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� XCT, LBM and PSM are combined

to compute porosity, diffusivity

and permeability.

� SEM and compression tests are

applied to investigate the me-

chanical strength.

� Thermal conductivity and elec-

trical resistivity under different

compression ratios are measured.

� Mechanical and transport proper-

ties of two types of GDL are

comprehensively compared.
a b s t r a c t

Gas diffusion layers (GDL) play multi-roles in proton exchange membrane fuel cells,

including gas-water transport, thermal-electron conduction and mechanical support.

Mechanical strength and transport properties are essential for GDLs. In this work, high-

density (paper-type) and low density (felt-type) GDLs are scanned and reconstructed

using X-ray computed tomography. Porosities under different compression ratios are

compared and discussed. Effective diffusivity and liquid water permeability are calculated

using pore-scale modeling and lattice Boltzmann method. Mechanical strength,
ve Engineering, Wuhan University of Technology, Wuhan, 430070, China.
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anisotropic thermal-electrical resistivity for two types of GDLs are obtained using

compression tests and thermal-electrical conductivity measurements. Results show that

the porosity, diffusivity, permeability, and through-plane thermal-electrical conductivity

of felt-type GDL are significantly higher than that of paper-type GDL owing to the higher

porosity and fiber-clusters oriented along the through-plane direction. The in-plane elec-

trical resistivity of paper-type GDL is lower than that of felt-type GDL. The mechanical

strength of felt-type GDL is much lower, but the fibers of paper-type GDL are more easily to

be broken because of its lower elasticity. The results obtained may guide microstructure

optimization and performance improvement of GDLs.
Introduction

Proton exchange membrane fuel cell (PEMFC) is generally

regarded as one of themost promising sustainable techniques

owing to its high efficiency and zero emission. As one of the

key porous components of PEMFC, a gas diffusion layer (GDL)

located between the bipolar plate (BPP) and catalyst layer (CL)

undertakes multiple roles, including gas-water transport,

electron-thermal conduction, etc. In addition, GDLs also pro-

vide mechanical support for the membrane coated with CLs.

Felt-type and paper-type GDLs are the most widely used

GDLs in PEMFCs. The main difference between them is the

microstructural characteristics determined by different fabri-

cating techniques. The fibers of the paper-type GDL are ori-

ented along the in-plane (IP) direction layer by layer, and the

fibers of the felt-type GDL are highly entangled and distributed

in both the through-plane (TP) and IP directions [1,2]. The

permeability of felt-type GDL is much higher [3], which results

in a better performance for water transport. Fishman et al. [4]

employed X-ray computed tomography (XCT) to compare the

felt-type GDL and paper-type GDL. More homogenous porosity

distribution was found in the felt-type GDL owing to the pro-

cess of hydroentanglement, which was further supported by

other authors [5,6]. Escribano et al. [7] found that the felt-type

GDL showed higher elasticity during continuous compression

cycles compared to the paper-type GDL. In addition, the felt-

type GDL had more obvious isotropic microstructure in the IP

and TP directions, which was supported and proved by scan

electron microscope (SEM) [8]. Banerjee et al. [6] found that the

local porosity distribution of felt-type GDL was more even, but

the fibers were compressed to intrude the gas channel more

easily. Recently, some studies investigated the mechanical

properties of GDLs [9e11] and membranes [12e14]. These

works mentioned above focused on the microstructural char-

acterization and mechanical performance, while transport

properties of the paper-type GDL and felt-type GDL have not

been studied and compared yet, including the diffusivity,

permeability, thermal conductivity and electrical resistivity in

the TP and IP directions.

It is significant to comprehensively evaluate the overall

performance of GDLs by comparing microstructural charac-

teristics, transport properties and mechanical strength of the

paper-type and felt-type GDLs. Some researchers applied ex-

periments and simulation techniques to characterize and
reconstruct the microstructure of GDLs by XCT [15e20], and

then investigated the transport properties, such as the gas

diffusivity [21e27], permeability [28e31], water flow [32e36],

and thermal-electrical conductivity [37e46]. The liquid water

transport was investigated [47e49] and enhanced through

laser structured GDLs [50], perforated GDLs [51], micro ellip-

tical groove GDLs [52], and coupling manipulation of pore

structure and hydrophobicity [53]. The interplay between the

water capillary transport and species diffusion was simulated

[54], which showed the importance of an appropriate design

for GDLs. Recently, some studies investigated the effects of

compression on themechanical integrity [55] and liquid water

transport properties [56,57]. These research works only

compared one or two of the transport properties for GDLs,

which is not comprehensive enough to evaluate and design a

new GDL with higher performance.

Based on both the experiment and simulation techniques,

we propose an approach that combines SEM, XCT, compres-

sion tests, thermal conductivity measurements, electrical re-

sistivity measurements, pore scale modeling (PSM) and lattice

Boltzmann method (LBM) to characterize, scan and recon-

struct three-dimensional (3D) GDL models. The stress-strain

response, thermal conductivity, electrical resistivity, gas

diffusivity and liquid water permeability between the paper-

type and felt-type GDLs under different compression ratios

(CRs) are compared. The compression ratio is defined as the

ratio of compression distance with respect to the original GDL

thickness.

The objective of this study is to conduct a comprehensive

study for comparing the mechanical strength and transport

properties between the high-density (paper-type) and low

density (felt-type) GDLs under different CRs, which can guide

microstructural optimization and performance improvement

of GDLs. The specific objectives are given as follows:
(1) Combine XCT, LBM and PSM to compute the porosity,

diffusivity and permeability of the felt-type and paper-

type GDLs under different CRs.

(2) Apply SEM and compression tests to investigate the

mechanical strength of the paper-type and felt-type

GDLs.

(3) Conduct conductivity measurements to study the im-

pacts of CRs on the thermal-electrical conductivities of

the felt-type and paper-type GDLs.



(4) Compare the mechanical strength and transport prop-

erties between the felt-type and paper-type GDLs.
Fig. 1 e (a) Schematic of the XCT device, the reconstructed

(b) paper-type and (c) felt-type GDL with CR ¼ 0%.
Experimental methods

In this section, experimental methods used for high-density

(paper-type) and low density (felt-type) GDLs are introduced,

including the sample preparation, XCT texts and thermal-

electrical conductivity measurements. These experiments

are completed in Zentrum für Sonnenenergie und

Wasserstoff-Forschung (ZSW), Germany, and the repeating

experiments are conducted to make these measurements

more accurate. The samples are paper-type GDLs (SGL 39AA,

SIGRACELL® company, Germany) and felt-type GDLs (SGL GFD

2.5, SIGRACELL® company, Germany). The diameter of the

samples for XCT texts is 10 mm. The diameter of the samples

for the compression tests is 30 mm. The diameter of the

samples for the thermal conductivity measurements is

22 mm. The diameter of the samples for the electrical re-

sistivity measurements in the TP direction is 26 mm. The size

of the rectangular samples for the electrical resistivity mea-

surements in the IP direction is 66 mm � 28 mm.

The diameters of the carbon fiber for the high-density

(paper-type) and low-density (felt-type) GDLs are 8 and

11 mm, respectively. The porosities of the high-density and

low-density GDLs are 0.78 and 0.95, respectively. The bulk

densities of the high-density and low-density GDLs are 0.17

and 0.11 g/cm3, respectively. The mean pore diameters of the

high-density and low-density GDLs are 43 and 65 mm,

respectively. The thicknesses of the high-density and low-

density GDLs are 300 and 2500 mm, respectively. The thick-

ness of the felt-type GDL is not a commonly used value, but

this type of GDLs with fiber-clusters in the through-plane di-

rection can be fabricated with thinner thickness and higher

bulk density. The comparison between two types of GDLs can

guide better microstructural design by combing the advan-

tages between them.

Fig. 1 (a) shows the XCT device combing with the

compression setup, which are employed to compress, scan

and reconstruct the microstructures of the paper-type and

felt-type GDLs under different CRs. The GDL samples are

scanned by the XCT device with the energy level of 36 kV, the

source electric current of 222 mA, and the rotating steps of 0.2�.
Thereafter, the two-dimensional (2D) greyscale images with a

resolution of 2.99 mm are obtained. These images are further

used for thresholding segmentation to distinguish fiber ma-

terial and air phase. At last, 3D microstructures of the paper-

type and felt-type GDL with CR ¼ 0% are numerically recon-

structed, as respectively shown in Fig. 1(b) and (c). The fibers

are mainly oriented along the IP direction for the paper-type

GDL, while some fiber-clusters are oriented along the TP di-

rection for the felt-type GDL.

The conductivity experiments are performed to measure

the thermal conductivity in the TP direction and the electrical

resistivity in the TP and IP directions for the paper-type and

felt-type GDL under different CRs. Fig. 2(a), (b) and (c) sche-

matically show the principles of TP thermal conductivity, TP

and IP electrical resistivity measurements, respectively.
The thermal resistance of the sample includes the bulk

thermal resistance and the thermal contact resistance (at the

surfaces between the samples and the test column). The

thermal resistance of the GDL samples can be calculated as:

RT ¼ DT
Q

(1)



Fig. 2 e Schematic of the principles for (a) TP thermal conductivity, (b) TP electrical resistivity and (c) IP electrical resistivity

measurement.
where DT is the temperature difference between two cross-

section surfaces of the samples or the test column, Q is the

heat flux flow through the surfaces. The temperature of T1, T2,

T3, T5, T6 and T7 are measured by six thermocouples. The

temperatures at the top and bottom contact surfaces, Tup and
Tdown, can be extrapolated through the measured heat flux.

The distance between the thermocouples of T1 and T2, T2 and

T3, T5 and T6, T5 and T7 is 40 mm. The distance between the

points of T3 and Tup is 0.3mm. The distance between the points

of T7 and Tdown is 0.26 mm.



The thermal conductivity considering the bulk resistance

and contact resistance can be computed as:

l ¼ d
RT,A

(2)

where A is the surface area of the GDL samples, d is the

thickness of the GDL samples.

The electrical resistance of the GDL samples can be

calculated as:

R ¼ U
I

(3)

where U is the voltage, and I is the current. The electrical re-

sistivity of the GDL samples can be calculated as:

r ¼ R,A
d

(4)

The temperature, voltage and current during each CR test

are measured at least 300 times in steady state, then the

average value is calculated for each data point. It should be

noted that, the thermal and electrical resistance in this paper

was calculated considering the bulk and contact resistance,

which reflects the real situation of the assembly for PEMFC

stacks. The contact and bulk resistances are different owing to

different materials andmicrostructures of the GDLs and BPPs,

as well as different CRs. The ratio of the thermal contact

resistance to the bulk resistance varied from 1 to 1.8, and both

the contact and bulk resistance decreased significantly as the

CR increased [41].
Table 1 e Binary diffusion and Knudsen diffusion
coefficients [61].

Parameters Value (� 10 6m2=s)

DO2�H2O 0:282p�1,ðT=298:2Þ1:5
DO2�N2 0:220p�1,ðT=293:2Þ1:5
DH2O�N2 0:293p�1,ðT=308:1Þ1:5
DO2 ;Kn 4850d,ðT=32Þ0:5
DH2O;Kn 4850d,ðT=18Þ0:5
DN2 ;Kn 4850d,ðT=28Þ0:5
Numerical methods

Due to the limitations of our test conditions, it is not easy to

experimentally measure the gas diffusivity and liquid water

permeability. Therefore, PSM and LBM are applied to numer-

ically calculate them instead.

Pore scale modeling

PSMwas originally developed in our previous works [58e60] to

compute the effective diffusivity of GDLs in the TP and IP di-

rections. In the GDL, gas is transported through both big pores

and small pores. The following Stefan-Maxwell formulas are

used for calculating the gas diffusivities of O2, H2O and N2, in

which both Knudsen diffusion and Fick diffusion are

considered.

VxO2
¼RT

p

�
xO2

jH20 xH2OjO2
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jN2
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�
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RT
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�
(7)

where xi is the molar fraction of specie i (i ¼ O2, H2 or H2O), ji is

the flux of specie i, p is the gas pressure, R is the universal gas

constant, T is the temperature, Di�j is the binary diffusivity of

species i and j, andDi�Kn is the Knudsen diffusion coefficient of
specie i. The expressions for the binary diffusion coefficient

and Knudsen diffusion coefficient in this model are given in

Table 1.

The conservation of oxygen is described by [62].

VjO2
¼ 0 (8)

where jO2
is the flux of oxygen.

To solve the above equation, the inlet and outlet surfaces

are set as Dirichlet boundary conditions and the other four

surfaces are set as periodic conditions. The gradient value for

gas is set as 0:1 mol=m3 [63]. The effective transport property

Meff of a GDL is calculated from the fluxes obtained by PSM

[64], i.e.,

Meff ¼ j,l
b2 b1

(9)

where j is the flux calculated by PSM, l is the length of the

computational domain, b1 and b2 represent the pre-described

boundary conditions.

Lattice Boltzmann method

Compared to traditional computational fluid dynamics

methods, LBM is a mesoscopic method that connects macro-

scopic and microscopic models. LBM has several advantages,

such as the combination of micro-interactions, simplicity of

programming, easy parallelization, and direct resolution of

complex boundaries. Unlike molecule dynamics, it tracks

population of particles rather than individual particles. In this

work, LBM is employed to compute the liquid water perme-

abilities of the paper-type and felt-type GDLs.

The lattice Boltzmann equation model contains three ele-

ments, i.e., lattice structure, evolution equation and velocity

distribution function of fluid particles, which can be formu-

lated by Ref. [65]:

f iðrþ eidt; tþ dtÞ¼ f iðr; tÞ Q�1Lf

�
mf ðr; tÞ mf

eqðr; tÞ�

þ dt

�
I

1
2
Q�1LfQ

�
Giðr; tÞ

(10)

where f is velocity distribution function at lattice location r

and time t, ei are discrete velocities,Q is a 19� 19matrix in this

work, mf is velocity space, and G represents body force.

In this work, D3Q19 model [26] is employed, which de-

scribes the motion process of fluid particles with 19 discrete

velocities distributed on a fixed 3D lattice. The dynamic

behavior of fluid is governed by [65].

vru
vt

þV,ruu ¼ V,Pþ hV2uþ Fb (11)



Fig. 3 e The porosities for paper-type and felt-type GDLs at

different CRs.
and

v4

vt
þV,ð4uÞ ¼ V,ðMVmÞ (12)

where r means mass density, u represents velocity of fluid, h

represents viscosity, P is pressure gradient, Fb is body force,M

is mobility parameter, 4 is order parameter, and m is chemical

potential.

To calculate the permeability of porous media along the

flow direction, four boundary surfaces parallel to the flow di-

rection are set as walls, and the other two boundary surfaces

are set with a pressure difference. The mathematical basis of

the flow in a porous medium is Darcy's law, which can be

written as [66].

k¼ulav*h*l
DP

(13)

where ulav is the average velocity along the flow direction, l is

the thickness of porous medium, △P means the pressure

difference, and k presents the permeability of a GDL. We fix

the contact angle of 110� [67e69] and pressure drop of 1.7

(113.3 kpa).
Fig. 4 e Normalized diffusivities for paper-type and felt-

type GDLs at different CRs.
Results and discussion

In this section, comparisons between the felt-type and paper-

type GDLs are performed, including the porosity, diffusivity,

permeability, thermal conductivity, electrical resistivity and

mechanical strength.

Comparison of the porosity

The porosity is defined as a ratio of the pore volume inside a

GDL with respect to the total volume of the GDL. The porosity

decreases as CR increases for both the paper-type and felt-

type GDLs, as shown in Fig. 3. The compressed GDL models

are formulated based on the XCT data under different CRs.

The original porosities of the felt-type and paper-type GDLs

are 0.95 and 0.78, respectively. The porosity of the paper-type

GDL decreases more quickly than that of the felt-type GDL as

CR increases. This is because the original porosity of the

paper-type GDL is much lower than that of the felt-type GDL.

The porosity of the felt-type GDL decreases faster as CR > 40%.

As CR increases to 60%, the porosity of the felt-type GDL is

about 0.86, which is still much higher than that of the un-

compressed paper-type GDL, which facilitates gas diffusion

and water transport inside the GDL.

Comparison of the gas diffusivity

Gas andwater are transported through the pores inside a GDL,

while heat and electrons are conducted through the solid

materials inside a GDL, such as fiber and binder materials. In

this subsection, PSM is applied to study the impacts of

compression on the effective gas diffusivity in the TP and IP

directions for the compressed paper-type and felt-type GDL

models using XCT data. The normalized gas diffusivity equals

to the ratio of the effective diffusivity to the in-plane effective

diffusivity with a compression ratio of 0%.
As CR increases from 0% to 30%, gas diffusivities gradually

are, respectively, decreased by 15% and 13% for the felt-type

and paper-type GDLs, but the gas diffusivity for the felt-type

GDL decreases faster as CR > 30%, as shown in Fig. 4. The

gas diffusivity of the felt-type GDL is much greater (about 50%

more) than that of the paper-type GDL, which means gas and

water can be transported faster and easier inside the felt-type

GDL. One can see that the gas diffusivity in the IP direction is

higher than that in the TP direction, which are about 7.6% and

2.8% higher for the paper-type and felt-type GDLs, respec-

tively. This is because the fibers are mainly oriented along the

IP direction for the paper-type GDL, while the fibers are

distributed in both IP and TP directions for the felt-type GDL.

The felt-type GDL shows higher isotropy and better perfor-

mance for gas diffusion and water transport. The gas diffu-

sivity of the felt-type GDL with a CR of 50% is still higher than

that of the paper-type GDL with a CR of 30%. The decreasing

speed of gas diffusivity for the felt-type GDL is much faster



than that of the paper-type GDL because of their microstruc-

tural change, as shown in Fig. 9.

Comparison of the liquid water permeability

The computer code is based on Niu et al. [66] incorporating the

multiple relaxation time, and LBM is employed to compute the

liquid water permeability of the paper-type and felt-type

GDLs. The normalized permeability equals to the ratio of the

computed permeability to the permeability for the felt-type

GDL with a compression ratio of 0%. Detailed descriptions of

the governing equations for the LBM can be found in our

previous study [65]. As CR increases from 0% to 30%, the

permeability decreases by 33% and 48% for the felt-type and

paper-type GDLs respectively. The permeability of the felt-

type GDL changes more obviously than that of the paper-

type GDL, as illustrated in Fig. 5. The permeability decreases

very fast as CR<20% and 10% for the felt-type and paper-type

GDLs respectively, while the decreasing speed turns to be

slower as the CR is further increased. This is because the

permeability sensitively depends on the size and number of

big pores. As CR increases, the big pores inside the GDL are

compressed to be medium or small ones, and some small

pores are compressed to be closed, cutting off some pathways

for water transport, as shown in Fig. 9. The permeability of the

felt-type GDL is at least two times higher than that of the

paper-type GDL, and the permeability of the felt-type GDL

with a CR of 60% is still higher than that of the paper-type GDL

with a CR of 30%. The felt-type GDL shows an absolutely better

performance for water transport, which is in good accordance

with other published experimental data [70]. The permeability

also depends on the hydrophobic treatment, which is

assumed to be the same for two types of GDLs.

Comparison of the thermal conductivity and electrical
resistivity

Heat is transferred through air, fibers, binder and PTFE, while

electrons are conducted by fiber and binder. In this subsec-

tion, thermal conductivity and electrical resistivity under
Fig. 5 e Permeabilities for paper-type and felt-type GDLs at

different CRs.
different CRs for the paper-type and felt-type GDLs are

measured and compared, as shown in Fig. 6. It should be

mentioned that it is difficult to control CR accurately when CR

< 10% because the surfaces of GDL microstructures are not
Fig. 6 e Measured (a) thermal conductivity in the TP

direction, (b) electrical resistivity in the TP direction, (c)

electrical resistivity in the IP direction under different CRs

for paper-type and felt-type GDLs, and (d) 3D images of the

carbon felt at different CRs.



flat, and the compression force is more sensitive as CR < 10%.

Therefore, CR ranging from 10% to 60% is chosen for subse-

quent discussion in this subsection.

The thermal conductivity in the TP direction of the paper-

type GDL increases linearly as CR increases, while the thermal
Fig. 7 e (a) Compression setup and SEM pictures of (b)

paper-type GDL after compression with CR ¼ 40%, and (c)

felt-type GDL after compression with CR ¼ 60%.
conductivity of the felt-type GDL increases slowly as CR < 40%,

as shown in Fig. 6 (a). In addition, the thermal conductivity of

the felt-type GDL is at least three times higher than that of the

paper-type GDL, which means that the felt-type GDL has a

significantly better performance of thermal transfer. This is

expected because some fiber-clusters are oriented along the

TP direction for the felt-type GDL, while fibers are mainly

distributed in the IP direction for the paper-type GDL. The

thermal conductivity of the felt-type GDL slightly increases as

CR < 40%, and then slightly decreases as CR > 40%. This

phenomenon may be caused by the changed 3D microstruc-

tures of the fiber-clusters inside the felt-type GDL under high

CR. One can see from Figs. 1 (c) and Fig. 6 (d) that the felt-type

GDL is mainly composed of the curved fibers oriented in the IP

direction and some fiber-clusters distributed along the TP di-

rection. These fiber-clusters are compressed heavily to the IP

direction as CR>40%, resulting in an increasing conductivity in

the IP direction and a slightly decreasing conductivity in the

TP direction.

The electrical resistivity in both the IP and TP directions

decreases obviously for the paper-type GDL as CR increases, as

shown in Fig. 6(b) and (c). The electrical resistivity in the TP

direction of the felt-type GDL first decreases as CR increases to

about 40% and then increases very slightly as CR increases

from 40%. This can be also explained by the 3Dmicrostructure

changing of the fiber-clusters inside the felt-type GDL. The

fiber-clusters along the TP direction are compressed obviously

to the IP direction, leading to a fast-decreasing electrical re-

sistivity in the IP direction and a slightly increasing electrical

resistivity in the TP direction as CR > 40%. The electrical re-

sistivity in the TP direction for the felt-type GDL ismuch lower

than that of the paper-type GDL owing to the more isotropic

microstructure and some fiber-clusters oriented along the TP

direction. On the other hand, the electrical resistivity in the IP

direction and its decreasing rate for the felt-type GDL is much

higher than that of the paper-type GDL. This is because the

fibers inside the paper-type GDL are mainly distributed in the

IP direction layer by layer. As CR > 50%, the IP electrical re-

sistivity of the felt-type GDL decreases to approach that of the

paper-type GDL. Therefore, it is suggested to set CR to about
Fig. 8 e Compression force applied on paper-type and felt-

type GDLs at different CRs.



50% for the felt-type GDL, or fabricate the felt-type GDL with

higher bulk density.

Comparison of the mechanical strength

In this subsection, the mechanical strength of two types of

GDLs are analyzed, such as the relationship between the stress

and strain, which reflects the ability to resist the structural

change ormicrostructure damage. The compression force and

thickness of GDLs are controlled and measured by Instron

5565 (5 kN) setup, which combines the displacement and
Fig. 9 e Reconstructed 3D microstructures of (aec) pap
stress sensors, as shown in Fig. 7(a). A suitable compression

force is beneficial for sealing a GDL, but an excessive forcemay

result in some structural damage, such as broken fibers and

shedding binder, as shown in Fig. 7 (b). The microstructure

inside the paper-type GDL is damaged after compression with

a CR of 40%, which will significantly affect the overall perfor-

mance and durability of PEMFCs. The felt-type GDL shows a

better ability to stop fibers from being broken after the

compression with a CR of 60%, as shown in Fig. 7 (c). This is

because the elasticity of the felt-type GDL is higher, which

results in a higher softness of the GDL.
er-type and (def) felt-type GDLs at different CRs.



Fig. 8 shows the relationship between the compression

force and CR of the paper-type and felt-type GDL samples,

which reflects the mechanical response of the GDL micro-

structures. The compression force increases faster and faster

as CR increases for both types of GDLs. This is because the

bulk density among the fibers becomes higher and the resist

force turns to be higher as CR increases. The increasing rate of

the compression force for the paper-type GDL is significantly

faster than that of the felt-type GDL. This is expected because

the porosity of the paper-type GDL is much lower, resulting in

a higher resistance to be compressed. As the applied

compression force is set as 0.2 MPa, the CRs are 20% and 50%

for the paper-type and felt-type GDLs, respectively. This is

because the felt-type GDL is much more porous and easier to

be compressed. The performance of gas-water transport

through the channel inside the felt-type GDL will decrease

significantly because more fibers will be intruded to the

channel space as CR increases. Therefore, a suitable

compression force is needed to balance the sealing problem

and transport properties of a GDL.

Fig. 9 shows the reconstructed 3D microstructures of the

paper-type and felt-type GDLs at different CRs. The felt-type

GDL is more isotropic because of the curved fibers distrib-

uted in the IP direction and some fiber-clusters orientated

along the TP direction. The fiber-clusters are compressed

obviously to the IP direction as the CR increases. The com-

parison between two types of GDLs can guide microstructural

design with higher mechanical strength and transport prop-

erties by combing the advantages between them. The carbon

felt is suggested to be fabricated with thinner thickness and

higher bulk density to increase the mechanical strength. The

carbon paper is suggested to be fabricated with some fiber-

clusters along the TP direction to improve the transport

properties.
Conclusions

In this paper, XCT, thermal-electrical conductivity measure-

ments, compression tests, PSM and LBM methods are com-

bined to compare the porosity, gas diffusivity, liquid water

permeability, thermal conductivity, electrical resistivity and

mechanical strength of the paper-type and felt-type GDLs at

different CRs. It is suggested to combine the advantages of

them to balance the mechanical strength and transport

properties of GDLs, such as fabricating the carbon fibers like

felt-type GDL in the TP direction and paper-type GDL in the IP

direction, whilst changing the porosity (bulk density) between

two types of GDLs. This work can provide a new direction for

microstructural optimization and performance improvement

of GDLs. The main findings are summarized as follows:

(1) The porosity decreases as CR increases, and the porosity

of the felt-type GDL with a CR of 60% is much higher

than that of the paper-type GDL with a CR of 0%.

(2) The gas diffusivity decreases as CR increases, and the

diffusivity of the felt-type GDL is approximately 50%

higher than that of the paper-type GDL.

(3) The liquid water permeabilities are, respectively,

decreased very fast as CR<10% and CR<20% for the
paper-type and felt-type GDLs. The permeability of the

felt-type GDL is at least two times higher than that of

the paper-type GDL.

(4) The conductivities of the paper-type GDL increase

obviously as CR increases. The conductivities of the felt-

type GDL in the TP direction increase slowly as CR in-

creases to 40% while slightly decrease as CR exceeds

40%. The TP conductivities of the felt-type GDL are

significantly higher than that of the paper-type GDL.

(5) The microstructure of the paper-type GDL is damaged

after compression, while the felt-type GDL shows a

higher elasticity. The compression force increases

faster and faster as CR increases for both types of GDLs,

and the increasing rate of the paper-type GDL is much

higher.
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