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Abtract
Economic and environmental issues are forcing industry to e4rlore altemative energy sources for
vehicles and electronic devices. Much effort is being put into fuel cell research because tliey hold the
promise of high energy density, low environmental inrpact, and broad applicability. Hydrogen is the

main source of fuel for high-performance applications with water being the only product, These
attributes make the hydrogen fuel cell a practical replacement for many power sources that are

inefficient and environmentally unfriendly. T'he basic functionalunit of the fuel cell is the membrane

electrode assembly (MEA). The MEA is the loci rvhere the electrochemistry occurs to produce
electricity fromhydrogen andoxygen. The MEA consists of thepolymer membrane with an electrode
adhered to either side. The electrode corrtairrs the platinum electro-catalyst dispersed on carbon black
with a polyrner binder. The effect of gas diffi.lsion electrode to the perfonnance of fuel cells was
studied in a single cell. Performance dependence on the intrinsic material properties rvas studied by
Fuel cell test system. The interdependence between gas diffusion electrode and fuel cell performance
was covered. long-term stability of the PEMFC stack built in the l¿boratory of Advanced Energy
Systens was dernonstrated by operating it continuously.

IGywords: Reaction kinetic, electrode, MEA

Introduction
PEMFC is a cell that it rnay produce the

electrical energy by applying fuel. The principal
operation of PEMFC is to conveft the cheurical
energy by electrochemistry into the electrical
energy. The components of PEIvf FC consists of
bipolar plate of anode and cathode parts and the
mernbrane electrode æsembly (MEA) u'hich
possesses layers of anocle, nremb rarre and

cathode. These five components are ananged
into a stack known as so-called PEMFC [1,2].
From the point of chemical reaction, for one nol
hydrogen under atmospheric pressure,
temperature 287oK, the energy yielded æ large
as 237.200 J or cquivalent to 1.?.3 V electric

[,3]. Practically, the PEMFC which applied
non pure air, the hurnidity and hydrogen speed
are well controlled, the maximurn yielded cell
voltan is found to be 1.16 V for open circuit. ln
stable condition it achieved 0.6 - 0.7 V and thus
the PEMFC stack is large enough to yield 200-
300 volt [3]. To reduce the MEA siiæ, various
techniques for instrumental manufacture have
been employed for obtaining reduced thickness.
For this purpose, Culzow macle a thin layer
electrode by spraying method on the membrane
surface I4]. By this method, the electrode

thickness is found to be l0 until 5 rnicron [5]
with a concentration of 0.05 to until 0.4 gcm-2,
the electrode thickness was obtained to be
around 5 micron. According to Ralph, for a thin
electrode, it can not ¿ìssure a high I\,IEA
perlormance due to enhancecl performance
achicved only around 2% [61, HenÇe, s ince 2002,
investigaton have staftecl to improve tlre
phenomenon of l.nass transfer in MEA. One of
the popular manufacturing procedures was the
patent of Wilson due to lower content catalyst

Ul. The report of Chern stated that the
enhancement of MEA performance achieved
when the cataþst layer formed by thin layer
method using ink [7,8]. The forming of catalyst
layer was directly can'ied out onto the surface of
GDL, but yielded not unifonn thickness. In
MEA investigation, the forrnation of catalyst
layer thickness ou the GDI- surface gives effects
to chemical reaction.

The unclerlying factors controlling fue I cell
performance are best understood rvhen one tries
to break dorvn a typical cunent/voltage curve
into its contributions. As it tums ont, these
contributions can often be related to individual
fuel cell cornponents [8]. The scheme presented
here is bæed on PEM fuel cell rvork.'l'his seems
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fair because PEMFCs are cunently the most
widely studied type of fuel cell. Yet emctly the

same primary performance parameters can be

identified in all fuel cell types, so the scheme

outlined here can be applied accordingly [9]. The

smallest building block of a PEM fuel cell is tlte
membrane electrode assenrbly or MEA, as

shorvn in Fig. 1. Consisting of two electtodes,

anode and cathode, and the poþmer electtolyte,
it essentially forms a complete û,rel cell [10].
Before discussing cunent/voltage cttrves in

greater detail, it is instructive to consider the
respective functions of the MEA components.
Figure I illustrates that the electrochemical
reactions.

Hz- 2H* + 2e- (8,: 0 V) (l)
l/2 02 + 2tÍ + Ze- ' lHzO (8, = 1.23 V) (2)

1¿c

heat conductor in order to remove heat from the
reactive zones of the MEA.
At the cathode, the functions of the substrate

become even more complex. Product rvater is

formed at the cathode according to Eq. (2).

Should this water exit from the electrode in
liquid forrn (as it usually does if the reactants are

saturatecl rvith rvater vapor), there is a risk of
liquid blocking the pores within the substrate
and, consequently, gas access to the reactive
zone [4]. This poses a serious performance
problem because for economic reasons the
oxidant used in most practical applications is not
pure o)ygen but air, Therefore, 80% of the gas

present within the cattrode b inert with all
associated boundary and stagnant [4].
layer problerns. Fuel cell operation will therefore
result in a depletion of oxygen towards the active
cathode catalyst. The membrane acts as a proton
conductor. As we will see, this requires the

membrane to be well humidified because the
proton conduction process relies on membtane
rvater, As a consequence, an additional water
flux from anode to cathode is present zurd is

associated with the migration of protons (electro-
osmotic drag). Since this will eventually lead to
a depletion of water from the anode interface of
the meurbrane, humidity is often provided with
the anode gas by pre-humidif, ing the reactant.

Electroc he mical hinetics
Figure I shows the volume element of MEA in
PEMFC. In this element, there are three zones,
i.e. the anode center, the poll'mer electrolyte
nrembrane and the cathode celtter. The chemical
reaction in the three zones is shown in ttre figure.
To formulate the Influence of Electrode
Properties on the Hydrogen Reaction Kinetic in
Fuel Cell MEA, the hole diameter and GDL hole
are assumed to be lnuclt higher than the hole
diameter and electrode hole therefore the gas

flow obstacle is larger than the electrode layer
part. The left side of anode and the right side of
cathode are assumed to be the collector of
curent density produced by chernical rcaction

[5]. The FI2 humidity and the dry air arp fircd
for constant concentmtion. The water dropplets
occured at anode and its transfer via cathode hole
is neglected. The mixture of H2 gas ancl H2O in
anode and 02 in cathode are followed the gæ

ideal rule [16], The electrode is assumed as

homogen medium possæsed uniform holes. By
this assunrption, when operating on pure

hydrogen, the anode stays at a potential close to
the theoretical reversible potential of a hydrogen
electrode, i.e., Er=0 V-compare ft. (l). Ír

en

Figure l. The element ofMEA

Take place at the anode and the cathode cataþst
layer, respectively. The gas diffusion layer
(GDL) or electrode substrate (or electrode

backing material) at the anode allows hydrogen
to reach the reactive zone rvithin the :electrode

fl 1,121. Upon reacting, protons nrigrate through

the ion conducting metnbtane, and electrcns are

conducted through the substrate layer and,

ultinmtely, to the electric terntinals of the fuel

cell stack. The anode substrate therefore has to
be gas porous as well as .electronically

conducting. Because not all of the chemical

energy supplied to the MEA by the reactants is

converted into electric power, heat will also be
generated somewhere inside the MEA tl3l.
Hence, the gas porous substrate also acts as a
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electrochemical terminology, th is corres ponds to
a low over potential indicative of a kinetically
facile reactionflO]. For the moment, we will
therefore neglect the anode contribution towards
the cellvoltage, assuming an anode potential of 0
V. Since the cell voltage is the difference
between anode and cathode potential, the cell
voltage will be - to good approximation -identical to the cathode potential, ðc. In contrast
with the anode reaction, the oxygen reduction
reaction at the cathode is an activated process

and therefore exhibits a much higher
overpotential [ 7]. The Butler-Vo lme r eq uatio n,
the key equation in electrochernical kinetics,
gives a nrathenratical description of such
activated processes [0,18,19,207.

," =';[.*( #,)-*(-#')], (3)

The last exponential value in eq.(3) approached

ro zero [10], "-l- 
o"F ,r\=6, thereforc the'( Rr ')

polarization approxinrat ion electrochemica I is as

follows:
RTin- --- ln'"'' a,F"'if!"

The modeling of electrode activation
The electrode structure in MEA is detennined by
the thickness, hole, hole diameter, and active
surface area [13,71. The variation of the three
parameters affects the current density. At a given
thickness, hole, hole diameter and surface area, it
will show a certain value [20]. The higher
thickness value will show the lower hole. This
case also occured for a given thickness that will
show a certain hole diameter and active surface
arca [8], To obtain the corelation between
electrode properties and the hydrogen kinetic, the

RT
coefficient 

- 
in eq.(4) is ¡nodified into non

doF
dimensionless æ shown below:

,:*'? +n4 (s)' aoF E, ¡i,l:;

Theoretically, the coefficient is influenced by the
structure of electrode layer, i.e. the thickness,
hole, hole diameter, and active surface area.

# = o,(h)"'r#r"" (e)"'(s"w,)"' (6)

Y* =,, thf , to, (Ih),, "' )" (o, (*h1,, " " )" (a, {! þ¡', 
#' 

)"

An interconelation between thickness and hole
diameter, hole, and active specific surface area

117,18,201 simplified eq.(6) and defined æ
follows:

(7)
or
RTE, 

- a.¡!:-¡"* (8)
aF "'Wr'

Fufthermore the consta¡rt is introduced in eq.(5)
therfore the influence of electrode propertics on
the hydrogen reaction kinetic which stated in the
equation of kinetic performance is as follows:

n=a.(1" \"" llni- (9)
' "'llrr' E" ii,:l

To yield the various size of thickness, the
electrode on the GDL surface using spraying.
The movement with x-y coordinate is determined
lry the frequency (@), nozzle height (Wl),
distribution distance (W2), the number sprayer at
substrate (1.,1) and the speed of nozzlç movement
(S). If the nozzle height W I is direct proportional

to Ax and Ll/¡ is also required to be línear to Il/2.
'lhereforc, the nozzle movement is descriúéà as

dimensionless number and definecl in eq,( l0).

N _(S -2cay) ( l0)uhtt - 2øw'2
The CAD is adjusted with the dirnension of x, y,
n, S dan \fi. Moreover the nozle position
cluring manufacturing is controlled by adjusting
with the parameter of Nu¡r,. Each value of Nu¡',,

rvill yield electrode thickness on the GDL
surface, The corelation of thickness is defined in

eq.(l l).
t" :a oNrro-" (l l)
W,

The size of thickness (/, ) is influenced by the

spraying characteristic number (Nut,ò. The
combhring of eq.11 and eq.9 of kinetic
performance can be eryressed in eq.12,

qo(aoN,,0,,," )"" (12)
E,

4 = btnL (13)
lo

Assuming an overpotensial in MEA Dt7 = B -
¿'" . Th¡s leads to the e4rression for the cell

voltage, E": E, = E,

(l 4)

lc

b-

lnb
t,,
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where E, = reversible potential for tlte cell, å :
Tafel slope for oxygen reduction. The so-called
Tafel slope å is determined by the nature of the
electrochemical process. For the oxygen
reduction reaction ln:2, in practical fuel cells, b
is usually between 40 and 80 mV [0]. The main
factor controlling the activation over potential
and hence the cell potential, F¡ell : .8", is the
(apparent) exchange cunent density r". e¡. 14

demonstrates that, due to the ln, a tenfold
increase in ro leads to an increæe in cell potential

at the given cunent by one unit of å. lt is

irnpoftant to ernphasize this point [0.] l]. While
the Tafel slope å is dictated by the chemical

reaction (and the temperature), the value for iu

depends on reaction kinetics [21]. Thereforc, the
hypothesis of the influencc of electrode
properties on the hydrogen reaction kinetic in

fuel cell is much affected by the electrode
thickness or N¿, from the spraying method. To
demonstrate the influence on the perfomnnce of
Ir4EA, a serial of electrode manufacture was

canied out on the CDL surface.

Thc MEA manufacturc
To manufacture an electtode, PtlC (20 %)
porvder, Nafion solution (5 %), aud isoprophyl
alcohol were applied. The ratio of Pt/C anil
nafion solution is made to bc 0.7:0.3. The mtio
of Platinum and water is made to be l:20. Thesc
substances are mixed in a mixing tanl<. The
rnixing operation is canied out rvith a speed of
1200 rotations per nrinute for l0 tnittules. The
yielded ink is knorvn as the so-calletl cfltalyst
irrk, After the ink spraying on the surface of
GDL with a given y'fr¡r,, tltc nretttbn¡ne nafion
ll7 is cleaned with 3 % ll2o2 at 80oC for one
hour to oxidiz¡ the organic matter. Moreover, it
is cleaned again rvith boilecl water for one hour.
Then, cleaned again with HzSO+ 5 rvt 96 at 80oC

for one hour. This procedure is carried out to
rerìrove the ¡ron organic material which possibly

in the membrane. Furthermore, the membrane is

washed several times rvith water at 80oC until
perfectly cleaned. The layers are combined

based on the configuration of gas diffusion
anode - membrane - gas diffusion cathode
(CDEA-M-GDEK) or to be assembled into
unity. The hot pre-ssing is carried out at a

pl'cssure of 50 kgcm-2, tetnperature l30oC for 3

nrinutes. The product of this æsembly is called

¿ìs MEA. Moreover, the bipolar plate is

combined rvith MEA the so-called PEMFC, The
test oflperfomance is undertaken rvith fuel cell
test (FCT) Arbin instrument, USA. This station
is operated l¡ased on the parameter value which
its value sirnilar used for optimization of
nrathematic modeling. The machine controlling
is undeftaken via computer using MITS_Pro
softrvare. The determination of the desired

product and also the duration of cell opemtion
are also being carried out before the cell test
undertaken. During the e¡ømination, the data

vah¡e are recorded and collected automatically
by the MITS Pro softrvare. Furtltermore, the
graphs may be crcated for analysis puryose.

Rcsr¡lts an d Discussion
Fig.2 shorvs the performance of MEA starting
point lvhich is referred to commercial MEA
stanclard, 'llre arca of this MEA performance is

possibly being unclertaken in the investigation,
The line shorvs the area border of the electtode
inves tigation in this reserach. Dttring the
electrode manufactute, the spr4ying
characteristic is epressed as given belolv:

r = S1.645þ¡p(*O.SSl",r,)] (15)

The operation of the test ir¡strument using the
follorviug clata as given below:

Speed H2 , cnr3pnr

Concentmtiorr of I12 for surface ltole (C,,r:Y¡¡2 x I'o/ I'11,¡2), rnoVm3

lr,lol fi'act ion of FI2 for surfhce hole
lvfolfraction of Hz for ittner part of anode

Speed 02 for surface holc, snt3p m

Concentration ofOz ( Coz:YozxPo/ lle2), noVln3

Temperature back input H3,oK 
:

Tenperature back input O2,oK

Pressure of 02, P
Pressute of H2, Pa

Operation titne, minute,
Data input tinre, second,

Corrcenlmtion of I-12 in active laytr(C'ril)=\'ozi,'xPo/ IIo2), ntoVnt2

= 0.0003

= 0.4200

= 0,0642
= 0.6000
= 0.0006
:5.6000

= 35300
= 35300
:2.5 t}s
:2.5 105

= 30.00
: 10.000

= 0.40Ó0

ll
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= 0.6000
: 10000

= 10.000

= 0.4000

a o 
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Fig. 2 Area of electrode investigation

At previous investigation, the electrode thickness
very nruch affected the MEA perfonnance [16].
The thinner electrode made the IVf EA
performance elevated. This cæe due to gæ

reaction to produce the best proton and electron
near the membrane surface [7, 19]. I-lolvever, at
certain thickness, the perfonnance will reduce
because the reaction required enough elcctron

[221. To demonstrate this cæe, a configumtion
rvas made by making electrode on the arlo<le

surface as described in eq.(16).

GDEA¡(N,,¿¿') (l 6)

The x in the configuration of nnking A dcscribes
the nu¡nber of electrodc rescarch in the anocle
part and the iy',¿,, b the nunùer that shows tlre
various spraying movement that produced anode
thickness or1 the surface of GDL. . In lhis
investigation, the M,¿u value is plotted starting
fì'orn 0.5 to 1.75. The statiug point undertaken in
this irrvestigation applied a carbon cloth which
is wcllprepared for hole as well as surfacc using
Cabot and PTFE. This procedure caused the
starting point of this invætþation CDAI(0,5)
diflerent fiom the startirrg point Fig.2. 'the
results are shown in Fig.3. In Fig.3, the thinner
electtode or the highel Nuknt value from 0.5 to
1.75, will yield the higher MEA pefonnancc.
For lú,,¡,,, 1.75 rvill yield the highest MEA
¡rerformance. k¡.15 is substitucd iuto eq.l.l tc
obtain the cc'll voltage, .6":

Concentration of 02 in active layer ( Ctí{ :V"?^x Po/FIe2 )' tno Vm2

Change of curent dens ity in anode (i*) , Aln*
Change gf curent density (i,,,"), Al n" (I'loogers,20)

Concentration of02 in active layer ( Ci;t= Ye2¡¡xPo/ I{s2), rnol/m2

t.2

l.l
1.0

0.9

0.8-€ 
o.z

$ o.e

S o.s

0.4

0.3

0.2

0.t

0.0

E"=Er- lnL
t,,

( l7)

0 20 40 60 80 100 t20

Curent deruþ (mAcrn2)

Fig.3 The pcrformance of elctrode layer If b is

s irnp lified, s o E" :

li 
" = E,- 

",, 
(.ry(-0.55¡/,,k, )) "'u 1ni"'

lo

..(18)

,.(le)
. Iì?', /
b =+ = c,,(exp(-0.55N,¿",))"'"

l.l

t.0

0.9

^ 0.8

í o.r
b0

E 0.6
o

0.1

0.3

0.2

Eq.(19) is a Tafel slope that the value is

determined by cto and c¡¡. Value c77 shoua thc
effect of condition values that not put in the
thcory of B-V arrangement. This two values can
bc detemlined by Hooke Jeeves calculation us ing
basic program. By this calculatiorr, the Tafel
slope value of eacl, exanlination can be
determineclas listecl in Table-2
Tablc 1 lists that the thinner clectrode or thc
higher N,,¡r,, valtre, therefore the Tafel slope
value getting lower. Graphically, the change of
Tafel slopc flom the whole experiment is shorvn
in Fig,4.
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ln this investigation, the reduced thickness

caused the reduced Pt-loading. The teduction is

f'ound to be from 0.4to 0.28 gcm2. The prcviotts
approach, if the nuss-transport losses do not
increase as the Pt-loading is reduced, the change

in cell voltage as a functiort of anod PtJoading

Table2Tafels values calculation

can be describe mathematically on thc basis
kinetics [8, l0]:

aE" I

ãr"üJ|,,
(20)

aE" 
I

ãrn?"-],,,_r'

ö

-b

_ R:r
-þ=-=øF ôln 51.645

(21)

0.55¡y',,*,,,
7"¡

RT--=
d.I1

0.6

0.

.40

0.3

0.2

0.

Ìo.o
st
C)
0)

'1,

()
.Ô
E
É
,o

aËF

5

AE

I

0

01020304050

Q2)

'l'his event shorrs that the cltnnge of thiclflress at

cathoCe is morc influcnced than the changc oll
thicl$css at ia¡rocle. Iil this invcstigation, thc
cxpclinrent rvas conducted uuder loom tcfiìper¿ìture

th at res u lted lower Tafe I s lo¡re value

Conclusion
Tlre hypothesis of electrode properties on the
hydrogen reaction kinetic in firel cell is muclr
influenced by the electrocle thickness or À¡,,¿,, by
spraying method. Ftom the cliscussion of the
thickness influerrce, the tinner electlode or the higher
Nuh, lvill yield lower Tafel slope value and
apparerrtþ there is no any enhancement. At *Qlair
reactanls is not changed Lry reducing the Pt-loadhg ,

rvhich rvas shown to bc the cæe for a trvo-fold
loading reduction (fiom 0.4 to 0.28 mgPtcrn2). For a
chanse fronl 39 miklon to 20 micro or fiom 0.4
g/cnrã to 2.8 gcrn-2, it rvill shorv values of Tafel slopc
of 0.56 and 43 V.
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Fig. 4. Thc cltange of Tafol Slope

where l" denotes the catode Pt-loacling. &¡,(20) states

that the change in cell voltage with the logalithnt of
the cattrode Pt-loading (assuming tlte stlne cataþst is

used) is proportional to the T'afel-slopc. [h. (20),

again, assumes that H?air lpactants is not ,changcd
by reducing the Pt-loading pada, which rvas,shorvn to
be the case for a two-fold loading reductiotr (frorn 0.4

to 0.2 mgRcm2¡, For a Tafel-slope of 70 ln\¡decacle-
I at 80C, a loading reductiott is thm predicted to lend

to a voltage loss across the entirc curent clensity

range of 20 or 40 ffiV, respectively. In tltis
investigation, the examination rvas abotrt llte cltlngc
in Pt-loading fbr anodc. At the change in lhicknrss
fionr 39 uriçron to 20 r¡ricto¡r orfì'oln 0.4 to 2.8 gcrrr-
2, it rvill sliorv 0.56 and 43 r/.

Tafel slope

b = #= cr r (e,rp(-0.55N,,¿,,,))"''

lVdecacle'2)

Spraying
movernent N,,¿,,

th ickness
te

(micron)

Configuration of
e lectr ode preparatiott
GDEA*(N,,r,,)

0.56 50.50 39GDUAr(0.50)
0.s220.'ts 34GDEAz(0.75)
0.51 lL00 29GDEAr(1.00)

25 0.4'tlcDEA,fl.25) 1.2,5

20 0.43 5GDEA<fl.75) L',l5
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