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ABSTRACT

The open ratio of a current collector has a great impact on direct methanol fuel cell (DMFC) performance. Although
a number of studies have investigated the influence of the open ratio of DMFC current collectors, far too little
attention has been given to how geometry (including the shape and feature size of the flow field) affects a current
collector with an equal open ratio. In this paper, perforated and parallel current collectors with an equal open ratio
of 50% and different feature sizes are designed, and the corresponding experimental results are shown to explain the
geometry effects on the output power of the DMFC. The results indicate that the optimal feature sizes are between
2 and 2.5 mm for both perforated and parallel flow field in the current collectors with an equal open ratio of 50%.
This means that for passive methanol fuel cells, to achieve the highest output power, the optimal feature size of the
flow field in both anode and cathode current collectors is between 2 and 2.5 mm under the operating mode of this
experiment. The effects of rib and channel position are also investigated, and the results indicate that the optimum
pattern depends on the feature sizes of the flow field.
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1 Introduction

Both hydrogen fuel cell and direct methanol fuel cell (DMFC) belong to proton exchange
membrane fuel cells (PEMFC). Compared with hydrogen, there are fewer risks in the storage and
transportation of methanol. Moreover, the power generation system of DMFC is simpler and is a
reliable source of small electronic equipment.

The current collector is a crucial component of a direct methanol fuel cell (DMFC) that facilitates
the conduction of electrons and the transportation of fuel and by-products. The open ratio, defined as
the ratio of the open area (total area of channels or holes) of the current collector to the total active
area of the membrane electrode assembly (MEA), is an important parameter of the current collector.
To enhance the efficiency of electron conduction, the current collector must possess a lower open
ratio. However, the current collector must have a higher open ratio to ensure the smooth flow of fuel
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and by-products. Hence, the open ratio of the current collector plays a vital role in determining the
performance of the fuel cell system. It has been found that an open ratio of approximately 45%—55%
would contribute to the best performance of fuel cells [1-3]. When the open ratio is more than 50%,
the large channel area is beneficial to mass transfer. However, if the open ratio is too large, the contact
area between the current collector and gas diffusion layer (GDL) will decrease, which will lead to the
increase of contact resistance. When the open ratio is less than 50%, there will be a larger contact area
between the current collector and GDL, which can reduce the contact resistance. But too small open
ratio will hinder mass transfer and increase the mass transfer resistance. Therefore, an open ratio of
approximately 45%-55% is considered to balance the mass transfer resistance and contact resistance.
Under specific working conditions and structures, a lower open ratio or higher open ratio can also
have better performance [4-8].

The performance of the DMFC is also affected by the geometry of the current collector.
Yang et al. [2] and Kianimimanesh et al. [9] observed the change in fuel cell performance by changing
the channel length and width of the flow field, while Park et al. [10] studied the influence of the length-
width ratio of the channel on fuel cell performance. The results show that the longer and narrower
the channel is, the better the performance output. A current collector with a nonuniform parallel
flow field was proposed by Gholami et al. [11,12], and the influence on passive DMFC performance
was investigated. It was found that due to the slope of the channel, the placement method would
have different effects on the fuel transfer. The performance of the parallel flow field designed by
Sameer et al. [13]is also better than that of the traditional flow field due to the optimization of anode
mass transfer. For a new serpentine channel, Hu et al. [14] systematically studied the performance of
a serpentine channel with a nonuniform cross section. The performance of the new current collector
is improved by 12%, especially at high temperature and high current density. Some literatures [ 5—
19] reported baffles in the traditional flow field. CFD simulation shows that baffles can effectively
optimize the diffusion of reactants, and experiments show that baffles can improve the performance
of the cells.

In recent years, three-dimensional and bionic flow field current collectors have been designed.
Ouellette et al. [18] designed bionic flow field based on leaf vein and studied different combinations
of cathode and anode through simulation and experiment. Ozden et al. [20] designed bionic flow
field based on leaf vein and lung and carried out seven combinations of cathode and anode.
Ramasamy et al. [21] proposed zigzag and pin channels and the numerical simulation showed that
the combination of serpentine anode and the innovative cathode flow field can achieve the best cell
performance. Li et al. [22] adopted a new two-stage structure with lateral narrowing to realize a more
comprehensive three-dimensional convection. Marco et al. [23] designed an innovative tree-like flow
field and He et al. [24] designed S-shaped flow fields with different radii and lengths. These studies
showed that the channel parameters had great effect on cell performance.

However, most of the above studies on geometry do not mention the open ratio of the collector
plate, and the influence of the geometry of the current collector with an equal open ratio on the
performance of DMFCs has not been studied in detail. Generally, the most common geometries
for current collectors in DMFCs are circle perforated and parallel perforated. Therefore, the aim
of this research is to investigate the effect of the current collector geometry on the performance
of DMFCs. Specifically, circle perforated and parallel perforated current collectors with different
geometric parameters and an equal open ratio of 50% are investigated. The output performance of the
DMFCs with the specially designed anode and cathode current collectors was tested and analyzed.
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2 Materials and Methods

2.1 Material Preparation

The active area of the MEA was 15 mm? x 15 mm?. Toray carbon paper (TGP-090) was used as
the diffusion layer, and Nafion 115 was used as the membrane. The catalyst loading on the anode was
4.5 mg-cm~? of Pt/Ru black and that on the cathode was 2.4 mg-cm~ of Pt black. Circle perforated
current collectors and parallel perforated current collectors with an equal open ratio of 50% were made
from a stainless steel (316 L) sheet. Various flow field shapes and feature sizes of the current collectors
are shown in Table 1, and some dimensioned drawings and photos are shown in Fig. 1. The active
area of the fuel cell is within the red dashed line in the dimensioned drawings. An array of circular
and channel openings was photochemically etched as fuel and air feed paths. All the current collectors
were plated with Titanium Nitride film to prevent corrosion.

Table 1: Parameters of current collectors

(a) Circle perforated current collectors

Current Total active Open ratio Hole diameter  Center distance Hole array
collectors area (mm?) (mm) of adjacent
holes (mm)

case 1 15 x 15 50% 0.5 0.65 576
case 2 1 1.3 144
case 3 1.5 2 64
case 4 2 2.6 36
case 5 2.5 32 23
case 6 3 4 16
case 7 3.5 4.5 12
case 8 5 5 9
case 9 4.5 5.75 7

(b) Parallel perforated current collectors
Current Total active Open ratio Channel (mm) Rib width Number of
collector area (mm?) (mm) channels
case 10 15 x 15 50% 13.7 x 0.5 0.44 16
case 11 13 x 1 0.875 8
case 12 12 x 1.5 1 6
case 13 12 x 2 1.75 4
case 14 9.3 x2.5 1.25 4
case 15 10x 3 2 3
case 16 8 x 3.5 1.5 3




1164 EE, 2024, vol.121, no.5

(a)
% s & = =
e | d o 2| @ |o =R
Seoe e
8te O - O ©-© e
SJEXJUB B%ﬂh :
o o T |lo 9 1 1o o H
R = | =S
case 7 case 8 case 10 case 15

(b)

case 7 case 8 case 10 case 15

Figure 1: Configuration of perforated and parallel current collectors. (a) Some dimensioned drawings.
The active area of the fuel cell is within the red dashed line. (b) Some picture of the current collectors

2.2 Experimental Test

The experimental setup is shown in Fig. 2. The structure of the DMFC is designed as shown
in Fig. 3 to facilitate the self-breathing of the fuel cell. For each test, the following conditions were
consistent. For the reaction materials of the cathode and anode, 1 M aqueous methanol solution and
oxygen were passively supplied from the methanol chamber and air, respectively. The performance of
the cell was analyzed by polarization curves. In general, a thermal management system is necessary
for the fuel cell system to keep a suitable working temperature. In this paper, the single cell experiment
was carried out in a constant temperature. The temperature was maintained at 50°C, and the packing
pressure of the fuel cell was 0.5 MPa. The heat generated by chemical reaction is not enough to change
the temperature of the fuel cell because the active area is rather small. Therefore, the generated heat is
ignored in this work.

Figure 2: Experimental setup
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Figure 3: The structure of the DMFC. (1 Pin, 2 Anode End Plate, 3 Gasket, 4 Methanol Chamber, 5
Anode and Cathode Current Collector, 6 MEA, 7 Cathode End Plate)

3 Results and Discussion

3.1 Geometry Effects of the Anode Side

In this test, the cathode current collector is made of stainless steel mesh coated with titanium
nitride. The polarization curves of the DMFC are shown in Fig. 4a to describe the performance of
perforated current collectors with different hole diameters. When the hole diameter is taken as 0.5 mm,
the corresponding peak power is 22.5 mW. With an increase in the hole diameter, the peak power first
reaches the maximum value of 25.5 mW. Then, the power decreases continuously to 21.6 mW when
the hole diameter of the current collector increases to 4.5 mm. The cell achieved its best performance
of 25.5 mW with the anode current collector at a hole diameter of 2.5 mm. The peak power was
increased by 18% compared with the lowest peak power. The change in the current collector structure
has slight effects on the ohmic resistance because the open ratio and pressure of the current collector
are basically the same in each experiment. The peak power increases with increasing hole diameter,
which shows that the decrease in mass transfer resistance effectively promotes the electrochemical
reaction, accelerates the emission of CO, bubbles and promotes fuel transfer. This is because too small
a hole diameter would prevent the discharge of CO, bubbles. When the hole diameter is larger than
2.5 mm, the peak power decreases gradually, which shows that the mass transfer resistance increases
gradually. This is because the width of the land is larger than 1 mm in the case of hole diameters larger
than 2.5 mm. Because the width of the land is too large, the bubbles in the diffusion layer cannot be
discharged from the flow field in time and effectively through the hole, and the mass transfer resistance
increases with increasing width of the land. But the change in ohmic resistance is very slight relative
to the change in mass transfer resistance, which has little effect on the electrochemical reaction of the
fuel cell.
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Figure 4: Performance of the DMFC with different Anode Current Collectors. (a) Perforated flow
field, (b) Parallel flow field

Fig. 4b shows the performance of the DMFC with an anode parallel current collector at different
width channels. Similar to the case of the perforated current collectors, the output power of the
DMFC increased first and then decreased as the channel width increased. The maximum power
was 26 mW when the channel width was 2 mm. When the channel width was less than 2 mm, the
performance differences were not very significant. However, when the width exceeded 2 mm, an
obvious performance decline trend could be found. Similar to the perforated collector plate, the
structure of the current collector has little effect on ohmic resistance because of the same open ratio
and pressure. When the channel width of the parallel current collector is small, the performance of
the fuel cell is affected because the large bubbles cannot be eliminated. However, the longer channel
has little effect on the blocking of the large bubbles because the parallel flow field is different from the
small hole area of the perforated flow field. When the channel width is greater than 2 mm, the increase
in the channel width leads to obvious performance degradation, which may be due to the shorter total
hole perimeter [25].

3.2 Geometry Effects of the Cathode Side

A stainless steel mesh coated with TiN was used as the anode current collector in this test. The
polarization curves of DMFC are shown in Fig. 5a to describe the performance of perforated current
collectors as a function of hole diameters. As shown in Fig. 4a, the peak power gradually increases to
the maximum value of 13.2 mW when the hole diameter of the cathode current collector increases from
0.5 to 2.5 mm. The power decreases gradually as the hole diameter increases from 2.5 to 4.5 mm. This
was similar to the conclusions obtained from the previous anode experiment. Small water droplets
undergo a process of condensing into large droplets, and too small a hole blocks the discharge of large
droplets on the cathode side. On the other hand, the larger holes result in a larger land width, which
leads to the H,O droplets in the diffusion layer not being discharged from the flow field. At the same
time, these larger holes lead to the larger mass transfer resistance of O..

Fig. 5b illustrates the performance of the DMFC with a cathode parallel current collector at
different width channels. Similar to the case of the anode experiment, the output power of the DMFC
increased first and then decreased as the channel width increased, and the optimal channel width was
2 mm. This shows that the CO, bubbles and H,O droplets that formed in the diffusion layer need
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an appropriate size to promote their maximum discharge during growth and discharge and that an
improper hole diameter or channel width will inhibit this process.

(@ (b)
18 0.6
— (0.5mm) —a— (3.0mm) —w— (0.5mm)—8— (2.5mm) 20
—+—(1.0mm) —#— (3.5mm) 9 —— (1.0mm)—&— (3.0mm})
06l = (1.5mm) —&— (40mm) —&— (1.5mm)—*— (3.5mm)
* o (2.0mm) —*— (4.5mm) ;

# &~ (2.5mm)

Voltage /V
Power /mW
Voltage IV
>
Power /mW

Current /mA Current /mA

Figure 5: Performance of the DMFC with different Cathode Current Collectors. (a) Perforated flow
field, (b) parallel flow field

The cell performance of this section is lower than that of Section 3.1. The reason may be that
stainless steel mesh was used as the cathode current collector in Section 3.1 and as the anode current
collector in this section. Small holes in the tight mesh would increase the mass transfer resistance
of carbon dioxide bubbles on the anode side. When the stainless steel mesh is used as the cathode
current collector in Section 3.1, the cathode is open to the air and the oxygen supply is relatively
smooth. However, when the stainless steel mesh is used as the anode current collector in Section 3.2,
the generated CO, bubbles will adhere to the mesh because of the surface tension, and thus the mass
transfer resistance will increase.

3.3 Geometry Effects of Both Anode and Cathode Sides

Fig. 6a shows the polarization curve of the DMFC with identical perforated anode and cathode
current collectors. As the diameter of the current collector increased, the maximum power of the cell
increased and then decreased. The peak power of 19.6 and 18.8 mW could be obtained when the
diameter was 1.5 and 2 mm, respectively. The optimal diameter in this experiment is slightly smaller
than that in the above sections (2.5 mm). The reason may be the mesh effect on the other side. Fig. 6b
shows the performance of the DMFC with identical parallel anode and cathode current collectors.
The performance of the cell still first increased and then decreased as the channel width increased. In
this case, the channel width of 2 mm reached a maximum power of 25.8 mW. This is similar to the
maximum power values described in Sections 3.1 and 3.2.

Fig. 7 shows the peak power of the cell with different current collector combinations under
different feature sizes, as discussed in the above sections. The maximum peak power can be achieved
when the feature diameter of the anode current collector is 2.5 mm for the perforated flow field. The
reason may be that the stainless steel mesh is more beneficial for the uniform transmission of oxygen
than the perforated flow field at the cathode side. For a parallel flow field, the stainless steel mesh at
the anode side may block the transmission of the CO, bubble, which leads to a lower peak power, as
shown in Fig. 7. The peak power is 26 mW and the active area of the cell is 2.25 cm?, thus the peak
power density of 11.6 mW-cm™ can be obtained. Compared to literature [3] and [5], which have similar



1168 EE, 2024, vol.121, no.5

working conditions, the peak power density of this work is 8.4% higher than [5] and 20% lower than
[3]. This shows that the optimal open ratio may depend on the structures of current collectors.
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Figure 6: Performance of the DMFC with a pair of Current Collectors. (a) Perforated flow field,
(b) parallel flow field
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Figure 7: Peak power of the cell with different current collector combinations

3.4 The Effects of Rib and Channel Position

To investigate the position effect of the parallel anode and cathode current collectors, three
patterns were considered: aligned, alternating and vertical (shown in Fig. 8). The former two cases
were also simulated by Lu et al. [26] and Liu et al. [27], and they found that the influence differed with
several factors. The open ratio of the parallel anode and cathode current collectors was also 50%. The
channel widths were 0.5 and 1 mm. From the performance of the DMFC in Fig. 9, it can be seen that
the peak power of the DMFC with the 0.5 mm channel was 18.8, 17.8, and 16.8 mW, while that with the
1 mm channel was 17.4, 18.4, and 19.4 mW. It is interesting to note that the performance trends of the
0.5and 1 mm DMFCs were completely opposite. In the case of the 0.5 mm channel, the aligned fuel cell
showed the best performance. However, for the I mm channel case, the vertical fuel cell performance
was the best. It is well known that mass transport resistance impacts cell performance most greatly.
When the channel was too narrow (0.5 mm), the mass transfer resistance of methanol and oxygen
became very high. The extended transmission path would further increase the mass transfer resistance



EE, 2024, vol.121, no.5 1169

if the channel was not aligned. When the channel width was large (1 mm), the alternating and vertical
cell produced a more uniform stress distribution and may result in lower internal resistance [27]. As
shown in Fig. 10, when the channel width is 0.5 mm, the rib is relatively narrow, and consequently the

relative position has little effect on the stress distribution. For the case of 1 mm, the relatively wider
rib may result in uneven stress distribution for the aligned pattern.

(a) (b) (©

Figure 8: Three patterns of the relative position of the parallel Anode and Cathode Current Collectors.
(a) Aligned, (b) alternating, (c) vertical
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Figure 9: The performance of DMFCs with different positions of a pair of parallel Current Collectors
(a) With the channel width of 0.5 mm, (b) with the channel width of 1 mm
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Figure 10: Stress distribution (MPa). (a) With the channel width of 0.5 mm, (b) with the channel width
of 1 mm

4 Conclusions

When the cathode or anode current collector of a DMFC adopts different geometric structures, it
is usually difficult to maintain a consistent open ratio. The structural design of parallel and perforated
current collectors was carried out in this study to maintain an open ratio of 50%, which was considered
the optimal open ratio in many previous studies. The optimal diameter of perforated holes was 2.5 mm
for anode or cathode current collectors used separately and 1.5 or 2 mm for a pair of current collectors.
The optimal width of the channels was 2 mm for parallel current collectors. This indicates that the
optimal feature sizes lie between 2 and 2.5 mm for the flow field in the current collectors with an equal
open ratio of 50%. The effects of rib and channel position were also investigated, and the results show
that the optimum pattern depends on the channel width of the flow field.
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