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Abstract

A computational simulation was conducted by using a one-dimensional isothermal model for an alkaline fuel cell
(AFC) single cell to investigate in¯uences of the thicknesses of the separator, catalyst layer, and gas-di�usion layer
in an AFC. The cell polarizations were predicted at various thicknesses and their in¯uences were also analysed.
Thickening the separator layer decreased the limiting current density and increased the slope of the ohmic
polarization region. Investigation on the thickness of the anode catalyst layer showed that the optimum thickness
varied between 0.04±0.15 mm according to the cell voltage. The thickness of the cathode catalyst layer signi®cantly
in¯uenced the cell performance. Also, a limitation of thickness e�ect in the cathode catalyst layer was observed. This
limitation was considered to be caused by the mass transfer resistance of the electrolyte.

List of symbols

ag speci®c area of gas-electrolyte interface (cmÿ1)
al speci®c area of catalyst-electrolyte interface

(cmÿ1)
Ci concentration of species i (mol cmÿ3)
Di free stream di�usivity of species i (cm2 sÿ1)
Di e�ective di�usivity of species i (cm2 sÿ1)
E electrical potential of electrode (V)
Ecell applied single cell voltage (V)
F faradayic constant (96 485 C molÿ1)
Hi Henry's constant of species i (mol cmÿ3 atmÿ1)
I current density of single cell (A cmÿ2)
IL limiting current density of single cell (A cmÿ2)
i local current density (A cmÿ2)
io exchange current density (A cmÿ2)
L thickness of layer (cm)
Ni molar ¯ux of species i (mol cmÿ2 sÿ1)
n number of electron transferred
Pi partial pressure of species i (atm)
qi reaction order of species i
R ideal gas constant (8.31451 J molÿ1 Kÿ1)
Re

i electrochemical reaction rate of species i
(mol cmÿ3 sÿ1)

Rp
i mass transfer rate of species i across phase

boundary (mol cmÿ3 sÿ1)
Rohm slope of polarization curve in ohmic polariza-

tion region (X cm2)
si stoichiometric coe�cient of species i
T temperature (K)
t time (s)
U open-circuit potential (V vs NHE)

ui mobility of species i (mol cm2 Jÿ1 sÿ1)
ui e�ective mobility of species i

(mol cm2 Jÿ1 sÿ1)
v volume average velocity (cm sÿ1)
yi vapour phase molar fraction of species i
z spatial coordinate (cm)
zi charge number of species i

Greek symbols
aa apparent anodic transfer coe�cient
ac apparent cathodic transfer coe�cient
d thickness of electrolyte ®lm (cm)
� porosity
f dimensionless spatial coordinate
g local overpotential (V)
j electrical conductivity (S cmÿ1)
je ionic conductivity of electrolyte (S cmÿ1)
r e�ective electrical conductivity (S cmÿ1)
s tortuosity
U solution phase potential (V)

Superscripts
a anode
c cathode
g gas phase
` liquid phase
e electrochemical reaction
r reference condition
p mass transfer across a phase boundary
TF PTFE
s electrically conductive solid phase
h standard condition
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1. Introduction

Thicknesses of separator, catalyst layer and gas-di�u-
sion layer of fuel cells are known to a�ect cell
performance. The performance of alkaline fuel cells
(AFC) is also a�ected by these thicknesses. Although
the e�ects of separator and gas-di�usion layer
thicknesses are not known in detail, there have been
many experimental or simulation investigations on the
in¯uences of the catalyst layer thickness in single
electrodes for AFC [1±11]. Therefore, the in¯uences of
the catalyst layer thickness on the single electrode for
AFC are relatively well known. However, by using only
the results from the studies on single electrodes, it is
di�cult to correctly predict the performance variation
of a single cell when the thickness is altered, because,
within the single cell, the interactions between the layers
are complicated, as shown by Kimble [12]. Further-
more, since the separator is commonly not taken into
account in a single electrode model, it is almost
impossible to predict its in¯uence by using the single
electrode model. A prediction using a single cell model
can help to overcome such problems. Hence, develop-
ment of a single cell model is necessary in order to study
the e�ects of each layer thickness.
By using the simulation it is possible, not only to

obtain the predicted cell polarization when a cell
parameter is varied, but also to investigate the reason
for the variation in the cell performance. Thus, a study
on the e�ects of each layer thickness was conducted by
using the one-dimensional single cell model developed in
our previous work [13], where an `orbiter fuel cell' of
IFC (International Fuel Cell Corp.) was considered as a
base-case model.

2. Description of system

The AFC single cell considered consisted of ®ve layers:
anode gas-di�usion layer, anode catalyst layer, separa-
tor layer, cathode catalyst layer and cathode gas-
di�usion layer. A schematic diagram of the cell is
shown in Figure 1. A detailed description of the model
and basic phenomenon of an AFC is given elsewhere
[13].
In the anode catalyst layer, dissolved hydrogen reacts

electrochemically with hydroxide ions on anode catalyst
surfaces, as follows:

H2 � 2OHÿ ! 2H2O� 2 eÿ �1�

The electron generated by the above reaction leaves the
cell, then travels toward the cathode.
In the cathode catalyst layer, dissolved oxygen reacts

electrochemically with water by the following reaction,

O2 � 2H2O� 4 eÿ ! 4OHÿ �2�

The hydroxide ion produced by the above reaction
penetrates the separator, then reaches the anode catalyst
layer.
From Equations 1 and 2 the overall reaction in an

AFC is

H2 � 1

2
O2 ! H2O �3�

3. Mathematical modelling

Each layer of the cell was considered as a homogeneous
continuum. This assumption is based on the macro-
scopic model presented by Newman and Tiedemann
[14].
For a porous medium, the equation of continuity for

species i can be written in general form as

@�Ci

@t
� ÿr � Ni � Rp

i � Re
i �4�

where � is porosity, t is time and Ci and Ni refer to the
concentration and molar ¯ux of species i, respectively.

Subscripts
a anode
c cathode
CL catalyst layer
aCL anode catalyst layer
cCL cathode catalyst layer
e electrolyte
GDL gas-di�usion layer
aGDL anode gas-di�usion layer

cGDL cathode gas-di�usion layer
H H2

i species i
j species j
O O2

SEP separator layer
w H2O
+ cation(K�)
ÿ anion(OHÿ)

Fig. 1. Schematic diagram of an AFC single cell.
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Rp
i and Re

i indicate mass transfer rate across a phase
boundary and electrochemical reaction rate of species i
per unit volume of the electrode, respectively.
In the gas phase, the Stefan±Maxwell equation can be

employed for Ni,

r � yi �
X

j

RT
PDg

ij
�yiN

g
j ÿ yjN

g
i � �5�

where R is the gas constant, T is temperature and P is
total pressure. The superscript `g' indicates gas phase. yi

and Dg
ij refer to gas phase mole fraction of species i and

gas phase e�ective di�usivity of species i in j, respec-
tively.
In the liquid phase, the Nernst±Planck equation can

be employed for Ni:

Nl
i � ÿDl

ir � Ci ÿ ziuiFCir � U� Civ �6�

where F is Faraday's constant and U is the solution
phase potential. Dl

i ; zi and ui indicate liquid phase
e�ective di�usivity, charge number, and e�ective mo-
bility of species i, respectively. The superscript l in Nl

i
and D`

i represents the liquid phase. The e�ective
di�usivity, Di, is related with free stream di�usivity,
Di, porosity, �, and tortuosity, s, as follows:

Di � �Di

s
�7�

Similarly, the e�ective mobility, ui, can be expressed as

ui � �
lui

sl
�8�

If equilibrium is assumed at a gas±electrolyte interface,
the mass transfer rate across the phase boundary, Rp

i ,
can be approximately described as

Rp
i � ÿagDl

i
HiPi ÿ Ci

d

� �
�9�

where ag is speci®c area of gas±electrolyte interface, Hi is
the Henry's law constant of species i and d is the
thickness of electrolyte ®lm on catalyst surface. In the
above equation, the minus sign in front of ag indicates
that species i goes out across a phase boundary. Hence,
if species i come into current phase from the other, this
sign will be changed to plus.
The electrochemical reaction rate per unit volume, Re

i ,
can be represented as,

Re
i � ÿ

siali
nF

�10�

where al is the speci®c area of catalyst±electrolyte
interface and n is the number of electrons transferred.
The stoichiometric coe�cient of species i, si, is given by
expressing an electrochemical reaction in the form

X
i

siM
zi
i ! neÿ �11�

The local current density, i, is described by the Butler±
Volmer equation,

i � io
Y

i

Ci

Cr
i

� �qi

exp
aaF g
RT

� �"

ÿ
Y

j

Cj

Cr
j

 !qj

exp ÿ acF g
RT

� ��
�12�

where io is exchange current density, Cr
i is concentration

of species i at a reference condition, and qi is reaction
order of species i. aa and ac are apparent anodic and
cathodic transfer coe�cients, respectively. The local
overpotential, g, is given by

g � E ÿ Uÿ U �13�

where E is the electrical potential at the electrically
conductive solid phase U is theoretical open-circuit
potential at a given concentrations and U is the solution
phase potential. U is given by

U � U h ÿ RT
nF

X
i

si ln
Ci

Ch
i

� �
�14�

where U h is the theoretical open-circuit potential evalu-
ated at standard concentrations, Ch

i , and temperature, T .
In a porous electrical conductive medium, the ohmic

drop can be described by Ohm's law.

r � E � ÿ 1

r
�15�

where I is total current density. The e�ective electrical
conductivity, r, is related to the bulk electrical conduc-
tivity, j, volume fraction of electrically conductive solid
phase, �s, and tortuosity of the phase, ss as follows:

r � �
sj
ss

�16�

�s is associated with �g, �l, and volume fraction of PTFE,
�TF, as follows:

�g � �l � �s � �TF � 1 �17�

These general equations were employed to describe each
layer. A more detailed description of the governing
equations in each layer is given in previous work [13].

4. Model parameters

The entire base-case model parameters and correlations
used in the present study can be found in our previous
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work [13], and some of the parameters are listed in
Table 1. The orbiter fuel cell, which is considered as the
base-case model in the present study, is operated
typically at 80 �C and 4.1 atm with 7 M KOH solution.
Hence, these were considered as the base-case operating
conditions for this work. During the variation of one
parameter, another was ®xed to the base-case value.

5. Method of solution

The model developed in our previous work consists of
total 11 variables, 25 governing equations and 38
internal and outer boundary conditions. The governing
equations and boundary conditions were discretized by
using second-order and ®rst-order ®nite di�erence
schemes, respectively. The resulting ®nite di�erence
approximations have a banded matrix structure, which
can be solved by Newman's BAND algorithm [15].

6. Results and discussions

6.1. In¯uence of separator layer thickness

It is generally known that an increase in separator
thickness LSEP diminishes the cell performance, espe-
cially in the ohmic polarization region, thus the sepa-
rator has to be as thin as possible. Figure 2, which
shows an increase in the slope of the ohmic polarization
region with increase in LSEP, is consistent with such a
fact. Simultaneously, it should be noted that Figure 2
represents a decreasing limiting current density IL with
increasing LSEP. A similar result has been reported by
Kimble and White [16]. It is accepted in general that IL is
not a function of separator properties as long as the
rate-determining step is not in the separator. Since in the
present model the rate-determining step at IL exists in
the cathode catalyst layer as shown previously [13], the
decrease in IL is di�cult to understand. Thus we
investigated whether the rate-determining step shifted
from the cathode to the separator when LSEP was varied.
However, any evidence to prove the shift, for example,
such as the existence of a region where electrolyte

concentration Ce is very close to zero in the separator at
IL, was not found. Hence, the distribution of Ce through
the cell was also investigated at IL because a variation of
Ce distribution can a�ect IL. Note that the liquid phase
di�usivities and solubilities of dissolved gases are
functions of Ce.
Figure 3 illustrates the distribution of Ce at Ecell of

0.6 V which corresponds to IL. Figure 3 also shows that
Ce within the cathode catalyst layer increases with
increasing LSEP. It should be noted that an increase in Ce

leads to a decrease in the liquid phase di�usivities and
oxygen solubilities [17±19]. Hence, the decrease in IL is
considered to result from an increase in Ce within the
cathode catalyst layer.
Figure 4 represents the slope of the ohmic polariza-

tion region Rohm as a function of LSEP. From this ®gure,
it is con®rmed that thickening of the separator increases
Rohm linearly. However, it is questionable whether the
increase in Rohm is due solely to an increase in ohmic
drop within the separator layer, since a variation of IL,
as shown in Figure 2, can a�ect the value of Rohm [20].
Hence, the ohmic drop within the separator layer DUSEP

was investigated as a function of LSEP, as shown in

Table 1. Some of the base-case parameters

Parameter

(unit)

Gas-di�usion

layers

Catalyst

layers

Separator

layer

L/cm 0.025 0.005 (anode)

0.010 (cathode)

0.005

�g 0.7 0.1

�` 0.6 0.8

�s 0.2 0.2

s 1.2 1.2 1.0

ag/cm)1 7.0 ´ 103

a`/cm)1 2.4 ´ 105

d/cm 5.0 ´ 10)5

io/A cm)2 5.0 ´ 10)4 (anode)

5.0 ´ 10)8 (cathode)

Fig. 2. In¯uence of separator thickness on polarization of AFC. LSEP:

(Ð±) 0.05, (± ± ± ±) 0.10, (� � � �) 0.20 and (± � ± � ±) 0.30 mm.

Fig. 3. Distribution of electrolyte concentration at several separator

thicknesses. LSEP: (Ð±) 0.05, (± ± ± ±) 0.10, (� � � �) 0.20 and (± � ± � ±)
0.30 mm.

1026



Figure 5. A linear relationship between DUSEP and LSEP

was obtained, and the measured slope of the line
was about 68.9 mV mmÿ1. This value corresponds to
0.0689 X cm2 mmÿ1 at 1.0 A cm ÿ2, while the slope in
Figure 4 was about 0.1373 X cm2 mmÿ1. This suggests
that 50.2% of the increase in Rohm is attributable to the
increase in DUSEP. On the other hand, the remaining
49.8% is believed to be caused by the increase in mass
transfer resistance of dissolved oxygen when the de-
crease in IL, according to the increase in LSEP, is taken
into account.

6.2. In¯uence of catalyst layer thickness

The in¯uence of the thickness of the catalyst layer, LCL,
is expected to be very signi®cant, since the apparent
reaction area and the apparent gas±electrolyte interface
area of the catalyst layer are proportional to LCL. In
most cases, therefore, an increase in LCL results in a
linear increase in I , which is the `thickness e�ect' [5], in
all polarization regions. The increase in LCL is expected
particularly to cause a decrease in Rohm and an increase
in IL. However, this expectation would be valid only for
a single electrode, not for a single cell, since in a single

cell complex interactions between layers may occur by
thickening a catalyst layer.

6.2.1. Anode catalyst layer
Figure 6 illustrates the polarization curves as a function
of the thickness of the anode catalyst layer LaCL. When
LaCL is increased a decrease in IL is observed with no
large variation in the activation and ohmic polarization
region. This result is considerably di�erent from the
expectation, since an increase in LaCL is expected to
enhance the cell performance. In particular, the decrease
in IL is not readily comprehensible, because the rate-
determining step is in the cathode catalyst layer.
However, like the case of the separator, if an increase
in LaCL causes an increase in Ce within the cathode
catalyst layer, this tendency can be understood. There-
fore, the Ce distribution at 0.6 V was investigated. Note
that Ecell of 0.6 V corresponds to IL as shown in
Figure 6. In Figure 7, an increase in Ce in the cathode
catalyst layer can be clearly seen as LaCL increases. Thus
the decrease in IL is attributable to the increase in Ce in
the cathode catalyst layer, which yields a decrease in the

Fig. 4. In¯uence of separator thickness on slope of ohmic polarization

region.

Fig. 5. In¯uence of separator thickness on ohmic drop in the separator.

Fig. 6. In¯uence of thickness of anode catalyst layer on the polariza-

tion of AFC. LaCL: (Ð±) 0.05, (± ± ± ±) 0.10, (� � � �) 0.20 and (± � ± � ±)
0.30 mm.

Fig. 7. Distribution of electrolyte concentration at several thicknesses

of anode catalyst layer. LaCL: (Ð±) 0.05, (± ± ± ±) 0.10, (� � � �) 0.20 and

(± � ± � ±) 0.30 mm.
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solubility and liquid phase di�usivity of dissolved
oxygen.
Figure 8 shows I as a function of LaCL at various Ecell.

I at 0.6 V, which is not shown in Figure 8, coincides
with that at 0.7 V. As shown in Figure 8, the maximum
in I is observed at LaCL of about 0.15, 0.07 and 0.04 mm
for Ecell of 0.9, 0.8 and 0.7 V, respectively, while the
distinct maximum cannot be found at 1.0 V. In Fig-
ure 8, the decrease in I with increase in LaCL on the right
part of the maximum is thought to be caused by an
increase in mass transfer resistance of dissolved oxygen
when the decrease in IL is taken into account. However,
a dramatic decrease in I on the left part of the maximum
can be seen with thinning of the anode catalyst layer.
This seems to be caused by decreases in the apparent
reaction and gas±electrolyte interface area of the anode
catalyst layer due to the decrease in LaCL. Especially, due
to the extremely low apparent gas±electrolyte interface
area of the anode catalyst layer on the left part, a shift in
the rate-determining step at IL from the cathode to the
anode is expected. This is con®rmed in Figure 9, which
illustrates the distributions of dissolved gases at IL when
LaCL is 0.02 mm. Unlike the case of the concentration of
dissolved oxygen, CO, the concentration of dissolved
hydrogen CH is seen to be close to zero. This suggests
that the rate-determining step at IL shifted from the
cathode to the anode as expected. Therefore, if the case
with 0.7 V in Figure 8 is taken into account, it is
concluded that when LaCL is smaller than about
0.04 mm the rate-determining step at IL exists in the
anode, not in the cathode. It is also considered that the
decrease in I on the left part of the maximum in Figure 8
is caused mainly by an increase in the mass transfer
resistance of dissolved hydrogen due to the extremely
low apparent gas±electrolyte interface area of the anode
catalyst layer.

6.2.2. Cathode catalyst layer
Because the activation and concentration polarization
region are dominated by the cathode as con®rmed in our
previous study [13], altering the thickness of the cathode

catalyst layer LcCL is expected to a�ect the cell perfor-
mance considerably. Figure 10 indicates the validity of
this expectation. Unlike the case of the anode catalyst
layer, a large enhancement in the cell performance in all
polarization regions with increase in LcCL can be seen.
This enhancement is made clearer by showing the power
density of the cell. According to Figure 10, the power
densities at 0.8 V are 0.93, 1.59, 2.35 and 2.83 W cmÿ2

at 0.05, 0.10, 0.20 and 0.30 mm in thickness, respectively.
This suggests that the power density of about 3 W cmÿ2,
which is nearly two times larger than that of the base-
case, can be obtained merely by increasing LcCL to
0.30 mm.
Figure 11 illustrates the in¯uence of LcCL on I at

various Ecell. Considerable increases in I as LcCL in-
creases are observed at most values of Ecell. In partic-
ular, the case with 1.0 V in Figure 11 shows a steady
increase in I with thickening cathode catalyst layer. This
indicates that the kinetic activity of the cathode is
enhanced with increase in LcCL. Note that the cathode
dominates the activation polarization region of the
polarization curve of the present single cell model, as
mentioned above.

Fig. 8. E�ect of thickness of anode catalyst layer on current density at

various cell voltages.

Fig. 9. Distribution of dissolved gases concentration at 0.7 V when

thickness of anode catalyst layer is 0.02 mm.

Fig. 10. In¯uence of thickness of cathode catalyst layer on polariza-

tion of AFC. LcCL: (± ± ± ±) 0.05, (Ð±) 0.10, (� � � �) 0.20 and (± � ± � ±)
0.30 mm.
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In the cases with 0.7 and 0.6 V in Figure 11, I
increases almost linearly with thickness of the cathode
catalyst layer up to ca. 0.45 mm, and reaches an upper
limit beyond 0.45 mm. In spite of the di�erences in the
operating condition and the electrode structure etc., a
similar tendency was found elsewhere [3, 5, 9, 16]. In the
literature, it has been reported that such phenomenon,
the so called `limitation of thickness e�ect', can be
caused by gas phase di�usional resistance [9], di�usion
[5] and migration [3] resistance of the electrolyte or high
electrolyte concentration in the cathode [16], which
causes a low solubility and liquid phase di�usivity of
oxygen. Unfortunately, most of the studies mentioned
above are for a single electrode except for that of
Kimble and White [16]. By using numerical simulation,
Kimble and White have already shown that the limita-
tion of thickness e�ect can also occur in a single cell.
If interactions between the electrodes, as shown in

the case of LaCL, are taken into account, a possibility of
a shift of the rate-determining step at IL from the
cathode to the anode could be considered as another
reason for the limitation of thickness e�ect. It should
be noted that a considerable decrease in the di�usional
resistance of the dissolved oxygen due to an increase in
LcCL can lead to a shift in the rate-determining step
toward the di�usion of dissolved hydrogen within the
anode, since the di�usion resistance of the hydrogen is
expected to be constant during the increase in LcCL. If
the liquid phase di�usion of the dissolved hydrogen
becomes the rate-determining step, IL will not vary with
increase in LcCL.
To identify the reason for the limitation of thickness

e�ect in this cell, the shift in the rate-determining step, as
mentioned above, was investigated preferentially. If the
shift occurs at the upper limit of 0.6 or 0.7 V in
Figure 11 as the cathode catalyst layer is thickened, CH

within the anode catalyst layer is expected to be close to
zero. Figure 12 shows the distribution of CH and CO at
the upper limit. As shown in Figure 12, unfortunately,
CH is much higher than CO, which is not the expected
result. This shows that the shift in the rate-determining
step does not occur and the di�usion of dissolved

oxygen is still the rate-determining step at the upper
limit.
Secondly, the gas phase di�usion of oxygen was

investigated under the same conditions to ®nd whether
this step is critical or not. However, the partial pressure
drop of oxygen throughout the cathode catalyst layer is
only ca. 0.229 atm as shown in Figure 13. Thus the gas
phase di�usion does not seem to be the reason for the
limitation of thickness e�ect either.
Di�usion of the electrolyte was also investigated.

Figure 14 illustrates the distribution of Ce throughout
the catalyst layers and the separator. As shown in the
Figure the di�erence in Ce only within the cathode
catalyst layer is nearly 5.8 M. This is a surprisingly large
value. Hence, the diffusion of the electrolyte is consid-
ered as one of the reason for the limitation of thickness
effect. It is also apparent that Ce within most regions of
the cathode catalyst layer, except near the separator, is
much higher than the initial electrolyte concentration,
7.0 M. For instance, Ce at the interface between the
cathode catalyst layer and the cathode gas-diffusion
layer is as much as about 9.2 M. Therefore, it is
considered that decreases in the solubility and diffusivity
of the dissolved oxygen due to the high Ce also occur

Fig. 11. E�ect of thickness of cathode catalyst layer on current density

at several cell voltages.
Fig. 12. Distributions of dissolved gases at 0.6 V, when thickness of

cathode catalyst layer is 0.6 mm.

Fig. 13. Distribution of oxygen partial pressure in cathode at 0.6 V,

when thickness of cathode catalyst layer is 0.6 mm.
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simultaneously, similar to the case of Kimble and
White's study [16].
Additionally, the reason that the shift in the rate-

determining step did not occur at the upper limit may be
found in Figure 14. As shown, increasing LcCL to
0.6 mm results in a considerable dilution of the electro-
lyte in the anode catalyst layer. This dilution implies an
increase in the solubility and di�usivity of dissolved
hydrogen within the layer, since a decrease in Ce

increases the solubility and di�usivity of the hydrogen
[17, 18]. That is, the di�usional resistance of the
dissolved hydrogen within the anode decreases together
with the decrease in di�usional resistance of the dis-
solved oxygen when LcCL increases. Note that the shift in
the rate-determining step from the cathode to the anode
can occur when the di�usional resistance of the dis-
solved hydrogen is greater than that of the dissolved
oxygen. It is, therefore, considered that the signi®cant
decrease in Ce within the anode, as shown in Figure 14,
inhibits the shift in the rate-determining step.
Migration in the electrolyte was also investigated. As

illustrated in Figure 15, the potential drop in the
electrolyte within the cathode catalyst layer is as much

as 105 mV. This value corresponds to approximately
one quarter of the total polarization. Hence, the
migration resistance of the electrolyte is also thought
to be signi®cant.
Consequently, the mass transfer resistance of the

electrolyte seems to lead to the limitation of thickness
e�ect with respect to LcCL in the AFC.

6.3. In¯uence of gas-di�usion layer thickness

In¯uences of the thicknesses of the anode and cathode
gas-di�usion layer, LaGDL and LcGDL, respectively, were
also investigated by varying the thickness from 0.05 to
0.55 mm. However, no noticeable variation in the
polarization curve was found in this thickness range.
This is considered to be attributable to the large
di�usivities of gaseous hydrogen and oxygen. Thus,
the gas phase resistances in both gas-di�usion layers are
small. In AFC oxygen electrodes, there have been
several reports that LcGDL causes a signi®cant variation
in IL [6, 9]. This is attributable to the possible non-
uniform structure of the gas-di�usion layer, which can
lead to a larger di�usional resistance of gaseous oxygen
at the same porosity.

7. Conclusions

We investigated in¯uences of the thicknesses of the
separator, two catalyst layers and gas-di�usion layers on
the performance of the AFC single cell by using a
numerical simulation. Thickening the separator layer
caused a decrease in the limiting current density and an
increase in the slope of the ohmic polarization region.
Decrease in the limiting current density was attributable
to an increase in the electrolyte concentration within the
cathode catalyst layer. It was also found that the
increase in ohmic drop within the separator occupied
nearly a half of the increase in slope of the ohmic
polarization region when the separator thickness was
increased.
Investigation of the thickness of the anode catalyst

layer showed that there were optimum thicknesses in the
range 0.04±0.15 mm, according to the cell voltage.
Increasing the anode catalyst layer thickness resulted
in a rise in electrolyte concentration in the cathode
catalyst layer; thus the limiting current density was
diminished. A shift in the rate-determining step at the
limiting current density from the cathode to the anode
was also found when the thickness of the anode catalyst
layer was below 0.04 mm.
Thickness of the cathode catalyst layer in¯uenced the

cell performance signi®cantly. Simultaneously, a limita-
tion of thickness e�ect was also observed and considered
to be caused by the mass transfer resistance of the
electrolyte.
Although the in¯uence of the gas-di�usion layer

thickness was also investigated, no noticeable variation
in the cell performance was found.

Fig. 14. Distribution of electrolyte concentration at 0.6 V, when

thickness of cathode catalyst layer is 0.6 mm.

Fig. 15. Distribution of solution phase potential at 0.6 V, when

thickness of cathode catalyst layer is 0.6 mm.
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