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Proton exchange membrane fuel cells (PEMFCSs) are an attractive type of fuel cell that have received successful
commercialization, benefitted from its unique advantages (including an all solid-state structure, a low operating
temperature and low environmental impact). In general, the structure of PEMFCs can be regarded as a sequential
stacking of functional layers, among which the gas diffusion layer (GDL) plays an important role in connecting
bipolar plates and catalyst layers both physically and electrically, offering a route for gas diffusion and drainage and

providing mechanical support to the membrane electrode assemblies.

proton exchange membrane fuel cell gas diffusion layer macroporous substrate

microporous layer

| 1. Brief Introduction of PEMFCs

A general structure of PEMFCs is shown in Figure 1. The main role of BPs is to conduct electrons and transport
reactants and products through the gas channels W. Currently, the most common materials used for BP are
graphite, corrosion-resistant metals and carbon-based or metal-based composites [&. The flow field design of the
BPs determines the diffusion and distribution of the gas in PEMFCs, as well as the rate of chemical reactions, the
distribution of current density and the removal of liquid water . The GDL mainly plays a role supporting the cell
structure and transmitting electrons, reactants, products and heat [4l. At present, carbon fiber paper and cloth are
the GDL materials with developed applications and an extensive research base. In order to obtain sufficient
electrode reactivity at the low operating temperature of PEMFCs, catalysts containing Pt (e.g., Pt/C) are commonly
used in the CL. Moreover, some alloy catalysts like PtRu/C and SnPt/C also show excellent carbon monoxide
tolerance and are suitable for application in direct methanol or ethanol PEMFCs B8l The electrolytes used are
commonly perfluorinated polymers, which are proton-conducting and electron-insulating and act as a separator for

the reactants and the products between the cathode and anode as well .
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Figure 1. Schematic diagram of the structure of a PEMFC.

Referring to the working mechanism of PEMFCs, as shown in Figure 1, hydrogen reaches the anode CL by

passing through the anode GDL and dissociates into protons and electrons, following

Hy — 2H +2e (1)

Protons move across the electrolyte and react with oxygen gas at the cathode CL, following

02+4H++4e_ — 2H50 + Heat (2)

The GDL at the cathode side leads the oxygen passing through it to the cathode CL and expels the water produced
from the cathode CL out of the system. Since the operating temperature of PEMFCs is usually low (typically around
80 °C), water generated at the cathode is easy to condense into liquid water. If this liquid water is not drained away
in time, it occupies the open space in the cathode CL and GDL and causes flooding. This blocks the transport

channels for oxygen, leading to a limited current and a dramatic degradation in the performance of PEMFCs during
operation [EIRILI],
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| 2. General Requirements for GDL

The GDL is one of the core components of PEMFCs, located between and connecting the BP and CL. It provides
support not only for the MEA, but also for the route for reactants and drainage, and it has the following

requirements.

(1)High gas permeability. The pore structure of GDL impacts the transport properties greatly, since the gas involved
in the reaction needs to pass through the GDL to reach the CL to participate in the electrochemical reaction. The
electrolyte membrane also needs to be hydrated by being subjected to the wet atmosphere to maintain high
proton conductivity. Moreover, water generated from the reaction in PEMFCs needs adequate routes to be
drained without flooding the CL and GDL U223 7hoy et al. 141 found that the ability of mass transfer was
enhanced by reducing the length of the channel for gas flow and increasing the porosity of the anode GDL (A-
GDL). Sim et al. (22l reported a new approach to increase the porosity and pore size of GDL by changing the

gasket thickness, resulting in a positive effect on the drainage capacity.

(2)High electrical conductivity. The GDL provides the electrical connection between the CL and the BP. It delivers
electrons from the BP to cathode CL, and collects electrons from anode CL to the BP. Therefore, high electrical

conductivity is required for a GDL to decrease its ohmic loss and contact resistance with the adjacent BP and
CL [18],

(3)High thermal conductivity. During the operation of PEMFCs, heat is generated and tends to accumulate locally.
If the extra heat is not removed quickly from the system, the increasing temperature shortens the longevity of
PEMFCs. Thereby, the GDL must have high thermal conductivity to conduct the extra heat quickly to the BP to
ensure a safe system temperature. Botelho et al. 17 applied a resistance network theory to estimate effective
thermal contact resistance between the carbon fibers used for composing the GDL. They found that the change
in fiber roughness led to a large change in the effective thermal contact resistance, implying a feasible approach

to regulate the thermal conduction of the GDL by controlling the morphology of the carbon fibers.

(4)Good mechanical strength. The GDL must be robust enough to offer mechanical support to the MEA and protect
the CL and the electrolyte membrane. Furthermore, a mechanically stable porous structure is vital to construct
and maintain channels for gas diffusion and drainage. Csoklich et al. [X8 suggested that it was efficient to
improve the performance of the GDL by optimizing the structure rather than improving the thermal conduction in

order to achieve excellent performance at high current density.

(5)Good chemical/thermal stability and corrosion resistance. To minimize the degradation rate during long-term
operation, the GDL is required to be stable both chemically and thermally, as well as corrosion-resistant in both

oxidizing and reducing atmospheres in the chambers of cathode and anode, respectively.

(6)Facilitation of water removal. To facilitate the drainage at the cathode, the GDL at the cathode is usually

processed to be hydrophobic. Moreover, other factors (such as the geometric parameters of the carbon fibers
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composing the GDL) also effect the hydrophobicity. Wang et al. 12! found that the speed of water discharge was
enhanced by increasing the diameter of the carbon fibers in the GDL.
(7)Low cost. The volumetric ratio of the GDL in PEMFCs is not low (larger than that of the CL and electrolyte), so it

is necessary to choose proper materials with both a low cost and a high performance.

| 3. Structural Parameters for GDL
3.1. Pore Structure

The water management is one of the main functions of the MPL, whose porosity and pore size distribution impose
significant influence. Chun et al. [2% regulated the condition for drying to change the distribution of pore size in the
MPL, and found that higher drying temperatures led to rapid decomposition of the pore-forming agent, resulting in
the formation of macropores. By lowering the drying temperature, the decomposition of pore-forming agent slowed
down, giving rise to the formation of more micropores. The micropores showed a better capillary effect to remove
water, while the macropores can provide better gas transport. So, a proper combination and distribution of the
pores with different scales is necessary to optimize the performance of the MPL. Furthermore, different humidity
conditions during the operation of PEMFCs also ask for different pore distribution. Hou et al. 21 established a
three-dimensional Boltzmann model to simulate the porous transport layer by adjusting the porosity and distribution
of pore size in MPL. It was found that even with the same porosity, the distribution of pore size influences the water
transport significantly, suggesting that the porosity and distribution of pore size must be carefully determined to

match the working conditions.

Lin et al. (22 prepared a gradient double-layer MPL structures by using conductive carbon black with different
particle size, so as to achieve gradual change of pore size from GDL to CL, with the aim to improve the water
management ability. They therefore designed a GDL with an MPL containing two layers that were different in pore
size by using two types of conductive carbon blacks—one is acetylene carbon black (7—20 pm), the other is Vulcan
XC-72 (20-100 pm).

3.2. Thickness

MPL must has proper thickness to regulate the water balance between the CL and GDL. If the MPL is too thin, it
cannot collect water efficiently from the CL. Tseng et al. 281 compared the performance of three PEMFCs with
different MPL thicknesses and found that the MPL with a thickness of 84 um showed the best performance over a
certain range of current density (300—1300 mAcm™2). They also studied the influence of the distribution of pore size
in MPLs with three different thicknesses and found that when the MPL was too thin and the pore size was too
small, the gas transport was hindered. On the other hand, when MPL was too thick, the diffusion path turned to be
too long, resulting in greater resistance. Therefore, it can be concluded that the MPL with an appropriate thickness
is essential to ensure the overall transport of gas and water. Lin et al. 24 investigated the effect of the MPL
thickness on the performance of PEMFCs. They prepared a bilayer MPL by spraying two slurries containing the

conductive carbon black with a different size. It was found that the performance of the single cell changed with the
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adjustment of the thickness of the two MPL layers (MPL1 and MPL2). The authors tested the performances of
three fuel cells using GDL24 (thickness of MPL1: 20 + 2.0 pm, MPL2: 40 + 1.6 pm), GDL33 (MPL1: 30 £ 1.5 pym,
MPL2: 30 + 2.5 ym) and GDL42 (MPL1: 40 + 1.8 pm, MPL2: 20 + 3.1 pym).
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