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Abstract

A passive liquid-feed direct methanol fuel cell (DMFC) with neither external liquid pumps nor gas blowers is modeled mathematically.
A one-dimensional model is developed by considering inherently coupled heat and mass transport, along with the electrochemical reactior
occurring in passive DMFCs. The analytical solutions predicting the performance of this type of fuel cell operating with different methanol
concentrations are obtained. It is shown that the performance of passive DMFCs increases with methanol concentration. It is further reveale
that the improved performance with higher methanol concentrations is due primarily to the increased operating temperature resulted from th
exothermic reaction between permeated methanol and oxygen on the cathode.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the substantial methanol crossover by modifying existing
polymer membranefd 2] or searching for alternativd43];

The direct methanol fuel cell (DMFC) is an electro- flow field designs and COmanagemerijtl4—19]
chemical device that directly converts chemical energy into  |n contrast, the concept of passive DMFCs is that a DMFC
electrical energy. Because of its high efficiency, high energy can operate stand-alone, eliminating the external means of
density, low emission, and simple structure, the DMFC has |iquid transport and air movement. Therefore, the fuel cell
been projected to be a prime candidate for powering portablesystem becomes much simpler and more compact. This con-
devices[1]. In terms of fuel and oxidant delivery schemes, cept provides a unique feature for the miniaturization of fuel
DMFCs can be classified either as active-feed DMFCs or ascells. For this reason, passive DMFCs have recently received
passive-feed DMFCs. much attention. Kim et a[20] fabricated and tested a sin-

In active-feed DMFCs, methanol solution is usually gle cell and monopolar DMFC stack operating under passive
delivered by a liquid pump, while oxidant (oxygen or air) is - and air-breathing conditions. Liu et §21] studied sintered
supplied by a gas blower/fan. To improve cell performance, stainless steel fiber felt as the gas diffusion layer in an air-
most previous studies on active-feed DMFCs have beenpreathing DMFC. Shimizu and Momnja2] reported their
focused on the following aspects: improving the electro- activities regarding the research and development of DMFCs
activity of methanol oxidation on the anode by exploring that operated passively at room temperature. Chen and Yang
more active electrocatalystf2—4]; optimizing cathode  [23] investigated the effect of operating conditions on the
electrode structures to avoid severe flood[bf} investi- power density of an air-breathing DMFC.
gating the effect of methanol crossové-11] reducing As compared with their active counterparts, passive-

feed DMFCs have much lower power density (about
* Corresponding author. Tel.: +852 2358 8647 fax: +852 2358 1543. 20 MW cn1?) because of two major problems. One is the
E-mail address: metzhao@ust.hk (T.S. Zhao). inability to handle the excess water evolved on the cathode
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and crossed from the anode. The other is that conventional ACC AGDL PEM cGDL CCC

designs lose too much heat from the fuel cell to the ambient y
air, resulting in rather low cell operating temperatures (less . —
than 30°C). Therefore, the ambient conditions under which , a0 W
passive DMFCs operate require added attention to be given LC
to thermal and water management. 0,
Because several interrelated processes occur simultane-
ously, the development of a mathematical model is critical to
the design and the optimization of passive-feed DMFCs. In H,O+Heat
particular, understanding thermal effects, which are insepa-
rable from the management of water in the cell, is necessary
to optimize the performance of these fuel cells. A number
of studies[24—34] have been reported simulating PEM fuel
cells and DMFCs, but most of them were isothermal mod-
els, except for a few papers that took into account thermal
effects for simulating solid oxide fuel cel[85-37] Nord-
lund and Lindberglfi30] proposed an isothermal agglomerate
model based on the reaction mechanism for the electrochemithe form of gas bubbles from the surface of the ACC. For
cal oxidation of methanol to study the influence of the porous the vertically orientated DMFC shown Fig. 1, in the fuel
structure on the direct methanol fuel cells. Wang and Wang tank, due to buoyancy, COnoves upwards adjacent to the
[31] used two-phase multi-component model to simulate a surface of the ACC, while the liquid methanol solution away
DMFC. The anode and cathode electrochemical reactions,from the surface of the ACC moves downwards. As such, the
diffusion and convection of both gas and liquid phases in diffusion of methanol solution from the fuel tank to the ACC
the backing layers and flow channels, mixed potential effect is virtually enhanced by natural convection. On the cathode
due to methanol crossover and the effect of methanol feedof this passive-feed DMFC, oxygen is taken passively from
concentration were explored. Murgia et[@2] developed a  the ambient air without any means of air movement. Almost
one-dimensional, two-phase, multi-component steady-stateall the heat generated by the fuel cell is lost from the vertical
model based on the phenomenological transport equationsCCC to the ambient, leading to natural heat convection at
In their model, the influences of the methanol concentration, the surface of the CCC. The mass transport of oxygen and
the pressure gradientin the catalyst layer, flooding in the cath-water on the cathode is enhanced by natural convection.
ode gas diffusion layer, and methanol crossover on the cell It is clear from the above description that the operation
performance were investigated. of the passive-feed DMFC considered in this work actually
In this paper, we present a theoretical model that incorpo- involves rather complex transport processes of heat and mass,
rates the effects of coupled heat and mass transfer and electrowhich are linked to the electrochemical reactions of methanol
chemical kinetics in a passive-feed DMFC. We demonstrate oxidation on the anode and oxygen reduction on the cathode.
that this simplified model is capable of shedding light on the To make the complicated process tractable, we treat it as a
mechanisms leading to a better performance when this type ofone-dimensional problem, with theaxis origin set at the
fuel cells operate with higher methanol concentrations under ACL, as illustrated irFig. 1. We also introduce the following
ambient conditions. simplifications and assumptions:

Methanol solution tank

0

Fig. 1. Schematic of a passive liquid-feed DMFC.

(1) The fuel cell is assumed to operate under steady-state

2. Model development conditions.
(2) Compared with the heat generated by electrochemical re-
Consider a passive-feed DMFC shownFHig. 1, which action and overpotential, Joule heat caused by the current
consists of a fuel tank, an anode current collector (ACC), flow through each component is ignored.

an anode gas diffusion layer (AGDL), an anode catalyst (3) The fuel tank, ACC, and AGDL are well insulated from
layer (ACL), a membrane, a cathode catalyst layer (CCL), a the ambient. No heat is lost from these components to
cathode gas diffusion layer (CGDL), and a cathode current the ambient. Thus, the temperature at each of these com-
collector (CCC). On the anode, diluted methanol solution ponents is the same as that at ACL.

is introduced to the reaction zone without any external (4) Considering that ACL and CCL are much thinner than
means of liquid transport. From the ACC through the AGDL AGDL, CGDL and the membrane, they are treated as an

and finally to the ACL, methanol solution is transported interface and the temperature and concentration distribu-
primarily by diffusion. After the electrochemical reaction tions are uniform.

of methanol oxidation, C®produced at the ACL moves (5) The transport of heat and mass through the gas diffusion
counter-currently toward the fuel tank via the AGDL and layers is assumed to be a diffusion-predominated process

ACC. At sufficiently high current densities, G@mits in and the convection effect due to bulk flow is ignored.
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(6) Onthe cathode, the heatand mass are transferred betweewherei; and C[; represent, respectively, the reference ex-
the CCC and the ambient by natural convection. change current density onthe anode and the reference concen-
(7) On the anode, the mass transfer of methanol from the tration of methanol, andm aclis the methanol concentration
bulk solution to the ACC is assumed to be driven by in the ACL. The permeation flux of methanol through the
natural convection. For a sufficiently large fuel tank, the membraneN¢ross can be determined from:
methanol concentration in the tank during the fuel cell dc ;
discharging is assumed to be constant. Neross= — Dﬁfmem%” + n&nF’ 7)
(8) Methanol crossover through the membrane is assumed

to be due to the combined effect of the concentration \yhere DEf em is the effective diffusion coefficient of

gradient between the anode and cathode and the electromethanol in the membrane anfi is the electro-osmotic drag
osmosis force. coefficient of methanol.

(9) Since the reaction rate of methanol on the cathode is  on the cathode, oxygen extracted from the air reacts with
rather fast, the methanol concentration in the CCL is as- the electron and proton to produce water. Additionally, part

sumed to be depleted. of oxygen is consumed due to methanol crossover to form an
internal current and a mixed potential. Therefore, the oxygen
2.1. Mass transport flux from the CGDL to the CCL can be determined from:
1 3
The transport process of methanol from the fuel tank to No, = —ic+ = Ncross (8)

the ACC is described by: 4 2

To accountfor the effect of methanol crossover on the cathode
Nim = hm(Crm tank — i acd- @) overpotential, we assume that the methanol from the anode
completely reacts electrochemically on the cathode. Based on
this assumption, the internal curreiy, due to the methanol
oxidation on the cathode can be obtained based on the per-
meation flux of methandB1]:

whereNn, represents the methanol flux, the mass transfer
coefficient at the ACC surface, aﬂlﬂL acc@NdCm tankare the
methanol concentrations at the ACC surface and in the tank,
respectively.

In the ACC and AGDL, since no electrochemical reaction ;  — gFnoss 9)
occurs, the methanol flux remains the same and is related to
the concentration gradient by Fick's law as: It follows from Eqgs.(6) and(9) that the cathode overpotential
taking account of the mixed potential can be determined from:
New — Deﬁ de,acc (2)
m= "Pmacc™ . > C ackF
dr e +ip = ih— e exn( o 770) : (10)
and ref ccl
N _pef dCrm,agd 3) wherei?eZf andc% represent, respectively, the reference ex-
m = magd ™ -~ change current density on the cathode and the reference con-

centration of oxygen, anflo, ccl is the oxygen concentration

whereDﬁ{f‘,ﬂCC and Deff | represent the effective diffusion  jn the CCL.

m,agd
coefficients of methanol in the ACC and AGDL, respectively. In the CGDL and CCC, the oxygen flux remains the same
Combining Eqs(1)—(3)yields: and is related to the concentration gradient by:
Nm = a1(Cm.tank — Cm,ac), (4) dCo,,cgdl
m m,tan m,ac N02 — _D(e)f;cgdl dszg , (11)
, -1
whereq; = (—R—ngd' + o+ k) and
m,agdl m,acc
The methanol fluxNy, is related to the proton current of  0Coy.cec
density,ia, and the permeation flux of methanol through the No» = _Doz,cccT» (12)

membraneNcross by:

eff eff ;
whereDg cqdl andDOz,CCC represent, respectively, the effec-

Nim = ﬁia 4 Neross (5) gvgg.lffusmn coefficients of oxygen in the CGDL and in the

where F is the Faraday’s constant (96,485C myl The d T?e oxtygeln transp?rt fron; the a;)ml?jlent a'll;r tg tt)he.z CCCis
current density,iz, can be determined from the Tafel ue to natural convection and can be described by:

equation: No, = ho,(Co,.amb— ng,ccc), (13)
ia=iM lefc' ( cal T)a> , (6) whereho, is the mass transfer coefficient of oxygen on the
Cref RTzcl cathodng2 ccc @andCo, amb are the oxygen concentrations
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at the surface of the CCC and in the bulk air, respectively. accumulated on the cathode due to the limited removal rate

Combining Egqs(11)—(13)gives the oxygen flux as: of water with no external means of air movement. Then, the
flux of water evaporation can also be determined by natural
N02 = 052(C02,amb_ COQ,CC|)9 (14) Convectlon
-1
whereay = <% Décgd' + —ﬁ—fo“ ) . N0 = h1,0(CE0,cec — CHz0.amb). (20)
2 Oo,cgdl Oy, ..

2% 2o wherehn,o denotes the mass transfer coefficient of water

2.2. Heat transport vapor on the cathodei:ﬁitqccc and Cn,0,amb are the water

vapor concentrations at the surface of the CCC and in the bulk
On the anode, heat, generated by the electrochemical re-2ir, respectively. The water vapor concentration can be deter-
action in the ACL, is given by: mined fromPy,0/RT, and the saturated pressure of moist air
is determined fronj27]:
AHy — AGa>

C]acI:l<77a— nF

(15) Peae= 10(—2.1794+0.02953« T'—9.1837x 1075xT241.4454x 1077 x T3)
where the first term represents the heat due to the activation (21)
and mass transfer overpotentials on the anode, the second
term represents the entropy change of the anodic electro-
chemical reaction, witlAH, denoting the anodic reaction
enthglpy andA G, the Gibbs free energy. E¢15) can be Gtot = gacl + gecl, (22)
rewritten aq38]J:

The total heat generatiajnot is given by:

which is related to the temperature gradient in the CGDL and

Gacl = ina— B1 — B2(Taci — 298), (16) the CCC, respectively, to
wherefy = #=(AHQ — AGY) and B2 = ¢=(Cco, — Cm — dr
CHZO)- qtot = —Acgdla, (23)
Neglecting Joule heat in the membrane, we can relate theand
heat flux,gaci, to the temperature gradient across the mem- g
. T
brane as: dtot = ~hcce . (24)
dr
Yacl = _)‘mem§’ A7) wherelcgqi andicec represent the effective thermal conduc-

tivities of in the CDGL and in the CCC. Finally, the heat

wherezmenis the effective thermal conductivity of the mem- .\ <t trom the CCC to the ambient air can be described

brane. ; , ; .
The heat generation on the CGj¢), can be determined using the Newton's cooling law as:
from: rot = ht(Tgee = Tamn). (25)
. AHc — AGc i »
geel = (i +ip)nc — i—————— — hyNh,0. (18) where/y is the heat transfer coefficient due to natural con-
n¥ vection,TS.. andTamp are the temperatures at the surface of

where the first term represents the heat due to activation andhe CCC and the ambient air. Combining E(3)—(25) we
mass transfer overpotentials and mixed potential caused byobtain:
methanol crossover on the cathode; the second term accounts

for the entropic loss, with H¢ denoting the cathodic reaction ~ tot = a3(Teel — Tamn), (26)
enthalpy andAG¢ is the Gibbs free energy; the third term I -1
- - whereas = i+i‘”+ﬂ>

reflects the heat due to the evaporation of liquid water at the 3T\ T Regat T Reee)
CCL, with i, denoting the latent heat of water ang,o is The heat transfer coefficient at the surface of the CCC can
the flux of water evaporation. E¢L8) can be rewritten as: be determined fror{B9]:

L 1/4
Gecl = (i + lp)’?c — B3 — Ba(Tecl — 298)— hyN,0, (19) Nu — hTL — 0.68+ 0.67Ra; —5 27)
where B3 = 5-(AH? — AGY) and B4 = 5 (Chyo— [1+ (0.492/ Pr)¥/*9]
%Coz)- where Ra; is the Rayleigh number Rg; =GrPr), Pr

We assume that the air at the CCC is in a saturated stateé® Prandtl number, andsr is the Grashof number
based on the following justifications: in addition to the water (Gr = M) Based on the analogy principle be-
continuously generated on the cathode, the permeation ratéween heat and mass transfer, the mass transfer coefficient
of water from the anode to cathode is relatively high in DM- can also be determined from E@7) with Nu replaced by
FCs, even under the open circuit voltage (OCV) condition Sherwood numbe§h = }%, andPr replaced by Lewis
[34]. In particular, in passive DMFCs, more water may be number,Le =Sh/Nu (for gasLe =1 [40]). On the anode, the
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natural convection is caused by bubble behavior. The massyhere Egell is the open circuit voltage af=298K and

transfer coefficient at the ACC is determined by assuming (3£/37) represents the rate of change of electromotive force.
thatSh/Nu=2.0.

2.3. Cell performance 3. Analytical solutions

We now obtain analytical solutions from the equations
cg{resented in the preceding section. Combining Ejs(5),
nd(7) yields the methanol concentration at the ACL:

With the methanol/oxygen concentration at the catalyst
layers and the temperature distributions, and the anodic an
cathodic overpotentials obtained from the equations pre-
sented above, we can assess the cell performance based on:

Cm,acl = Deft ;
Veell = Ecell — la — Nec — i Reell, (28) %ﬂ +1.8x 10_5’”"20% to

Ollcm,tank - #

(30)

whereEe is the thermodynamic equilibrium potential of the With the aide of Eq(30), the oxygen concentration at the
fuel cell and is a function of temperature and pressure, and CCL can be determined by using E¢8) and(14)to give:
Recell is the internal resistance of the fuel cell. The thermody- 1 )
namic equilibrium potentials of the fuel cell can be calculated Coy.col = ” <012C02,amb _t

by: AF
3 eff Cm,acl _5 i ))
- = —— 4+ 1.8 x 10 °nn,0—=1 ).
Ecell = Edgy + AT (8_E> ’ (29) 2 ( ™ e "OF
aT (31)
Table 1
Physical properties
Parameter/symbol (unit) Value Refs.
Liquid methanol enthalpy of formatioHf, (J mol1) —238.66x 10°
Liquid water enthalpy of formatiosH,, (J mol-1) —285.83x 10°
Carbon dioxide enthalpy of formatiot/Hco, (J mol?) —393.51x 10°
Liquid methanol Gibbs free energyGm, (J mol?) —166.27x 10°
Liquid water Gibbs free energG,, (J mot-1) —237.08x 10°
Carbon dioxide Gibbs free energyG co, (J mol1) —394x 10®
Liquid methanol specific heat capacityy/(J mol-1 K1) 80.96
Liquid water specific heat capacity/ (J mol-1 K—1) 75.24
Carbon dioxide specific heat capacity, (Jmor K1) 36.9
Oxygen specific heat capacity), (J mol-t K1) 39.44
Evaporation heat of wate/ (J mol1) 44.86x 10°
Pressure of air in cathod®&/ (Pa) 1x 10°
Oxygen concentration in the ambient &g, amp (Mol m—3) 0.21x PIRT
Thickness of ACC and CCG (m) 0.001 Assumed
Thickness of AGDL and CGDIgq (m) 0.0003 [41]
Electro-osmotic drag coefficient of watew,o 2.9exp(1029/(1/333 1/T)) [42]
Electro-osmotic drag coefficient of methna(gll Xm X NH,0 [31]
Conductivity of membranef, (S 1) 7.3exp(1268(1/298 1/T)) [43]
Correction factor of diffusion coefficient/ 0.6 Assumed
Thermal conductivity of membrarigfem (Wm~1 K1) 0.21 [33]
Thermal conductivity of CGDLcgal (W m~1 K1) 1.6 [44]
Thermal conductivity of CCGleec (Wm—1K 1) 16
Diffusion coefficient of methanol in membramegf . (m2s™1) 4.9x 10~ 1%exp(2436(1/333- 1/T)) [43]
Diffusion coefficient of methanol in AC@IET, .. (m?s72) 2.8x10°° [34]
Diffusion coefficient of methanol in AG Dll))?’nf,fagdI (m?s1h 2.8x 10 %
Diffusion coefficient of oxygen in CCC and aD%T,ccc (m?s1 0.25x 104
Diffusion coefficient of oxygen in CGDLl))g“_ngl (m?s™) 0.25x 10~%¢
Diffusion coefficient of water vapor in aifff’ ; ;, (m?*s™) 6x104 Assumed
Transfer coefficient of anode{ 0.35 Assumed
Transfer coefficient of cathode/ 0.8 Assumed
Reference concentration of methaig}; (mol m-3) 4x10° Assumed
Reference concentration of oxygéfgs (mol/m®) 0.21x Po/lRT
Reference exchange current density on anfijéA m~2) 94.25 exp(35,57®(1/353— 1/T)) [31]
Reference exchange current density on cath'@ghéA m—2) 0.04222 exp(73,208(1/353— 1/T)) [31]

Rate of change of electromotive foreE/8T (V K 1) —1.4x10°* [34]
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Utilizing the calculated methanol and oxygen concentrations variation in the temperature at the ACL with current density

at the catalyst layer, the temperatures at catalyst layer arefor different methanol concentrations. The increased oper-
obtained from Eqg(16), (17), (19), (22), and(26). The tem- ating temperature improves the electrochemical reactions of
peratures in the ACL and the CCL is given, respectively, as:

ina— B1+ 29862 + (i + ip) — B3+ 29864 + {10 (inaPs — P1Ba + 29882B4 — w3P1 + 2986203
+ inaee3) + a3Tamb — hvNH,0

Tacl = 1 (32)
a3+ P2+ Pa+ 52 (Baars + B2fa)
and both methanol oxidation and oxygen reduction, producing
Imem ,. a higher voltage for a given current density. Therefore, it
Teel = Tacl — Amem(’”a = B1 — TaciP2 + 29862). (33) can be concluded that the improved cell performance with

) a higher methanol concentration is primarily attributed to
It should be mentioned that the heat and mass transfer coef-

ficients are determined based on the iteration procedure by 300.890 . T .
presuming a wall temperature at the CCC surface. Iteration ﬁue;f;ni gir;scig:t:amf%m;
will not cease until a right wall temperature and right heat, o 300.888 | Room temperature; 298 K 1
and mass transfer coefficients, obtained from &q), are i
determined such that the total heat generated is balanced by g e
the heat loss from the cathode to the ambient. The resultsto g .., |
be presented in the next section were obtained based on the &
parameters listed ifable 1 F 300882 |

O B it ol i i i

0 0.0005  0.0010  0.0015  0.0020

4. Results and discussion
x(m)

I 2
Fig. 2shows the temperature distribution in the cellwhen @ GHrrent density =t

itis filled with 2 M methanol solution and operates at different 301.6775 . y ; -

currentdensities. The four data points represent, respectively, e

the temperatures at the ACL, the CCL, the CGDL/CCC inter- & AMeTEO Room temperature: 298 K

face, and the outer surface of the CCC. Itis seen frign2a i

that at a lower current density the temperature on the anodeis 3 RLOTR |

lower than thaton the cathode. This is because the heatgener- ¢ . .t

ation rate by the anodic overpotential at low current densities £ '

is less than the endothermic heat demanded by the electro- = 5016715}

chemical reaction of methanol oxidation. As a result, some

heat has to be taken from the cathode. With an increase in 3016700 Leau v w0 A v

current density, the heat generation rate by the anodic over- 0 e it Rltia vk

potential increases. Therefore, as indicatedrig. 2o, the x(,m). 5

temperature on the anode becomes higher than that on the © e EnansnE e on

cathode. With a further increase in current density, the tem- 311.30 . . .

perature difference between the anode and cathode increases, Current density: 50 mA/em?

as evident by comparingjg. 20 and c. g oz e |
Fig. 3 shows the polarization curves when the fuel cell =

operates with 1 M, 2 M, 3 M, and 4 M methanol solutions, re- 3

spectively. It can be seen from this figure that with an increase g °neop

in methanol concentration, the cell performance upgrades g

progressively. A higher methanol concentration results in a = 811.15¢

higher methanol permeation rate from the anode side to the —

cathode side. On the cathode side, methanol reacts with the 3o
: : : 0 0.0005 00010  0.0015  0.0020

oxygen electrochemically to form a mixed potential. Hence, 3 (]

a higher methanol concentration leads to a higher mixed po- (©) Current density i=50mA/cm?

tential, thereby causing a higher heat generation rate. As a

result, a higher ?Oncenf[ration re§U|tS in a higher operating rig. 2. Temperature distribution in the cell at different current densities: (a)
temperature. This is evident froffig. 4, which shows the  current density;=1mAcn2, (b)i=5mAcm 2, and (c)i=50 mA cni 2,
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1.0 ————r—v—vr—-"r-—"r-"T—"v—"v—r—T—T—r 0.9 — T
Room temperature: 298 K

Methanol concentration: 4 M, without cooling
Methanol concentration: 2 M

Room temperature: 293K

= = Methanol concentration: 4 M, with cooling

Cell voltage (V)
Cell voltage (V)

0 40 80 120 160 0 20 40 60 80
Current density (mA/cmE) Current density (mA/cmz)

Fig. 3. Polarization curves of the passive DMFC operating with different Fig. 5. Polarization curves for the 4 M methanol operation with and without
methanol concentrations. the operating temperature lowered to the value of the 2 M methanol operation
under the OCV condition.

the increased operating temperature caused by the exother-
mic reaction between permeated methanol and oxygen on th
cathode. It is also noted froffig. 4 that for each methanol
concentration, the temperature at the ACL increases with cur-
rent density. This is because the heat generation rate due t
activation and mass transfer activation increase with an in-
crease in current density.

he same concentration methanol without cooling does. Al-
though the performance with 4 M methanol at the lowered
operating temperature becomes much lower than that with-
ut the control of the operating temperature, it is still a bit
igher than that with 2 M methanol. This may be due to the
higher mass transfer rate with a higher methanol concentra-

In order to further verify that the improved cell perfor- Eon:[The restulctjsbpr(tar?entedtrg. 5.|nd|ca£[.e tha:cttt:e excesst q
mance with higher methanol concentrations is due to the in- eat generated by the exothermic reaction of the permeate

creased operating temperature caused by higher methano?nemamlzn tT_e catho(;jzls removeld frorptthhe cell, the iﬁ”fe:h
permeation rates, we now let the passive DMFC still oper- ormance declines and becomes aimost the same as that wi

ate with 4 M methanol, but remove the excess heat generatecthtrTethaml' tT_he co?;t).arlson '?. cell t;r)]ertf%rmance argong
from the system by cooling down the cell to a lower tem- € Ihree operating conditions confirms that the Improved per-

peratureFig. 5presents the performance, represented by theformance ‘?f apassive DMFC running with hllgher methapol
dashed curve, of the fuel cell operating with 4 M methanol concentrations is attributed primarily tp the h|gher operating
and at an operating temperature controlled to be the same€mperature caused by the exothermic reaction between the

as that when the cell operates with 2 M methanol under the pe[rnr]]eattfafd n:e';hanol "‘f[nd oxygten on tht(:] cathltl)de. ;
open circuit voltage condition. For comparison, the polar- € eflect of room temperature€ on the cell performance

ization curves with 2M and 4M without cooling are also with different methanol concentrations is showrFig. 6. It
shown inFig. 5. It can be seen from this figure that feed- is clear from this figure that the cell performance increases

ing 4 M methanol solution with a lowed operating tempera- \év_lthtroqtrg ‘er:'_‘pﬁ rature, 'I;he Iowetr heat Iosts rateh_tohthe am-
ture results in significantly lower performance than feeding ient with a higher room temperature creates a higner oper-
ating temperature, causing the electrochemical kinetics of

340r T T T 7 10 ———
I Room temperature:298K 1
F 4M 1 —— Room temperature: 283 K
_. 330 osk — Room temperature: 303 K |
¥ [ a7
RN <
2 320 )
8 g
© =
% [ o
E 310} =
e 8
300
0 40 80 120 160 —— ——— . _ —
0 40 80 120 160
Current density (mA/cme) Current density {mA/cmz)

Fig. 4. Variations in the operating temperature (at the anode catalyst layer) Fig. 6. Polarization curves for different methanol concentrations and at dif-
with current density for different methanol concentrations. ferent room temperatures.
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both methanol oxidation and oxygen reduction to be im- [8] N. Munichandraiah, K. McGrath, G.K.S. Prakash, et al., A potentio-
proved. The results presentedrig. 6suggest that the perfor- metric method of monitoring methanol crossover through polymer
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