC) are the
commercially available fuel cell. The focus of this study is on the development of
theoretical mathematical modeling for direct methanol fuel cell (Hansan et al., 2006;
Nice and Strickland, 2011).

Direct methanol fuel cell (DMFC) is a class of fuel cell that utilizes proton exchange
membrane as electrolyte with methanol as the fuel. Higher energy densities of DMFC
gives it advantages over batteries for portable applications. The drawbacks of DMFC
are the crossover of fuel and oxidation of the fuel at the anode side (Dohle et al., 2002;
Kulikovsky, 2003; Sandhu et al, 2005; Chen et al, 2006). Despite the advantages of
fuel cell as a perfect alternative energy source, the technology is not commercially
available due to lack of understanding of the interaction of various parameters and how
it affects the performance of the cell. In this study, the development of a predictive
model and computer simulation of direct methanol fuel cell will be reported. The
developed model will be use to study the effect of various parameters such as
concentration of fuel (methanol), operating temperature and operating pressure of the
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fuel cell. The model will also be used to simulate the influence of these parameters on
the heat generated from the cell and efficiency of the fuel cells based on the operating
conditions. ...

2. CONCEPTUALIZATION OF THE MODELING TECHNIQUE

Direct Methanol Fuel Cell (DMFC) which is described as a device that converts
chemical energy into electrical energy is a promising power source that depends on the
membrane and the electro-catalyst (Ge and Liu, 2005; Thomassin et al, 2006; Hansan
et al., 2006). The major problems of the DMFC is the methanol cross over which
depresses cathode performance and reduce the fuel efficiency, this problem can be
solve through development of new catalyst (Afolabi et al, 2012). Also affecting the
performance and commercial availability of DMFC is the lack of proper understanding
of influence of operating parameters on the cell performance. Hence, the need to study
the contributing effects of operating parameters on the cell performance through
mathematical model which is the focus of this study. In this study, the effects of
different parameters such as pressure, temperature and fuel concentration on the
performance of DMFC will be investigated through the simulation of mathematical
models. The following assumptions were made during conceptualization of the model:
1. The heat loss in the system is by radiation, natural convection and forced convection.
2. The enthalpy calculation for each inputs and outputs of the cell was based on the
standard temperature of 298K.

3. Activation, ohmic and concentration losses were encountered in the cell.

4. The outlet temperature of both the fuel and oxidant is equal to that of the cell stack.
5. Net heat is assumed equal to heat accumulation.

2.1 ELECTROCHEMICAL MODEL

Activation polarization is a product of the energy activity in fuel cell which involves the
formation and breaking of bonds at the electrodes is shown in Equations 1-3. During
the electro chemical reaction of direct methanol fuel cells (Equations1-3), heat, water
and electricity are generated (Shukla et al, 2002)

Anode: CH30H+ H,O— 6H" +6e”~ + CO, (oxidation reaction). 1
Cathode: 3/20, + 6H" + 6e — 3H,O(reduction reaction). 2
Overall reaction: CH3OH + 3/20, = 2H,0O + COy(redox reaction) + Heat 3
The total net output voltage from the fuel cell is (Abdulkareem et al., 2013)

V(I) = Vriev = Virrev 4

where V., reversible cell voltage, Vi, over potential that occurred in the cell.

The reversible cell voltage for a DMFC is ideally described by the Nernst equation as
follows (Yilanci et al., 2008):

Vrew = Eo + = {(IN(PCH;OH)+3/2In(PO2)—~(2In(PH,0)+In(PCO> )} 5
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Equation 5 can be rewritten as:

RT PCH30H*(P03)'5
Vew = Eo + o In{ 270y 6
where;
Pcrson =Partial pressure of methanol available at the anode (bar).
Pu2o =Partial pressure of water at the cathode which is 1 when liquid water is produced
(bar).
Po2 =Partial pressure of oxygen at the cathode (bar).
R =Universal gas constant (8.314 J/mol K).
Eo =potential of the methanol and oxygen reaction (volts).
F =Faraday’s constant (94,485 c/mol).

n = number of electrons.

AG
EO — XN 7
nr

where AG, =energy of the reaction(joules).

Irreversible voltage loss consists of the activation over potential or loss, ohmic over
potential or loss and concentration or diffusion over potential or loss. Irreversible
voltage can be expressed as:

Virrev = Vact + Veone + Vohmic 8
where;

Vact =Activation over potential or loss (volts).

Veonc =Concentration over potential or loss (volts).

Vonhmic =0hmic over potential or loss (volts).

Activation loss which occurs at both the anode and the cathode, it is related by the
Bolter-Volmer as shown in Equation 9 (Munoz de Escalona et al., 2011):

_ RT i RT i
Vaor= nFag In (;) + nFac ]Tl(z ) °
where; i=current density.

The term current density (i) in Equation 9 can be evaluated using the relationship
shown in Equation 10 (Sousa et al., 2010):

ag nF —0¢c nF

i =liyg exp( o (Ep — Eeq)) - iocexp( o (Ep — Eeq)) 10

The anode and cathode current density can be evaluated from the relationship shown
in Equations 11 and 12 respectively (Sousa et al., 2010):

agnF

ig = l,q €Xp[ o7 (Eo — E¢q) 11
o F
i. = iycexp[— a;: (Eo — Eeq)] 12

where;

as =anodic transfer coefficient in the cell.

a. =cathodic transfer coefficient in the cell.

i.a and ioc = exchange current density at the anode and cathode respectively (A/cm?)
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Ohmic loss (Vonmic) occurs due to electrical losses in the cell. Miansari et al (2009)
suggested that ohmic loss can be evaluated from the relationship shown in Equation 13

Vonmic =V €xp (.8 (L - ) ) [Rinternal 13

Trc Tref
where,y = constant coefficient at the fuel cell(0.2 ohms),f = constant coefficient at the
fuel cell(-2870K), R™®™ = internal resistance of the cell, Trc= cell operating

temperature, Ts =reference temperature of the fuel cell.

Similarly, concentration losses occur, which is the consequence of mass transfer of
reactants and products resistance through the porous electrode can be evaluated from
relationship shown in Equation 14 (Brouwer et al., 2006).

RT .
Veone :n_F-In(l_l/]l) 14
Where,
J1 = 2.F.Ky.Cpyn 15

ji = limiting current density(A/cm?), Ky =mass transfer coefficient; Cx, = concentration
at the reactant (mol/cm?3).

Substituting Equations 6, 9, 13 and 14 into Equation 4 yield;
RT | i — . .

Vi = Eo + - In{( G ). G )% [ 1= icorany/J0)-Phao/ (Ponyon- PEEVNY XL B () =

1
(Tef)] 16
Equation 16 is the predictive model for the voltage output from DMFC as a function of
operating parameters such as operating temperature, anodic pressure, cathodic
pressure and concentration of the fuel (methanol).

2.2 MASS BALANCE OF THE DMFC

CH30H (Unreacted)

—
CH;0H — — O3 (Unreacted)
——»CO,
O —»

—— H0

Fig1: Schematic of material flow in DMFC.

Figure 1 represents the flow of the fuel (methanol), oxidant (oxygen) and products of
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electro chemical reaction in and out of the cell. The mass balance of the cell has to be
considered for proper account of the masses of the reactants in and out of the system
based on Faraday’s law (Dincer et al., 2008).

Input = output + accumulation 17
McH,0H,in = McHy0H react T McH,0H, 0ut 18
Mo, in = Mo, react + Mo, sue 19

where mcy, on,in @nd my, i, = mass flow rates of methanol and oxygen into the system
respectively, mcy.onour @nd mep, = mass flow rates of methanol and oxygen leaving

the cell (unreacted methanol and oxygen) . Some basic principles of electrochemistry
will be used to calculate the rate at which methanol and oxygen reacted in the
cell, Mey,on,reace and Mo, reqcr » @nd also the rate of production of water and CO; that

IS, My, 0,0utr @Nd m¢o, Which are functions of current density and Faraday’s constant.
The rate of consumption of methanol is given as (Yilanci et al., 2008):

— lAFc -3
McH;0H, react = CAMCH30H R 10 20

Similarly, the reaction of oxygen occurs at the cathode, therefore the rate of
consumption of oxygen is given as (Yilanci et al.,2008):

iA
Mo, react = {CMOZ *

FC + 1073 21
nr

where, {, and {. stands for the anode and cathode stoichiometry respectively, M¢y,on
and M, are the molecular weight of methanol and oxygen respectively, i is the current

density, A is the area of the fuel cell, n is number of moles and F is Faraday’s constant
(Yilanci et al.,2008).

Dincer et al (2008) shows that the rate of production of water from electro chemical
reaction at the anode and cathode is:

tArc 4 103 22
nF

My, 0,0ut = Mu,o *

Similarly the rate of production of CO, from electro chemical reaction which occurs at
the anode is;

_ iAFC -3
Meo, = Mco, * — 10 23

where, My,, and M, are the molecular weights of water and co, respectively.

From Equations 18 and 19, the rate of methanol and oxygen leaving the system
unreacted can be evaluated as follows:

since , Mcy,oH,in = McH;0H,react + McH;0H,0ut

Therefore,
Mch,0H,0ut = McH;0H,in — MCcH;0H,react 24
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_ iApc -3
McuzoH,0ut = Menzon,in ~ SaMcngon * — - * 10 25

Also since, my, in = Mo, react + Mo, 4y

Therefore,
Mo, sue = Moy,in =~ Moy react 26
Mo, yue = Moyin — (Cl‘/[o2 * F * 10 57

2.3 ENERGY BALANCE OF DMFC

Qloss > Qelectricity

T

Qmethanol —_—Pp [ QOz

EEEEE— QCH3 OH(unreacted)

QCOZ ¢ ’ Qoz(unreacted)

Q heat of reaction

Fig 2: Schematic of heat (energy) flow in DMFC.

The energy balance of the fuel cell can be said to be the inflow of heat of the reactants
entering the system which is equal to the outflow of heat of the products leaving the
system and accumulation that occurred within the system, which can be represented
mathematically as:

Energy input — Energy output — Accumulation = 0 28

Qinput - Qoutput - Qnet =0 29

From assumption number 5 i.e. heat accumulation is assumed equal to the net heat
generated by the cell i.e.

Qnet = Qaccumulation
Qnet = Qinput - Qoutput 30

Qinput = Qmethanol + Qoxygen 31
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Qoutput = Qcoz + Qloss + Qmethanol(unreacted) + QHZO + Qoz(unreacted) + Qreaction 32

Qloss = Qconvection + Qradiation 33

Qconvection = Qnatural convection + Qforced convection 34

Substitute Equation 34 into Equation 33 to obtain;

Qioss = Qnc + Qrc + Qraa 35
Qnc = hncA(Tr — Tp) 36
QFC = Mcoolant Cp,air (Tcoolant,out - TO) 37
Qraa = SO—A(T;"L - T(;}) 38

where; A =heat transfer area of the fuel cell in cm? h,. = natural convective heat
transfer coefficient(W/m?K) ,To -ambient temperature (assumed to be 298K), Mcooiant =
coolant air flow rate, Tcoolantout =0OUtlet temperature of the coolant air leaving the fuel cell
stack in kelvin,e = surface emissivity, which is the fraction of radiated energy emitted(0
< £ < 1), o is Stefan-Boltzmann constant(5.67x10® W/m?K*) (Yilanci et al.,2008).

— Tf
Qmethanol = Mynethanol,in fTin deT 39
Qo, =m,, . [1F C,dT 40
02 02,in JTy, P
_ J‘ToutC dT 41
Qco, = Mco, T P
Qelectricity =VIT 42
_ J‘Tout C.dT 43
Qmethanol(unreacted) = Mumethanol,out T 14
= [roue C dT 44
QHZO,out - mHZO,out T 14
Q =mg, [r°%C, dT 45
Ozunreacted 02z,0ut Tr 14

Since, Qnet = Qinput - Qoutput’ then

Qnet = Qmethanol,in + QOz,in - (Qcoz + Qloss + Qelectricity + Qmethanol(out) + QHZO,out +
+Qreacti0n) 46

Substituting Q55 and Qeiectricity » iNto Equation 46 to obtain;
Qnet = Qmethanol,in + QOz,in - ( Qcoz + hncA(TF - TO) + Meootant Cp,air (Tcoolant,out -
TO) + gO_A(TIf"L - T(;L) + VIT + Qmethanol(out) + QHZO,out + Qoz(out) + Qreaction.) 47
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Abdulkareem et al (2013) suggest that for a mechanically reversible and closed
processes system Q = AH, which is the molar or specific enthalpy of a system.
Equation 47 can therefore write in terms of AH;

Qnet AHmethanol in + AHOZ in (AHCOZ + hncA(TF - TO) + Mcoolant Cp,air (Tcoolant,out -
TO) + SO-A(TF TO) + VIT + AI—Imethanol(out) + AHHZO,out + AHOZ(out) + AHreaction.) 48

To = reference temperature which is 298K (25°C),Tr =operating temperature of the
cell. AH = mR f:;%”dT =m fTT; CpdT , to evaluate the equation of the integral, the

knowledge of the temperature dependence of the heat capacity is required. This is
given by the following empirical equation shown in Equation 49 (Smith et al., 2005):

%=a+ﬂT+yT2 or Cp =a+ BT +yT? 49

where a, f and y are constants characteristics of a particular substance.
The enthalpy of the material in and out of the direct methanol fuel can be evaluated as
shown below.

2.3.1 ENTHALPY OF METHANOL

Methanol is inputted into the system at temperature 298K which is also the reference
temperature and it being heated to a temperature, Tr which is the fuel cell temperature.
Therefore the heat of formation of methanol at 298K will be considered in computing
the enthalpy.

AHmethomol in = Mmethanol,in f298 deT 50

T
AHmethanol,in = mmethanol,in [AH fmethanol,298k + fzgg(a + IBT + VTZ + 5T3) ]
51

Integrate Equation 51 to obtain;
-2982)

T?
AHmel:hanolm - mmethanol in [AH fmethanol,298k + (a(T 298) + ,B(
3_ 3 4_ 4
V(T 298 )+ (T*-298 )}] 52

3

+

Similarly, the enthalpy of methanol out or unreacted, AHp,ethanoiout). Which is the heat

of methanol leaving the cell unreacted. Since the methanol leaves the cell at the
temperature of the fuel cell, it can be calculated as thus:

AHmethanol(out) = AHmethanol,in - AHmethomol,react 53

-2982)

T?
AHmethanol(out) = Mpmethanolin [AH fmethanol,298k + { a(T 298) + .3( +
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(T3-298%)

T*-298% iA
+ 6( 4 )}] — CaMcuyon * —rex 10 [AHOfmethanol,zgsk + { a(T —298) +
(12-2982) = (T3-2983)

pi= e 2 4] 54

Rearrange Equation 54 to obtain;

A
AI-Imethanol(out) = Mynethanolin — ZAMCH::,OH * ln% *10 [AHOfmethanol,Z%k +
2 3_99g3
{a(r- 298)+[3(T —29%) 4, @ - )4
s (T4—2984)}] 5c
4

2.3.2 ENTHALPY OF OXYGEN

Oxygen enters the cell at the temperature of 298K which is also the reference
temperature and is being heated to a temperature, T of the fuel cell. Since the heat of
formation of oxygen is zero because oxygen is an element, the enthalpy of oxygen
input will be:

AHOzrl’n = Mo,,in f298 CpdT 56

AHo, in = Mo, in [yo(a + BT +yT? + 6T3) 57
2 3_ 3 4 4

AHg, in = Mo, in {a(T 298) + (T%-298 )+ )/(T 3298 )_|_ 5(T 598 )} -

where AH,, i, is the enthalpy of oxygen input from the reference temperature,298K to
the temperature of the cell.

Ina similar manner, the enthalpy of oxygen out is

AHy, (outy = AHp, in — AHo, react 5q
AHo,(outy = Mo, in fzgg CpdT —{cMp, * lAFC *1073 208 CPdT 60
AHo, (outy = Mo, in {a(T 298) + ﬁ(T 2982) (T3-2983) 5(T4_:984)} (oMo, ; A;c

{ a(T —298) + = 2982) ty (T3_§983) +46 (T4_:984)} 61

Equation 61 can be re arrange to obtain,
iA T2-2982 T3-2983
AHo, (outy = Mo, in — {cMp, * =€ % 10~ {a(T 298) + ,8( )1y ! - )4

5 (T4—2984)} 62
4

2.3.3 ENTHALPY OF WATER PRODUCED

Water is produced at the cathode of the cell at a temperature of Tr of the cell, it leaves

the cell at that same temperature. This can be evaluated as follows:

T

AHHzo,out = A1T'Iszo,TF + fT g CpdT 63

T=T therefore

AHypz0,0ut = AHppz0,1, = Mu,0,0ut (AHfH20,208 + fzgg CpdT) 64
T

AHpz0,0ut = Mu,0,0ut{(BH 120,208 + fzg’;(a + BT +yT? + 8T3)dT} 65
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Integrate Equation 65 to obtain;

AHHZO ot = MHZO lAFC %1073 [AH FH20,298K + { a(T — 298) + B (12 2982) +y (T3_32983) N
st 66

2.3.4 ENTHALPY OF CO, PRODUCED,AH,

AH¢o, = AHpco, 1 + fTTF CpdT 67

T=Tg therefore

AHco, = AHpco, 1, = Mco,(AHfco, 208 + f298 CpdT) 68

AHco, = Mco, out{(BHfco,,208 + f;;;(a + BT + yT? + 8§T3)dT} 69

Upon integration,
MHgo, = Mco, * S5+ 1073 |AH  po, sogr + { (T — 298) +p T

5 2)] 70

4

2 3_ 3
-298 )+y(T 298 )_I_

3

2.3.5 ENTHALPY OF REACTION

The heat of reaction is the enthalpy change when the number of moles of methanol and
oxygen in their standard state at temperature of the fuel cell react to form a certain
number of moles of water and CO; in their standard state at the same temperature of
the fuel cell.

The fundamental equation relating heats of reaction to temperature is given as (Smith
et al.,2005):

AH,,, = AHS,, + R f;; “EAT OR AHyyp = AHS + [ ACp dT 71

where AH,.,, and AHZ,,, are heats of reaction at temperature T of the fuel cell and at
reference temperature 298K.

AC, = {(1 * Cpco, ) + (2 * CPHZO)}PTOduCtS - {(1 * CPCH3OH) + (3/2 * CPOZ)}reactants 72
AHpyn = AHYn 208 + f298(Aa + ABT + AyT? + AST3)dT 73
Upon integration,

AHip = A 00 + {Aa. (T — 208) + Ag. T2 4 py (0290 4 55 722980 74
AHroxn,298 - (niAHfi)products (niAHfl)reactants 75
where

Aa = (“co2 + 2“1120) — (@chzon + Qo,)

AB = (ﬁcoz + 2,3}120) — (Beuzon + Bo,)

Ay = (Vco2 + ZVHZO) — (Ycuzou t+ Yo,)

A = (5co2 + 25H20) — (bcngon + 60,)

2982)

where, n; is the number of moles of each product and reactant that is their
stoichiometry ratio, and AHf; is the standard enthalpy or heat of formation of both the

reactants and products. The reaction in direct methanol fuel cell is:

769



CH30H +3/,0, - €O, + 2H,0 76
That is 1 mole of methanol and 3/2 moles of oxygen produced 1 mole of co, and 2
moles of H,0.

AHZ 205 = {(1 % AHZco, ) + (2 % AHPy o )}products — (1 + AHPey,on ) + (3/5 +
AHJQOZ )}reactants 77

2.4 EFFICIENCY
DMFC efficiency can be evaluated from relationship shown in Equation 78

_ Veell

Neell = EO 78

In reality, the electrochemical reaction that produces energy in fuel cell system cannot
achieve 100% conversion (Haynes, 2001; Qi et al, 2005). Certain fraction of the
reactant will flow out of the system as shown in Fig.2. It is therefore, important to
consider fuel utilization while computing the fuel cell efficiency. Abdulkareem (2010)
define fuel cell utilization as;

__ Mass of fuel (methanol) reacted in the cell 79

f ™ Mass of fuel (methanol)unreacted in the cell

Equation 78 then becomes;

VCe
Neell = 6f ‘ 80

EO

3. RESULTS AND DISCUSSION

Despite the compelling advantages of the DMFCs as alternative energy sources, the
technology is still lack behind due to the lack of proper understanding of the influence
of operating parameters on the cell performance of the cell. This study is focused on
the development of a theoretical mathematical model that can be use to predict the
performance of a DMFC. For the purpose of estimating cell performance as a function
of operating parameters, a parametric model was developed and the model developed
was simulated using java. Empirical thermodynamic modeling equations and energy
analysis equations were evaluated as function of the cell operating conditions to
investigate the effects of the operating parameters on the output voltage of the cell and
the efficiency of the system. The results obtained are presented in Figures 3-12.
Presented in Figure 3 is the simulated results obtained on the influence of temperature
on the cell performance at different current densities, with operating pressure of 1 bar
and methanol concentration of 0.25Mol/cm®. The simulated results obtained as
presented indicate that voltage output is decreasing with increase in current density.
For instance at operating of temperature 343k and current density 100mA/cm?, the
voltage output was 0.9497volts when the current density was raised to 400mA/cm?, the
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cell voltage reduces to 0.9496 volts. Results as presented also shown that rise in cell
temperature led to reduction in cell voltage output. The inverse proportionality of the
temperature effect on the cell performance can be blame on the possibility of the fuel
(methanol) cross in the cell as the temperature increases. This pattern of results
obtained agrees with the results obtained by Miansari et al (2009) in their experimental
studies.

0.9497
0.94965 M
0.9496
W343k
0.94955
— —8—353k
§ 0.9495 = — — 363k
S 0.94945 =>¢=373K
> —X 383K
0.9494
—
0.94935 : : : : .
0 100 200 300 400 500
Current density (mA/cm?)

Fig 3: Influence of temperature on the voltage output of DMFC.

Also simulated is the influence of oxygen pressure on the performance of the DMFC
and the results obtained are presented in Fig.4. Results obtained indicate that
operating pressure of the cathode also referred to as oxygen pressure positively affects
the cell performance. For instance, at cathode operating pressure of 1.5bar and current
density of 100mA/cm?, the voltage output of 0.957volts was obtained, and when the
pressure was raised to 2.5bar, at same current density of 100mA/cm?, the output
voltage of 0.9582volts was obtained. The positive influence of cathode operating
pressure on the DMFC performance can be attributed to the reduction in methanol
cross over. Also simulated is the effect of anode pressure (operating pressure of
methanol) on the performance of DMFC and the results obtained are presented in
Fig.5. This effect was simulated at constant temperature of 343K, while the anode
pressure was varied between 1 to 2.5 bar. Results obtained also indicate that
operating pressure of the cell positively affect the DMFC performance. For instance, at
anode operating pressure of 1bar and current density of 150mA/cm?, the simulated
output voltage obtained was 0.9403volts, as the pressure increase to 2.5bar, at same
current density of 150mA/cm? the simulated voltage output also increases to
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0.9411volts. This pattern of results is in agreement with earlier results reported by Yan
and Tien-Chien (2008). These results indicate that an increase in pressure increases
the output voltage of the cell. In summary simulated results indicate that operating
pressure of the anode and cathode positively affects the performance of DMFC.

0.959

0.958 T
E -

0.957 ok

0.956

= 0.955 \ —0—PQO2 at 1.5 bar
2 0.954 D
z == PQO2 at 2 bar
©0.953 ‘\V PO2 at 2.5 bar
~0.952 \ |
N, —PO02at3 bar
0.951 -
0.95
0.949

0 100 200 300 400 500
Current density (mA/cm?)

Fig 4: Influence of cathode pressure on the voltage output of DMFC.

0.943

0.942

0.941 F .E - ;\’,\:4 == pressure CH30OH-1 bar
—_ 0.94 hes b ~{i=1.5bar
: <\
2 0.939 2 bar
) 0.938 0
N 0.937 \ «=>é=2 5har

. \“ﬁ'
0.936 ~—
0.935 . : . . .
0 100 200 300 400 500
Current density (mA/cm?)

Fig 5: Influence of anode pressure on the voltage output of DMFC.

Depicted in Fig.6 is the simulated results obtained on the effects of fuel (methanol)
concentration on the performance of DMFC. Results obtained as presented indicate
that fuel (methanol) concentration of 0.5M and current density of 200mA/cm? will give
voltage output of 0.9379volts. When the fuel (methanol) concentration was raised to 2M
under same condition of current density the voltage output from the cell reduces to
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0.9372volts. This can be blame on the fact that at lower methanol concentration, the
rate of methanol cross over will be minimal, it is however worth of mentioning that cell
operate at lower methanol concentration might not sustain high current densities
operation because of the initiation of limiting current operation(ref). Results obtained
conform to the pattern of results reported by Yan and Tien-Chien (2008).
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Fig 6: Influence of fuel (methanol) concentration on DMFC performance.

Presented in Fig 7 is the simulated results obtained on the influence of temperature on
the cell efficiency. Simulated results obtained as presented reveal increase in
temperature negatively affects the efficiency of the cell. For instance at operating
temperature of temperature 343K, and current density 100mA/cm?, an efficiency of
77.019% was obtained, as the operating temperature increases to 383K, the cell
efficiency reduces to 76.99% . These results agreed with the results reported by
Miansari et al (2009). Though, efficiency of the direct methanol fuel cell should be
increase with rise in operating temperature, however the thermal stability of the
membrane militates against operating the cell at high temperature. The consequence of
reduction in thermal stability of the membrane at high temperature leads to low electro-
activity of the methanol oxidation at the anode side of the electrode. This resulted into
large volume of undesired fuel (methanol) to be move through the membrane from
anode to the cathode side which resulted into low efficiency of the cell at high operating
temperature.
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Fig 7: Effect of operating temperature on the efficiency of direct methanol fuel cell
temperatures.

The by-product of electrochemical reaction that takes place in the cell of DMFC is heat.
However, the waste heat from cells can be harnessed for the purpose of improving the
cell efficiency. Ability of the cell to capture the heat generated for use in a co-generation
like manner necessitates the need to evaluate the quantity of heat produced by the cell.
Results obtained on the influence of operating temperature on the net heat generated
by the cell are presented in Fig 8. Results as presented indicate that operating
temperature has a positive influence on the heat generated by the cell. For instance at
operating temperature of 343K, the simulated net heat generated was approximately
110kJ, when the operating temperature increases to 383K, the net heat generated
becomes approximately 215kJ. Though, the results obtained indicate that increasing
the operating temperature favour the net heat generated by the cell, care must be
taken not increase the operating temperature beyond the limit that the membrane can

withstand.
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Fig. 8: Effect of operating temperature on heat generation by the direct methanol fuel
cell.

CONCLUSIONS

This present study is intended to develop a predictive mathematical model for the
performance of DMFC at various operating conditions. To achieve this, electrochemical
and energy analysis was carried out and the model developed was simulated with
computer programme (java). From the model result, a general conclusion can be drawn
that the fuel cell performance can be improved significantly by adopting any or a
combination of the different operating parameters. The following specific conclusions
can be drawn from this study based on the simulated results obtained;

(1) Operating temperature negatively influence the performance and efficiency of direct
methanol fuel cell, due to strong methanol flux across the membrane which resulted
into cathode potential. However, operating temperature positively affects the net heat
generated by the cell, which implies that net heat generated in the cell increase with
increase in temperature.

(2) Simulation of the developed model also shows that increase in the pressure of the
fuel cell will increase the performance of the cell and increase the current density. This
shows that the efficiency of the cell increases with an increase in pressure.

(3)The model also demonstrates that a high methanol feed concentration leads to a
strong methanol crossover through the membrane and thus reduces the cell voltage
and efficiency. However the model also tells us that an increase in the methanol
concentration can be valuable to the system as it increases the current density of the
cell.
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