
This is a repository copy of Effects of compression on mechanical integrity, gas 
permeability and thermal stability of gas diffusion layers with/without sealing gaskets.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/174382/

Version: Accepted Version

Article:

Aldakheel, F., Ismail, M.S. orcid.org/0000-0002-9539-8925, Hughes, K.J. et al. (3 more 
authors) (2021) Effects of compression on mechanical integrity, gas permeability and 
thermal stability of gas diffusion layers with/without sealing gaskets. International Journal 
of Hydrogen Energy, 46 (44). pp. 22907-22919. ISSN 0360-3199 

https://doi.org/10.1016/j.ijhydene.2021.04.087

Article available under the terms of the CC-BY-NC-ND licence 
(https://creativecommons.org/licenses/by-nc-nd/4.0/).

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long 
as you credit the authors, but you can’t change the article in any way or use it commercially. More 
information and the full terms of the licence here: https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



1 

 

Effects of compression on mechanical integrity, gas permeability and thermal 1 

stability of gas diffusion layers with/without sealing gaskets 2 

F. Aldakheel a, b *, M.S. Ismail a, c *, K.J. Hughes a, D.B. Ingham a, L. Ma a, and M. Pourkashanian a, c 3 

a Energy 2050, Department of Mechanical Engineering, Faculty of Engineering, The University of 4 
Sheffield, Sheffield, S3 7RD, United Kingdom 5 

 6 
b Energy and Building Research Center, Kuwait Institute for Scientific Research (KISR), Al-Jaheth Street, 7 

Shuwaikh Educational Area, P.O. Box 24885, Safat, 13109, Kuwait 8 
 9 

c Translational Energy Research Centre (TERC), University of Sheffield, Sheffield, S9 1ZA, United 10 
Kingdom 11 

 12 

* Corresponding authors: Tel: +44 114 21 57242 13 
Email addresses: faajma1@sheffield.ac.uk (F. Aldakheel); m.s.ismail@sheffield.ac.uk (M.S. Ismail) 14 

  15 

mailto:faajma1@sheffield.ac.uk
mailto:m.s.ismail@sheffield.ac.uk


2 

 

Abstract  1 

The compressibility, the gas permeability and the thermal stability of 4 commercially available 2 

uncoated GDLs (or carbon substrates) and MPL-coated GDLs are, with/without Teflon and silicone 3 

sealing gaskets, investigated before and after performing ex-situ compression tests mimicking the 4 

compressive stresses within the fuel cell. The results show that the gas permeability of the tested 5 

GDLs are impacted more with Teflon gaskets than with the silicone gaskets and this is due to the 6 

lower stiffness of the former gaskets. Likewise, the GDLs are more deformed with the Teflon 7 

gaskets than with silicone gaskets and this is due to the same reason mentioned above. The 8 

thermogravimetric analysis (TGA) data suggests that the bare carbon substrates, unlike the MPL-9 

coated GDLs, lose up to 40% of the PTFE material after the compression test either with or without 10 

sealing gaskets.          11 

 12 

Keywords: PEM fuel cells; Gas diffusion layers; Compression; Gas permeability; Sealing gaskets; 13 

Thermogravimetric analysis 14 
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1. Introduction 1 

Polymer electrolyte membrane (PEM) fuel cells are energy converters that directly and efficiently 2 

produce electricity, with zero-emission at the point of use. Owing to its high efficiency (~ 50%), 3 

noise-free operation and clean by-products (only pure water), PEM fuel cell is one of the promising 4 

power conversion technologies for a multitude of portable, automotive and stationary applications. 5 

One of the essential components inside PEM fuel cells is a gas diffusion layer (GDL). GDLs are 6 

mainly responsible for supplying the reactants (i.e. O2 and H2) from the flow channels grooved in 7 

the flow-field plates to the active areas in the catalyst layers as uniformly as possible [1]–[3].  8 

Additionally, GDLs transport electronic charge and heat between the catalyst layers and the flow 9 

field plates and act as a mechanical support to the delicate catalyst layers. Further, they are typically 10 

coated with hydrophobic microporous layers (MPLs) to improve the electrical contact with the 11 

catalyst layers and to assist in rejecting excess water generated at the cathode side of the fuel cell 12 

[4], [5]. 13 

There are different factors that play a significant role in affecting the mass transport properties of 14 

the GDLs (e.g. gas permeability and diffusivity). The GDL is subject to two types of degradation: 15 

mechanical degradation (due to the stresses acting on the GDLs) and chemical degradation (due to 16 

the erosion and corrosion taking place within the environment of the fuel cell). It should be noted 17 

that these forms of degradation are not limited to the GDLs and could be seen with the other 18 

components of the fuel cell such as the bipolar plates. For example, Li et al. [6] found that, through 19 

conducting durability tests for a high-temperature PEM fuel cell, the degradation in  fuel cell 20 

performance reduces to almost zero if the used stainless steel plates are coated with stacked layers 21 

of chromium nitride and chromium. This is evidently due to the reduction in the chemical 22 

degradation of these plates that were coated with corrosion-resistant layers. On the other hand, the 23 
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degradation in fuel cell performance in the case of bare stainless steel or graphite bipolar plates is 1 

around 16%.  2 

There are two types of mechanical stresses (or compressions or pressures) that the GDL normally 3 

undergoes: a constant stress dictated by the assembly of the fuel cell (assembling compression), and 4 

a cyclic stress arising from the cycles of swelling (in case of membrane hydration) and shrinkage 5 

(in case of membrane dehydration) [7]. The effects of the assembling compression on the fuel cell 6 

performance have been investigated by many research groups [8]–[12]. Overall, they found that 7 

there exists an optimum compression at which the fuel cell performance is maximised and this lies 8 

normally between 1 and 2 MPa. Too low compression pressure does not create good contact 9 

between the key components of the fuel cell, in particular between the GDLs and the flow field 10 

plates. On the other hand, too high compression significantly decreases the porosity of the porous 11 

media (GDLs), resulting in increased mass transport losses due to inadequate supply of reactants to 12 

catalyst layers and/or poor rejection of liquid water. What follows shows the key findings of some 13 

of the relevant investigations. Mason et al. [11] investigated the effects of compression on the 14 

PEMFC performance and found that the mass transport losses increase as the compression increases 15 

from 0.5 to 2.5 MPa, resulting in a lower limiting current density. Ous and Arcoumanis [12] found 16 

that excessive compression (> 4 MPa) drastically increases the mass transport losses, leading to a 17 

much reduced limiting current density. Zhou et al [13] investigated the effects of a compression 18 

(0.58 - 2.43 MPa) on a fuel cell performance and found that the output power of the fuel cell is a 19 

maximum at 1.62 MPa. 20 

The level of compression that the GDL undergoes is somewhat regulated by the presence of the 21 

sealing gaskets and this is obviously due the relatively high porosity of the GDL which could be as 22 

high as 90% [14][15]. This regulation of compression induced by the sealing gasket could prove 23 

useful as the mass transport of the GDL material are, with sealing gaskets, not badly affected due 24 
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to compression. The primary function of the sealing gaskets is, as implied by their name, to seal the 1 

fuel cell and prevent gas leakage at either side of the fuel cell. The sealing gaskets should be 2 

sufficiently strong to withstand the compressive pressures applied to the fuel cell and should ideally 3 

at the same time allow for good contact between the flow field plates and the gas diffusion layers 4 

[16]. They should also be chemically stable to resist for example the corrosive environment at the 5 

cathode side [17]. The literature shows a good number of research studies that have been conducted 6 

to investigate the mechanical or the chemical properties of the sealing gasket materials used in PEM 7 

fuel cells. Li et al. [18] studied the chemical degradation of the silicone rubber gaskets using five 8 

different aging solution with different concentrations. The aging process was up to 2500 hours. The 9 

XPS and ATR-FTIR spectroscopy showed that the surface of the silicone rubber gaskets 10 

experienced significant changes (e.g. cracks) as a sign of the deterioration of the material of the 11 

sealing gasket.  12 

Tan et al. [19] investigated the chemical and mechanical durability of four different commercial 13 

sealing gaskets (Silicone S, Silicone G, EPDM, and FL) under fuel cell operating conditions. A 14 

regular (98% H2SO4 dissolved in balance in balance reagent grade water) and accelerated durability 15 

test or ADT (48% HF dissolved in balance in balance reagent grade water) solutions and three 16 

bending angles (0, 90 and 120°) were used for the test. Tan et al. [13] showed that both silicone 17 

gaskets have a mass loss and cracks in the regular and ADT solutions. However, the EPDM and FL 18 

gaskets only showed degradation after 45 days of their exposure to the ADT solution at a bending 19 

degree of 120°. On another study, Tan et al. [22] found that degradation rate of the silicone gaskets 20 

increases with increasing temperature as evidenced by the weight loss measurements at 60 °C (~ 1 21 

%) and 80% (~ 3%) after a 12-week durability test. Ghosh et al. [20] investigated different clamping 22 

forces with two types gaskets using contact pressure distribution films. The purpose of the study 23 

was to identify the influence of gaskets, varying in material and thickness, on the contact between 24 

the GDL and the flow field plate. Results showed that the spacing between the gasket and the GDL 25 
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should be reasonable (≤ 0.2 mm) in order to achieve a good contact between the GDL and the flow 1 

field plate. Lin et al. [21] experimentally investigated the effect of gasket thickness (0.05 – 0.48 2 

mm) with two different types of carbon cloth GDLs (NC14 and OC14) on the overall performance 3 

of the cell. The results showed that the optimum compression ratios for NC14 and OC14 GDLs that 4 

maximises the fuel cell performance are 59% and 64%, respectively.  5 

Another important, but related, topic is the effect of the compression on the structure of the GDLs. 6 

Few examples are given. Banerjee at al. [22] investigated the effect of compression on the porosity 7 

distribution of the GDL using means of X-ray computed tomography. They found that rib 8 

compression has almost no impact on the microporous layer. Nitta et al. [23] studied the effect of 9 

compression on the GDL thermal conductivity and the contact resistance between GDLs and 10 

graphite plates. They showed that the GDL thermal conductivity is almost insensitive to the 11 

compression applied (0-5.5 MPa). Of particular interest is the impact of compression on the loading 12 

of the hydrophobic agent (e.g. PTFE). The GDL should be reasonably hydrophobic in order to be 13 

capable of rejecting excess liquid water that may hinder the flow of the reacting gas to the catalysts 14 

layer. It was shown in our previous work the contact angle, which is a measure on how hydrophobic 15 

the GDL is, decreases by up to 10% after applying compressive stresses generated by a universal 16 

testing machine [24].This is probably partly due the PTFE layers being stripped from the carbon 17 

fibres of the GDL. To this end, it would be of interest to explore the effects of compression on the 18 

PTFE loading of the GDL in the absence/presence of sealing gaskets. Thermogravimetric analysis 19 

(TGA) has been successfully employed to quantify the amount of PTFE in various types of GDL 20 

materials [25]–[28].  21 

In this paper, we investigate, for the first time, how the sealing gaskets could affect the mass 22 

transport properties of the GDL. However, we focus on how the GDL gas permeability, which is 23 

more convenient to estimate compared to for example gas diffusivity, changes before and after 24 
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compression and with/without sealing gaskets. Both gas permeability and diffusivity of the GDL 1 

scale with porosity and therefore the changes in the gas diffusivity due to compression are expected 2 

to follow the same trends of the gas permeability. Further, to investigate the structural integrity of 3 

the GDL after applying compression in presence/absence of sealing gaskets, TGA is performed. 4 

TGA is specifically used to quantify the amount of PTFE loss as a result of compression.    5 

2. Methodology 6 

2.1. Materials  7 

Four different commercial GDL materials and two different types of gaskets were used in this study. 8 

The sheets of the selected two gasket materials have the same thickness, ~ 0.25 mm, but are made 9 

from different materials: Teflon and silicone HT-6135 (Rogers Corporation, USA). Table 1 shows 10 

the investigated GDL materials, their initial thicknesses, porosities and PTFE loadings (in the 11 

carbon substrate and, if applicable, the microporous layers or the MPLs). Each set mentioned in the 12 

table consists of 5 one-inch diameter GDL material samples and the numbers 1, 2 and 3 refer to the 13 

set of samples being tested: without using gaskets, with Teflon and silicone gaskets, respectively. 14 

Table 1 Initial thickness (measured), PTFE loaidng and porosity (as reported in the liteature) of the tested GDL 15 

materials. 16 

GDL material Initial Thickness (µm) (a) PTFE 

Loading 

(%) 

PTFE 

Loading of 

MPL (%) 

Porosity 

(%) 

SGL-34-BA Set 1: 265.8 ± 4.0 5 NA 81 [29] 

Set 2: 268.3 ± 3.7 

Set 3: 266.0 ± 4.4 

SGL-34-BC Set 1: 306.0 ± 3.2 5 25 75 [29] 

Set 2: 301.3 ± 4.2 

Set 3: 303.8 ± 3.3 

SGL-39-BA Set 1: 251.8 ± 3.4 5 NA 89 [29] 

Set 2: 253.5 ± 3.4 

Set 3: 253.5 ± 3.6 
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SGL-39-BC Set 1: 300.0 ± 2.9 5 25 82 [29] 

Set 2: 286.5 ± 2.9 

Set 3: 297.0 ± 3.3 
(a) 

The errors are based on the 95% confidence interval around the mean thickness of 5 samples 1 

It should be noted that SGL 34BA and SGL 39BA are both non-woven carbon substrates; however, 2 

they are, as implied by their porosity values, of different structures. SGL 34BA is probably, with 3 

the lower-porosity, more suitable for low-humidity operating conditions than the SGL 39BA [30]. 4 

2.2. Mechanical characterisation 5 

The compression test for both the GDLs and gaskets was conducted using a universal testing 6 

machine, Shimadzu EZ-LX (Shimadzu corporation, Japan). The readings obtained were corrected 7 

for machine compliance as described in [31]. To investigate the effects of the gaskets on the 8 

compressibility of the GDL materials, the GDL samples of the first set (i.e. Set 1) and the gasket 9 

samples were separately tested for compression. The GDL samples of the second or the third set 10 

(i.e. Set 2 or Set 3) were then tested for compression in combination with the Teflon or silicone 11 

gasket materials; see Figure 1(a). The diameter of the GDL sample is 1.0 inch and the outer diameter 12 

of the annular gasket sample encircling the GDL sample is around 1.5 inch.  As detailed in [24], the 13 

test was designed to simulate the various compression types that the GDL materials subjected to 14 

inside the housing of the fuel cell, namely: (i) the assembling compression and (ii) the cyclic loading 15 

and unloading compressions arising from the hydration and the dehydration of the membrane 16 

electrolyte. It should be noted that the compression on the GDL due to the swelling of the membrane 17 

could be up to 2 MPa [24], [32]. To this end, the total compression applied to the GDL samples was 18 

set to 3 MPa (1 MPa representing assembling compression plus 2 MPa due to membrane swelling). 19 

Figure 1(b) shows the sequence of the compression test with time: the first third of the loading 20 

stroke (0 to 1 MPa) represents the assembling compression and the following 1 to 3 MPa cyclic 21 

compressive strokes represent the loading and the unloading compressions the GDL undergoes due 22 
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to the swelling (due to hydration) and the shrinkage (due to dehydration) of the membrane 1 

electrolyte.  2 

 

 

(a) (b) 

 Figure 1 (a) A schematic showing the top view of the combination of the circular GDL sample and the annular gasket sample 3 
and (b) the pattern of the compression test used on the tested GDLs and gaskets.  4 

 5 

2.3. Through-plane gas permeability test 6 

The gas permeability of the GDL samples before and after compression test was estimated using an 7 

in-house gas permeability setup which comprises of upper and lower fixtures as shown in Fig. 2. 8 

Circular GDL samples, with 25.4 mm diameter, are firmly placed between the two fixtures [33]–9 

[37]. A 0.1 lit/min mass flow controller (HFC-202, Teledyne Hastings, UK) was used to control the 10 

flow rate of nitrogen gas over the GDL samples. Five to seven incremental flow rates were used for 11 

each test and the pressure drop across the sample was measured for each flow rate using a highly 12 

sensitive (~ 12 Pa) pressure transducer (PX653, Omega, UK).  13 

 14 

 15 

 16 
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Figure 2 A schematic of the gas permeability set-up. Reproduced with permission from Elsevier from [21].  14 

 15 

The resulting pressure gradient – flow rate curves were shown to be almost linear (see Fig. 3). 16 

Subsequently, the inertial losses were assumed to be negligible and Darcy’s law was used to 17 

estimate the through-plane gas permeability of the GDL samples:  18 

 19 

∆𝑃𝐿 = 𝜇𝐾 𝑢 (1) 

𝑢 = 𝑄𝜋𝐷2/4  (2) 

where ∆𝑃 is the pressure difference across the GDL sample, 𝐿 is the measured thickness of the 20 

sample, 𝜇 is the dynamic viscosity of the flowing gas (i.e. nitrogen) which is about 1.8 × 105 Pa.s at 21 

20 °C, 𝐾 is the gas permeability of the GDL sample, u is the velocity of the flowing gas, 𝑄 is the 22 

volumetric flow rate and 𝐷 is the diameter of the GDL sample (1 inch).  23 

Upstream Fixture 

Downstream Fixture 

Mass Flow Controller 

Nitrogen Cylinder 

Local pressure 
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Fig. 3 shows the pressure gradient as a function of gas velocity for the SGL-39-BA samples before 1 

and after compression test: (a) without using gaskets (Set 1), (b) with Teflon (Set 2) and (c) silicone 2 

(Set 3) gaskets. The experimental data were linearly curve-fitted to obtain the slope of the curve 3 (𝜇 𝐾⁄ ) to estimate the gas permeability of the sample using Equation (1). It is noteworthy that the 4 

error bars in Fig. 3 represent the 95% confidence intervals around the mean values of the pressure 5 

gradients.      6 

  
 

Figure 3 Pressure gradient versus gas velocity experimental data before and after compression for SGL-39-BA 7 
samples before and after compression: (a) without using gaskets (b) with Teflon gaskets and (c) with silicone gaskets. 8 

2.4. Thermogravimetric Analysis (TGA) 9 

Pyris 1 TGA Thermogravimetric Analyzer (PerkinElmer, USA) was used at a heating rate of 10 10 

°C/min and under a nitrogen flow rate of 20 ml/min. This step was conducted to ensure that 11 

oxidation of the tested samples does not take place. The samples were initially exposed to nitrogen 12 

flow for 15 minutes at a temperature of 30 °C. TGA analysis is then performed as the sample is 13 

heated from 30°C to 900°C at the above-mentioned rate (i.e., 10 °C/min). 14 

3. Results and discussion  15 

3.1. Compression test 16 

Fig. 4 shows the stress-strain curves for the investigated GDL materials as they were (a) without a 17 

gasket, (b) with Teflon and (c) with silicone gaskets. Namely, the hysteresis (i.e., the difference 18 

between the forward curve (loading) and backward curve (unloading) is significant for the first 19 
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cycle and becomes much less significant for the subsequent cycles. As explained in [24] , this means 1 

that the first compression, caused by cell assembling, is responsible for most of the GDL 2 

deformation. This also means that the amount of heat dissipation resulting from the internal friction 3 

(the area enclosed between the forward and backward paths) in the first cycle is the maximum [38]. 4 

Subsequent cycles of loading (due to membrane hydration) and unloading (due to membrane 5 

dehydration) contribute much less to the deformation of the GDL, resulting in much less energy 6 

dissipation and signalling that the tested material has almost mechanically reached the equilibrium 7 

(or saturation) state [24]. As shown in Fig. 4b and 4c, the gaskets have an effect on the mechanical 8 

behavior of the GDL material. Namely, the GDL material in general becomes more resistive to the 9 

compression in the presence of the gaskets; for example, the strain at the maximum applied stress, 10 

i.e. 3 MPa, for SGL 34BA is less than 0.4 in the presence of the gaskets whereas it is around 0.45 11 

in the absence of the gaskets. This is, compared to the GDL materials, obviously due to the high 12 

mechanical resistance demonstrated by the tested gasket materials; see Fig. 5. Notably, the GDL 13 

samples with Teflon gaskets show less hysteresis than those with silicone gaskets; this is in 14 

accordance with the stress-strain curves of the investigated gaskets where the Teflon gaskets 15 

demonstrate less hysteresis compared to silicone gaskets (Fig. 5). It should be noted that the 16 

thicknesses of used gaskets did not change after the compression test. It can be seen from Fig. 4 that 17 

the MPL-coated GDL materials are more resistive than their corresponding carbon substrates; to 18 

illustrate, the strain displayed by SGL 34BA at 3 MPa is around 0.45 whereas it is around 0.37 for 19 

SGL 34BC at the same stress. This is mainly attributed to the fact that the MPL-coated GDL 20 

represent a system of two mechanical resistances in series and therefore the mechanical resistance 21 

is expected to increase. Further, an “inter-phase” layer is formed between the carbon substrate and 22 

the MPL as a result of MPL penetration into the substrate [30]. This layer is made up from the MPL 23 

material and carbon fibers and acts as a reinforcing material. Consequently, this is expected to 24 

improve the overall stiffness of the GDL [31].25 



13 

 

 1 

GDL (a) Without gaskets (b) With Teflon gaskets (c) With silicone gaskets 

S
G

L
 3

4
-B

A
 

   

S
G

L
-3

4
-B

C
 

   



14 

 

S
G

L
-3

9
-B

A
 

   

S
G

L
-3

9
-B

C
 

   

Figure 4 The stress-strain curves of the tested GDL materials (a) without gaskets, with (c) Teflon gaskets and (d) silicone gaskets. 1 



15 

 

 1 

 2 

Figure 5 The stress-strain curves for typical samples of (a) Teflon and (b) silicon gaskets. 3 

 4 

3.2. Gas permeability  5 

The gas permeability of the tested GDL samples were experimentally estimated before and after 6 

compression tests in order to primarily evaluate the effects of the presence of the sealing gaskets. 7 

Table 2 shows the gas permeability of the samples before and after compression tests. It also shows 8 

the amount of reduction in permeability and thickness after performing the compression tests. 9 

Further, bar charts were generated for the gas permeability values to allow the readers to readily 10 

recognise the impact of compression on the gas permeability of the GDL samples (Fig. 6). As 11 

expected, the permeability and the thickness of the GDL samples that were subject to compression 12 

without encircling gaskets (i.e. Set 1) demonstrate significantly higher reduction in gas in thickness 13 

and gas permeability compared to those encircled with Teflon and silicone gaskets respectively (i.e. 14 

Sets 2 and 3). This is evidently because the gaskets, owing to their higher stiffness relative to GDL 15 

samples, limit the extent to which the GDL samples are compressed. For example, the mean 16 

thickness and permeability of SGL 34BA samples, which were not encircled by annular gaskets 17 

when subjected to compression, have reduced by about 16 and 18%, respectively, after 18 
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compression. On the other hand, the mean thickness of the GDL samples, encircled by silicone 1 

gaskets when subjected to compression tests (i.e. Set 3), has slightly reduced (slightly above 3%) 2 

and their mean gas permeability has hardly changed after compression. Fig. 7 shows the cross-3 

section SEM images of the investigated GDL samples before (a) and after exposed to compression 4 

(b) without gaskets, (c) with Teflon and (d) silicone gaskets. These micrographs clearly show the 5 

controlling effect of the used gaskets on the final thicknesses of the GDL samples; compare the 6 

images listed in column (b) with those listed in columns (c) and (d). The second observation is that 7 

the silicone gaskets, although they have more or less the same thickness as the Teflon gaskets, 8 

renders the thickness and the gas permeability of the GDL samples to be less reduced compared to 9 

those tested with Teflon gaskets. This is, as could be inferred from Fig. 5, attributed to the higher 10 

mechanical resistance featured by the silicone gaskets compared to Teflon gaskets. The third 11 

observation is that the MPL-coated GDL materials (i.e. SGL 34BC and SGL 39BC) demonstrate 12 

higher reductions in the mean thickness and gas permeability compared to their counterpart carbon 13 

substrates (i.e. SGL 34BA and SGL 39BA).  This is more to do with the fact that the coated GDLs 14 

(SGL 34BC and SGL 39BC) experience, as a result of compression, the penetration of the MPL 15 

into the body of the carbon substrate. The MPL is much lower in porosity than the hosting carbon 16 

substrates and hence a good portion of the void fraction in the carbon substrate is replaced with the 17 

compression-induced penetrating MPL material, thus resulting in a much reduced gas permeability 18 

compared to the uncoated GDLs. Notably, one of the tested carbon substrates (i.e. SGL 39BA) is 19 

more compressible than the other (i.e. SGL 34BA) and this is due the lower density and higher 20 

porosity characterising the former carbon substrates [29], [30]; this could be also deduced from the 21 

superficial SEM images of the above two carbon substrates, namely: larger pores at the surfaces 22 

displayed by SGL 39BA; see Fig. 8. As expected, the MPL-coated GDLs follow the same trend as 23 

the corresponding carbon substrates: SGL 39BC is more compressible than SGL 34BC. It should 24 

be noted that SEM surface images for the tested GDL materials before and after compression were 25 
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not presented as there were no noticeable differences in the superficial morphology of the GDL 1 

sample before and after applying the compression. This is most likely due to the use of flat and 2 

smooth compressing plates and that most of the deformation is internal.            3 

 4 

Table 2 Through-plane permeability before and after compression, and the percentage of both reduction in 5 
thickness and permeability. Set 1: without gaskets; Set 2: with PTFE gaskets; Set 3: with silicone gaskets.   6 

GDL Through-plane 

permeability before 

compression (m2) 

Through-plane 

permeability after 

compression (m2) 

Reduction 

in thickness 

(%) 

Reduction in 

permeability 

(%) 

SGL-34-BA Set 1: 

                     Set 2: 

                     Set 3: 

1.20 (± 0.09) × 10-11  

1.11 (± 0.04) × 10-11  

1.13 (± 0.08) × 10-11  

9.88 (± 1.94) × 10-12  

1.10 (± 0.09) × 10-11 

1.13 (± 0.05) × 10-11 

15.8 

5.55 

3.29 

17.7 

0.9 

0.0 

SGL-34-BC Set 1: 

                     Set 2: 

                     Set 3: 

2.63 (± 0.90) × 10-14  

2.90 (± 1.29) × 10-14  

3.05 (± 1.40) × 10-14  

1.58 (± 0.59) × 10-14  

2.48 (± 1.08) × 10-14 

2.67 (± 1.20) × 10-14 

14.3 

7.39 

5.76 

39.9 

14.5 

12.5 

SGL-39-BA Set 1: 

                     Set 2: 

                     Set 3: 

4.51 (± 0.20) × 10-11  

4.71 (± 0.16) × 10-11  

4.76 (± 0.49) × 10-11  

2.65 (± 0.26) × 10-11  

4.52 (± 0.09) × 10-11  

4.57 (± 0.44) × 10-11  

34.9 

4.64 

3.25 

41.2 

4.03 

3.99 

SGL-39-BC Set 1: 

                     Set 2: 

                     Set 3: 

1.80 (± 0.18) × 10-13 

1.60 (± 0.19) × 10-13 

1.76 (± 0.29) × 10-13 

3.77 (± 0.47) × 10-14  

1.26 (± 0.14) × 10-13  

1.45 (± 0.27) × 10-13  

29.8 

7.05 

6.48 

79.1 

21.3 

17.6 

 7 
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Figure 6 The through-plane gas permeability of the invetigated GDL materials  before and after compression.   
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Figure 7 Cross-section SEM images of the tested GDL materials (a) before and after compression (b) without gaskets, with (c) Teflon gaskets and (d) silicone gaskets. 
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 1 

 

Figure 8 SEM surface images for (a) SGL-34-BA, and (b) SGL-39-BA at a magnification of 50x 2 

 3 

3.3.  Thermogravimetric analysis 4 

Fig. 9 shows the TGA results for the tested GDL materials before and after compression. The PTFE 5 

material normally decomposes at around 600 °C [25] and therefore TGA could give an estimate of 6 

the amount of PTFE available in the tested GDL materials. Assuming that all the materials 7 

decomposing at ~ 600° is PTFE, the TGA of the uncompressed carbon substrates SGL 34BA and 8 

SGL 39BA suggests that the amount of PTFE in these GDL is around 12 wt. % (Fig. 9a and Fig 9 

9c). Following the same assumption, the amount of PTFE in the uncompressed MPL-coated GDL 10 

materials SGL 34BC and SGL 39BC is slightly higher: ~ 15 wt. % (Fig. 9b and Fig 9d) and this is 11 

apparently due to presence of further PTFE material in the MPLs. The amount of PTFE in the carbon 12 

substrates SGL 34BA and SGL 39 BA, after compression, reduce from 12 wt. % to around 7 wt. % 13 

signaling that some PTFE material was lost during the compression; this observation is applicable 14 

to all the sets of samples (i.e. compression in absence of gaskets or compression in presence of 15 

Teflon/silicone gaskets). This is in line with some previous findings (e.g. [39] [40]) where the  16 

compression was found to cause the PTFE amount in the GDL to be reduced and this due to the 17 

a) b) 
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breakage of carbon fibres and/or the PTFE layers coating these fibres, particularly those located 1 

under the ribs of the bipolar plates.   2 

However, the MPL-coated GDL materials behave differently; their PTFE loading is almost 3 

maintained after compression. This is probably due to positive impact of the MPL in terms of 4 

absorbing the compressive forces and subsequently mitigating the breakage of the PTFE bonds. 5 

This is in accordance with the findings of [22] where it was found that the compression has almost 6 

no effect on the MPL, thus corroborating our previous thought that the MPL acts as an absorbing 7 

and protective layer to the GDL sandwich. 8 

For a given temperature after 600 °C, the weight loss of the compressed samples is less than that of 9 

the uncompressed samples; this is most likely due to that the compression makes the GDL samples 10 

lose more decomposable materials (e.g. the binding resin [41]). This statement is supported by the 11 

observation that, for a given temperature after 600 °C, the weight loss of the GDL samples 12 

compressed with silicone gaskets is in general more than those compressed with Teflon gaskets and 13 

this is apparently due to the higher stiffness demonstrated by the former gaskets which allows for 14 

less breakage and subsequent less loss of the decomposable material.  15 

The TGA test was also performed for the tested gaskets (Fig. 9e). The results confirmed that the 16 

Teflon gaskets used are pure as there was no material left after 600 °C. They also show that the 17 

Teflon gaskets are more thermally stable than the silicone gaskets in the range between 200 and 600 18 

°C. This signifies the suitability of the Teflon gaskets for the fuel cells that operate within the above 19 

temperature range, such as phosphoric acid fuel cells (PAFCs). It is important to note that the 20 

operating temperature of PEM fuel cells is normally less than 100 °C, and therefore the thermal 21 

stability of either Teflon or silicone gaskets is not an issue.   22 
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Figure 9 TGA data for (a) SGL 34BA, (b) SGL 34BC, (c) SGL 39BA, (d) SGL 39BC and (e) Teflon and silicone gaskets. 1 

4. Conclusions  2 

The compressibility, the gas permeability and the thermal stability of two uncoated GDLs (or carbon 3 

substrates) and two MPL-coated GDLs have been investigated before and after preforming ex-situ 4 

realistic compression tests (mimicking the compressive stresses the GDL experience within the fuel 5 

cell housing) in the absence/presence of two commercial sealing gaskets (Teflon and silicone 6 

gaskets). The following are the main findings of the study: 7 

 The tested GDL materials are expectedly less deformed in the presence of the gaskets. They 8 

are also sensitive to the type of the gasket: they are less deformed with silicone gaskets than 9 

with Teflon gaskets and this is due to higher stiffness of the former type of gaskets.    10 

 The reduction in the gas permeability and the thickness of the tested GDL materials with 11 

Teflon gaskets are higher than that with the silicone gasket and this is evidently relatively 12 

higher stiffness of the latter gaskets.  13 
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 The MPL-coated GDL samples feature more reduction in their gas permeability and 1 

thickness compared to the corresponding bare carbon substrates; this is due to the 2 

penetration of the MPLs into the body of the carbon substrates as a result of compression.    3 

 The TGA data shows the PTFE loading of the tested carbon substrates, either without or 4 

with gaskets, reduces by about 40% after performing the compression test indicating that 5 

some PTFE material is stripped off as a result of the applied compressive forces. The MPL-6 

coated GDLs behave differently as they appear to lose no PTFE material after compression.  7 

 The GDL samples, subject to compression, shows less weight loss after 600 °C compared 8 

to uncompressed samples and this is most likely due to presence of less binding materials 9 

that are probably lost due to compression. This is corroborated by the observation that more 10 

weight loss is observed for the GDL samples compressed along with silicone gaskets that 11 

are mechanically stronger than the Teflon gaskets.    12 
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