
  

  
Abstract—This study presents an optimal combination of 

flow field channels, gas diffusion layers, and catalyst layers for 
proton exchange membrane fuel cell to achieve the highest 
electrochemical performance. A flow field plate with serpentine 
and straight channels machined is used to assemble in the 
reference unit cell for the study. In the beginning, a result of 
randomly chosen four MEAs from twenty-five samples is shown 
to distinguish the systematic patterns from random variation. 
Four combinations of different areas of flow field channels, gas 
diffusion layers, and catalyst layers are tested further, and 
discussed the issues of the performance affection. Under the test 
condition of providing hydrogen and oxygen, the performance 
of the optimal combination is 1.07 W/cm2, which is two times 
higher than that of the worst one (0.51 W/cm2). 
 

Index Terms—Catalyst layer, flow field channel, gas diffusion 
layer, fuel cell. 
 

I. INTRODUCTION 
Fuel cells are devices or systems which can convert the 

chemical energy of hydrogen and oxygen into electricity 
directly, and generate only heat and water [1]-[4]. With the 
advancement of technology and the rise of human 
environmental awareness, fuels cell have become one of the 
potential renewable energy, including solar cell, wind turbine 
energy, biomass, and so on. The theory and the reaction of 
fuel cells are quite simple and their reactants and products are 
environmental friendly. However, there are still many 
challenges which need to be overcome for the profit-making 
application. Half a century ago, proton exchange membrane 
fuel cell has been used as a power system in the space project. 

Due to the high cost, fuel cells are not broadly applied in 
our daily life. In recent years, each component and material 
of fuel cells are technical breakthroughs and cost down. Fuel 
cells are being noticed and developed again. Fuel cells related 
products are gradually commercialized and can be purchased 
easily [5]-[7]. 

Among many types of fuel cells, proton exchange 
membrane fuel cell (PEMFC) is the most mature and well 
developed, such as for portable devices, small power 
generators, and transportations and so on. The key 
component of proton exchange membrane fuel cell, 
membrane electrode assembly (MEA), is called the heart of 
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PEMFC. Many researches discuss how to reach the 
maximum performance by using the minimum resources to 
avoid wastes. Bayrakceken et al. [8] improved the resistance 
between the proton exchange membrane and catalyst layers. 
The current researches focusing on reducing the noble 
catalyst loading are widely developed to achieve the highest 
electrochemical performance [9]-[13]. 

In this study, we focus on the geometrical combinations 
from three layers. The final goal is to design an optimal 
PEMC and to obtain the highest performance with less fuel 
and volume waste. 

 

II. EXPERIMENTAL 

A. Materials 
All materials were used in the study without any further 

treatment, as-received. Dupont Nafion® NRE212 (50 µm) 
membranes and Nafion® solution – DE520 were purchased 
from Dupont Taiwan agent: Tension Energy Inc. Platinum, 
nominally 50%, on carbon black (50 wt% Pt/C Johnson 
Matthey HiSpecTM) purchased from Alfa-Aesar®was mixed 
in Nafion solution to form the. One type of commercial GDL 
was used in the study, Sigracet SGL 10BC (415 µm) which 
exhibited the best performance for PEMFC [14], and a 
silicone gasket (thickness: 250 µm, hardness: 50o shore A), as 
sealant, was chosen to match the compressed thickness of 
GDL after the process of hot pressing in the unit cell 
combination. 

B. Membrane Electrode Assembly Fabrication 
There are several methods to coat catalyst ink on the 

surface of a membrane or GDL, such as ultrasonic-sprayed, 
air-sprayed, brush-coated, and ink-transferred from PTFE 
sheet. In the study, air-sprayed method was used to achieve a 
high quality of MEAs. Moreover, the technique of the gas 
diffusion electrodes (GDEs) was used in this study because 
the fabrication process is simpler and time saving than the 
process of catalyst coated membranes (CCMs). 

The catalyst ink was prepared by using 50 wt% of Pt/C 
instead of 20 wt% which most journals were used [15]. The 
two main reasons are: first, 20 wt% Pt/C is difficult to 
well-dispersed owing to our expected Pt loading, 0.4 mg/cm2. 
The catalyst ink would need to be diluted by isopropyl 
alcohol or other solvents; second, to achieve the Pt loading, 
spraying 20 wt% Pt/C catalyst ink takes more time than that 
of using 50 wt% Pt/C. Here we only report the optimal 
combinations among these components, thus the Pt loading 
would not be our point in this study. The combination 
presented here is able of being applied to any concentration 
of the Pt loading, Catalyst inks were prepared by mixing the 
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commercial 50 wt% Pt/C, Nafion solution (5 wt%) 
ultrasonically (45 kHz ultrasonic bath, 200 W max ultrasonic 
power, 30 min) with appropriate amount of isopropyl alcohol, 
and a few deionized water. Deionized water needs to be 
added first to moisturize the 50 wt% Pt/C which would react 
and burn when contact to Nafion solution or isopropyl 
alcohol if it is dry. The ratio of 50 wt% Pt/C to Nafion was 
typically 25% to 75% by weight. Before spraying, the GDLs 
were put on a stainless steel coated chromium plate and then a 
mask with a designed open area was cut in the center on the 
top of the GDLs. The open area was as the same as the active 
area for air-spraying the catalyst ink. The chromium coated 
stainless steel plate and the GDLs were heated up at 
approximate 90℃ to vaporize the unnecessary solvents. The 
catalyst inks were air-sprayed onto at the GDLs at certain 
catalyst loading of 0.4 mg/cm2 as GDEs. The last step of 
MEAs fabrication was prepared by hot-pressed at 140℃ for 
120s under a pressure of 2.0 Mpa. 

C. Testing 
In the study, the composite flow field plates with the 

serpentine and straight channels machined were used as 
shown in Fig. 1. On one hand, the composite flow field plates 
can extend the fueling time inside the channels to enhance the 
efficiency. On the other hand, water in the cathode side could 
be drained out easily. The oxygen gas can flow in to react 
with the catalyst. The active area of the composite flow field 
plate is 5.6 cm x 5.6 cm. The four combinations of flow field 
channels, gas diffusion layers, and catalyst layers are listed in 
Table I in details. 

 
Fig. 1. The CAD drawing of composite flow field plate. 

 
Four MEAs were assembled in the reference unit cell and 

set up on the commercial fuel cell test station. The proton 
exchange membrane fuel cell tests were all operated at 70℃ 
and 100% relative humidity with ambient pressure on anode  
and cathode sides. The fuels were given H2 and O2 (1.5 and 
2.0 stoichiometries) respectively. All polarization curves 
were measured until the current of each MEA was stable at 
constant voltage (0.6 V) activation. 

D. Performance of Replicate Samples 
To distinguish systematic patterns from a chance or 

random variation, we randomly chose 4 MEAs from 25 
samples at a platinum loading of 0.4 mg/cm2 to testify the 
uniformity of our process and air spraying skill [16]. The 
areas of flow field channels, gas diffusion layers, and catalyst 
layers are all the same (5.6 cm x 5.6 cm). Fig. 2 shows the 
polarization curves of four MEAs coated with GDEs method. 
The peak power densities are 0.989, 0.993, 0.987, and 0.967 
W/cm2 operated at 65℃ and 100% relative humidity with H2 

and O2 fueling, means that the uniformity of each MEA is 
within 3%. 

  
Fig. 2. Polarization and power density curves of 4 random MEAs coated 

with GDEs method at a platinum loading: 0.4 mg cm-2 at the anode and 
cathode. [16] 

 
TABLE I:  FOUR DETAILED COMBINATIONS (UNIT: CM × CM) 

Flow field channels Gas diffusion layers Catalyst layers 

A 5.6 × 5.6 5 × 5 5 × 5 

B 5.6 × 5.6 6 × 6 6 × 6 

C 5.6 × 5.6 5.6 × 5.6 5.6 × 5.6 

D 5.6 × 5.6 6 × 6 5 × 5 

E. The Performance of the Four Combinations 
The polarization and power density curves of the four 

combinations were shown in Fig. 3. The detailed analysis and 
explanation for each combination were discussed in the 
following section. 

 
Fig. 3. Polarization and power density curves. the peak power density of the 
optimal combination was 1.07 W/cm2 at 0.48 V for combination D. for the 
worst combination (A), the peak power density was 0.51 W/cm2 at 0.39 V. 

F. Flow Field Channels: Gas diffusion layers: Catalyst 
Layers = 5.6 × 5.6: 5 × 5: 5 × 5 (cm × cm) 
In this combination, the area of gas diffusion layers and 

catalyst layers are smaller than that of flow field channels. 
While assembling, there is an approximate 2 mm gap 
between the gas diffusion layer and the silicon gasket because 
of handiwork. Hydrogen is highly active. During the test, 
hydrogen was supplied from the lower inlet. However, 
hydrogen didn’t follow the flow field channels which we 
designed for gas flow to extend the fueling time in the unit 
cell. It flew out quickly from the lower inlet to the higher 
outlet via the gap as shown in Fig. 4. The shorter time of the 
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fuel gas staying inside the channels provided the lower 
electrochemical performance of the cell. The peak power 
density of the combination A is 0.51 W/cm2 at the voltage of 
0.39 V. 
 

 
Fig. 4. There is an approximate 2mm gap between the gas diffusion layer and 

the silicon gasket. It’s a reasonable error while assembling by hand. 

G. Flow Field Channels: Gas Diffusion Layers: Catalyst 
Layers = 5.6 × 5.6: 6 × 6: 6 × 6 (cm × cm) 
In combination B, the area of gas diffusion layers and 

catalyst layers are bigger than that of flow field channels. 
Even though that hydrogen couldn’t flow out via the gap, the 
performance was not the optimal because of the catalyst 
waste. The total current/power is higher than that of others. 
However, the catalyst at the edge of the flow field channels 
cannot react with hydrogen/oxygen well. In this case, the 
current/power density is smaller than that of the total 
current/power is similar because of the bigger active area. 
The peak power density of the combination B is 0.69 W/cm2 
at the voltage of 0.48 V 

H. Flow Field Channel: Gas Diffusion Layers: Catalyst 
Layers= 5.6 x 5.6: 5.6 x 5.6: 5.6 x 5.6 (cm x cm) 
In theory, the performance of the same areas of the three 

layers should be the most efficient. However, an issue should 
be discussed. The accuracy of the assembly is difficult in the 
combination. If the gas diffusion layer cannot just cover the 
flow field channels to prevent from the hydrogen leakage, the 
performance will be as low as the combination A. Once the 
MEA and the flow field channels are well-assembled, the 
performance would be extremely enhanced. In the 
combination C, the peak power density is 0.97 W/cm2 at the 
voltage of 0.48 V. 

I. Flow field channels: Gas diffusion layers: Catalyst 
layers= 5.6 x 5.6: 6 x 6: 5 x 5 (cm x cm) 
The optimal combination of the three layers combination is 

D. The hydrogen/oxygen can react completely with the 
catalyst layers through the gas diffusion layers and the flow 
field channels while the areas of the catalyst layers are 
smaller than that of the flow field channels and the gas 
diffusion layers. Before using, the gas diffusion layers were 
immersed in the PTFE solution and became hydrophobic 
after heat treatment. The central area of the gas diffusion 
layers was hydrophilic because of the catalyst layers 
contained Nafion. However, at the edge of the gas diffusion 
layers, without the catalyst layers, was still hydrophobic. At 
the cathode side, the generated water was removed 
effectively. In the case, even though the volume of the cell is 
bigger than others’ and the use of the component is a little 

waste because of the bigger area of the gas diffusion layers, 
the efficiency of the fuels and the performance are the highest. 
Moreover, it’s more convenient for assembly. In combination 
D, the peak power density is 1.07 W/cm2 at the voltage of 
0.48 V. 

 

III. CONCLUSIONS 
In this paper, we reported four combinations of flow field 

channels, gas diffusion layers, and catalyst layers. In the 
beginning, we introduced that using 50 wt% Pt/C is easier to 
disperse than 20 wt% Pt/C. To obtain the expected Pt loading, 
spraying 50 wt% Pt/C catalyst ink can reduce the process 
time. In further, we have shown the polarization and power 
density curves of randomly chose 4 MEAs from 25 samples 
to prove the uniformity of the process of MEAs fabrication 
and the composite flow field plates with serpentine and 
straight channels machined for the electrochemical test. From 
the four combinations, we have discussed that the area of the 
gas diffusion layers must be bigger than that of the flow field 
channels to prevent from hydrogen leakage or the fuel would 
be wasted to cause the bad performance. It’s acceptable to get 
better performance if a little material or volume has to be 
wasted. The optimal combination is that the area of the gas 
diffusion layers are bigger than that of the flow field channels 
and the area of the flow field channels are bigger than that of 
the catalyst layers as well. Through the investigation of the 
different combinations, the highest performance with the 
optimal combination (1.07 W/cm2) is two times higher than 
that of the worst combination (0.51 W/cm2). 
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