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Resear ch highlights

* Moreredistic ex-situ compression tests on GDL materials are performed.

» Permeability, wettability and morphology of GDLs were examined before and after
compression.

e Coated GDLs are more resistive to deformation than uncoated GDLSs.

» Toray carbon substrate shows the highest resistance to deformation dueto its high
fibre density.

* AsMPL penetration after compression increases, the reduction in permeability
increases.
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Abstract

The through-plane gas permeability, wettabilityjckhness and morphology have been
investigated before and after a compression tdsthnis important to the GDL design. The
compression tests were designed to simulate thmlimissembling compression and the
cycles of loading and unloading arising as a resiuttydration/dehydration of the membrane.
Owing to the presence of the microporous layer (MRhe results show that the coated gas
diffusion layers (GDLs) are slightly more resistiteedeformation than the uncoated GDLs.
Amongst all the tested carbon substrates (i.e.utimated GDLSs), Toray carbon substrate
was found to show the least reduction in thickreess$ gas permeability after compression,
and this was attributed to its relatively high dgnand low porosity. As for the coated
GDLs, the level of MPL penetration for one of thested GDLs (i.e. SGL 35BC) was
significantly higher than that of the other GDLe(i.SGL 34BC), resulting in substantially
less reduction in thickness and gas permeabilitythef former GDL after compression.
Finally, the contact angles of all the tested GDhatenials were found to decrease after

compression due to the decreased surface roughness.

Keywords: PEM fuel cells; Gas diffusion layers; Compressi@as permeability; Contact

angle; MPL penetration
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1. Introduction

Proton exchange membrane (PEM) fuel cells (or Pehyalectrolyte Fuel Cells (PEFCs)) are
energy converters that directly convert chemicalrgy stored in hydrogen fuel into electrical
energy. In the last two decades, PEM fuel cellnetdgy has gained a good deal of attention
and this is primarily due to its high efficiencpw operating temperature, and consequent
rapid start-up [1]-[4]. Gas diffusion layers, pldcbetween the flow field plates and the
catalyst layers, are key components in PEM fudsc#hey enhance the uniformity of the
distribution of the reacting gases over the catdbyger and assist in removing excess liquid
water [5], [6]. Typically, GDLs are made of eithgoven carbon or non-woven carbon fibers.
Each type of GDL has its own characteristics amditd with regards to the porosity,

diffusivity, mechanical properties and gas permiggbi

The lifetime and the durability of the GDL is anportant aspect that affects the overall
performance of the PEM fuel cell and is closelyrelated to the properties of its main
components [7]. Generally, there are two typesegrddation that significantly deteriorate
the functions of the GDL and in turn the performant the PEM fuel cell namely, chemical
degradation and mechanical degradation. Briefly,diiemical degradation is attributed to the
corrosion and erosion of the carbon loading, ad a®lthe wetting characteristics of the
polytetrafluoroethylene (PTFE) available in the GDRn the other hand, the mechanical
degradation is attributed to two main sources, mam@) the compression while assembling
the fuel cell, and (ii) the cyclic compression disethe hygrothermal effects [8]. Much
research has been conducted on the compressiatsedie the overall performance of PEM
fuel cells [9]-[12], and the electrical contactistance between various fuel cell components
[13]-[17]. For instance, Escribano et al. [18] doated an experimental investigation to

evaluate the compressibility of different types @DL samples using a universal testing
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machine (INSTRON 4450). They used a stack of 10 GBinples in order to minimise the
error associated with the measurement of the Gldknless during compression. However,
using a stack of multiple GDL samples can leadn@ccuracy in determining the actual

thickness of each GDL sample after compression.

The clamping force used to assemble the fuel aalifscantly affects its performance and it
needs to be optimized to ensure (i) good electdoatact between the various components of
the fuel cell and (ii) adequate supply of reactyages to the catalyst layer. Xing et al. [19]
conducted a numerical study to determine the optinulamping pressure value under
different operating voltages. They found that egeanf 1.0-1.5 MPa of clamping pressure is
optimum as it results in reasonably low contacistaace and an adequate supply of reactants
to the catalyst layer. This is in line with the seamendation of the US Department of Energy
(DoE) that the compression on the fuel cell beMPa [20], [21]. There has been a number
of studies that have investigated the effects efrttechanical compression on the dynamics
of liquid water and, consequently, on the fuel gaiformance. Kulkarni et al. [22] studied
how two different compression ratios, namely 25 &béo, affect the dynamics of liquid
water and, subsequently, fuel cell performanceirTiesults showed that the increase in the
compression ratio from 25 to 35% results in higheass transport resistance, leading to
lower fuel cell performance. Similarly, Wu et &3], using in-operando neutron radiology,
conducted a study to investigate the effect offeidint compression ratios on the transport
and distribution of liquid water. The results shovtbat relatively high compression ratios
could cause serious limitations in mass transfet #ms is due to the increased water
accumulation. Therefore, it was recommended to arseptimum assembly compression

which ensure gas-tightness, reasonably low coatatimass transport resistances.
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However, at low fuel cell voltages, the rate otwtical reactions is higher and therefore
higher amounts of reactants are required. In thsecthe clamping pressure needs to be
relatively low (e.g. 0.8 MPa) to allow more readtgases to reach the reactive areas in the
catalyst layer especially under the areas bendshribs of the flow-field plates [19].
Notably, only a few studies have investigated tfiecés of cyclic compression, arising as a
result of the hygrothermal effects, on the GDL mate For instance, Gigos et al. [24]
experimentally and numerically investigated theseti$ of cyclic compression in the range of
0-12 MPa on 3 different types of GDL materials. yheund that the deformation is

irreversible after the first loading.

Radhakirshnan and Haridoss [25] conducted an arpat to analyse the impact of cyclic
compression on the GDL material at two differentges: 0-1.7 MPa and 0-3.4 MPa. The
GDL material used in their study was Toray papeGFTH-120), and it was compressed
using a pair of aluminum end plates with two gréplplates between which the GDL is
sandwiched. They found that, as a result of thdiegpryclic compression, a permanent
deformation in the GDL structure occurs. This clengthe structure has a direct impact on
other GDL properties: surface roughness, electresistance, GDL thickness and in-plane
permeability. Mason et al. [13] similarly conducted study on the effect of cyclic
compression on a Toray GDL material using a comiakecompression-controlled unit cell.
They studied the effects of cyclic compression loa thickness and the electrical resistance
of the GDL materials. It was found that the defatiora of the tested GDL becomes
permanent after 10 cycles. The compression, eigteady-state or cyclic, affects the
microstructure and, consequently the transportgnas of the GDLs. One of the key mass
transport properties of the GDL that are influenbgdcompression is the gas permeability
which is important to be determined in order tdneate the contribution of the convective

flow and the distribution of saturation within tl&@DL [26], [27]. Also, the wettability,
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normally represented by the surface contact andléehe GDL, is another important
characteristic that is expected to be influenceacdypression, and significantly affects the

dynamics of liquid water on and within the surfate¢he GDL.

Gostick et al. [28] investigated the in-plane @mebugh-plane permeability of several GDL
materials. The in-plane permeability was measuretbudifferent compression ratios. They
found that by compressing the GDL sample to haltsoinitial thickness, the permeability is
reduced by an order of magnitude. El-kharouf et[2@] investigated the in-plane and
through-plane permeability under different steatdyes compressions using a Mercury
Intrusion Porosimetry (MIP). They investigated wovend non-woven GDL materials, and
found that the high fibre density of GDLs tendddwer the permeability. Also, there are a
number of experimental investigations on the effeicthe PTFE loading, carbon loading,
microporous layer (MPL) coating and sintering oe germeability of several GDL materials
[26], [27], [30]-[34]. For example, for a given PEHoading, the permeability was found to
decrease with increasing carbon loading and tmsaisly due to the increase in the thickness
of the MPL [33]. Fuel cell performance wise, theabkt of the MPL becomes apparent in the
intermediate current density region, i.e. the ohrtoss controlled region, since the
conformability of this layer minimises the contaesistance between the GDL and the
catalyst layer. Such a benefit outweighs the negatifects associated with the concentration

loss controlled region, i.e. long diffusion patimslaeduced mass transport properties [34].

Likewise, there have been similar investigationshia literature which attempt to correlate
the wettability of the GDL to the contact resistaretween the GDL and the bipolar plates
[35], thermal characteristics of the GDL surface5][3PTFE loading [37][38], MPL

composition [39][40] and GDL compression [25][3&adhakirshnan and Haridoss [25]

measured the contact angle for TGP-H-120 GDL radtbefore and after five cycles of
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compression. They found that the contact angleedses after each cycle of compression
and this was attributed to the loss of PTFE pasiads a result of compression. They also
compared the wettability of GDLs after compressamd after a 96-hour electrochemical
aging. They found that the cyclic compression tetwlsffect the hydrophobicity of the
sample more than the electrochemical aging. Kurat. §38] found that PTFE-treatment of
the GDL material in stages reduces the hydrophyblioss of the GDL after being subject to

cyclic compression.

As demonstrated above, very few experimental whekse been conducted to investigate the
effect of compression on the gas permeability drel wettability of the GDL materials.
Equally, previous compression tests appear to oeghe fact that the GDL inside the fuel
cell is subjected to two types of compressionagdembling compression, arising as a result
of the forces used to clamp and assemble the fakl components, and (ii) cyclic
compression induced by the swelling (caused byhthkeation) and shrinkage (caused by the
dehydration) of the membrane electrolyte. The lesfehydration/dehydration depends on
how much water is produced at the cathode electewdior the moisture content of the
oxidant and fuel gases. The compression on the @2l to swelling of the membrane could
be up to 2 MPa [41]. Therefore, in this study, weasured the through-plane permeability
and the contact angle of some commercially avalaBDL materials before and after
performing an ex-situ compression test which takés account the above-mentioned two
types of compressions (i.e. assembling and cyadimpressions). For the first time this
enables one to obtain accurate values for the gamsgability and the contact angle of the
GDLs placed inside the fuel cell. Feeding theseesbf the gas permeability and the contact
angle of the compressed GDLs into the PEM fuel geddels will certainly enhance the

prediction of these models and subsequently endbelter designs for the fuel cell
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components. To the best of the authors’ knowletiggre are no similar studies in the open

literature.
2. Methodology

This section explains the experimental methods eyeol to perform compression and
through-plane permeability tests on the GDL makeri&ive different commercial GDL

materials have been used in this investigationjeratshows their properties, as provided by
the manufacturers, i.e. Toray International (UK)d&GL Technologies GmbH (Germany).
The morphology and the gas permeability were ingastd before and after performing the
compression tests. In addition, scanning electrarascope (SEM) images obtained from a
JEOL instrument (Model JBM-BO10LA) have been usedrvestigate the morphology.

SEM cross-section images were obtained by pladiegsamples vertically using a cross-
sectional sample holder which enables the usebserve the top view of the edges of the
samples, thus allowing for the determination of thiekness. In other words, the scanned
side of the sample is the arc of the circular sas\pihich were originally obtained using a 1-
inch paper punch; this method has been adoptedrionme the amount of distortion in the

GDL structure that may be incurred through nornodiicg.

Table 1. Manufacturers physical properties of theested carbon paper substrates.
Manufacturer type Initial PTFE PTFE

Thickness® Loading Loading of

(hm) (%) MPL (%)
Toray-H-90 2825+10 5 NA
SGL-24-BA 210+ 3.1 5 NA
SGL-10-BA 397510 5 NA
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SGL-34-BC 317.5+24 5 25

SGL-35-BC 3225+10 5 25

(a) Thickness measurements are based on 95% cocdide

2.1 Compression test

A universal testing machine, Shimadzu EZ-LX, wasdu® perform the compression tests on
the investigated GDL samples. The machine was ciadefor compliance as described in
[42]; such a procedure ensures the mitigation & thaccuracies associated with the
estimation of the thickness of the samples undarggthie compression test. The compression
test was designed in such a way that simulatesitial iassembling compression of 1 MPa
(0-1 MPa), followed by 10 cycles of loading andaading in the range between 1 and 3
MPa, thus simulating the compression arising assalr of hydration/dehydration of the
membrane electrolyt&his cyclic range (i.e. 1-3 MPa) covers the extrerages of fully dry
and fully hydrated membrane electrolytes. The caadiwe value of 3 MPa was selected in
order to cover the highest possible compressioiGibe material may be subjected to inside
the fuel cell. The ambient temperature and reladtwidity in the laboratory at the time that
the compression tests were performed were abo@ 308 40%, respectively. Fig. 1 shows
the applied load on the tested GDL samples as@ifumof time. To conform to the size and
shape of the sample holder of the gas permealsbtyp, the GDL samples were made

circular with a diameter of 25.4 mm.
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Fig. 1 Applied load as a function of the time subjged on the GDL samples during compression.

2.2 Through-plane gas permeability test

Fig. 2 shows a schematic of the in-house built setsed to estimate the through-plane
permeability of the tested GDLs. As shown in FigtHe setup comprises lower and upper
fixtures, and a GDL sample of 25.4 mm is placed tglotened between these two fixtures
[32]. Nitrogen gas is forced to flow through themgde, and measurements are taken by
obtaining the pressure drop across the GDL foeastl5 flowrates. A flow controller (HFC-
202, Teledyne Hastings, UK) with a range of 0.0-8LPM is used to control the flowrate of
the nitrogen gas. A differential pressure sensof6@3, Omega, UK) with a range of

+12.5 Pa, was used to measure the pressure ddfesamoss the GDL sample.




Mass Flow Controller

X

Nitrogen Cylinder
Upstream Fixture

= oo
= Y
GDL 3
Sample$
¢ Downstream Fixture
4

17
188 Local Pressure
189 Fig. 2 A schematic of the experimental setup of thiarough-plane permeability. Reprinted from Ref. [] with
190 the permission of Elsevier.

191

192 The assumption of negligible inertial losses isidvalue to the sufficiently low flow rates
193 used. Therefore, Darcy's law could be used to tkeithe gas permeability of the GDL

194 samples, i.e.

195
AP _H 1)
T k"
196
__0 )
Y= D24

10



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

whereaP is the pressure difference across the GDL sanipige,the measured thickness of
the sampley is the dynamic viscosity of the flowing gas (imgtrogen) which is about 1.8 x
10° Pa.sat 20 °C,K is the gas permeability of the GDL sample, u is Welocity of the
flowing gas,Q is the volumetric flow rate andl is the diameter of the GDL sample. Fig. 3
shows typical pressure gradients as a functiorhefvielocity of the flowing gas for: (a)
Toray-H-90 (uncoated) and (b) SGL-34-BC (MPL-coatek it could be seen from the
figure, different ranges of gas flow rates wereduk® the presented GDL materials. The
reason behind this is that the SGL GDL material 84BC) is MPL-coated and therefore it is
much more resistive to the transport of the flowgms compared to the uncoated GDL
material of Toray-H-90. To this end, much lowemfloates must be used when testing SGL
34BC in order not to exceed the maximum limit of fpressure sensor which is as low as
12.5 Pa. The presented set of data are measuredebafid after the compression of 5

samples of each GDL material. The error bars reptethe 95% confidence intervals. The
data were linearly curve-fitted to obtain the slagfethe curve, i.e%, and subsequently

calculate the gas permeability of the GDL material.

11
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Fig. 3 The pressure gradient as a function of thedlving gas velocity for (a) Toray-H-90 and (b) SGL-8-BC
before and after compression.

2.3 Contact angle test

A video drop shape system FTA200 goniometer (Hiest Angstroms, USA) was used to
measure the water contact angle of the GDL surfAsethe surface of the GDL is highly

inhomogeneous, the contact angle measurement tedgsperformed at as many positions
of the GDL sample as possible in order to obtairealistic average value of the contact
angle. In this work, the contact angle was measatelD positions of the GDL sample and

the average value and the 95% confidence intereed When calculated.

3. Results and discussion

3.1 Stress-strain curves

The mechanical charactersiation of the tested GBlmesented in the form of stress-strain

curves. Fig. 4 shows typical stress-strain cure@puncoated Toray-H-90 and (b) MPL-

12
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coated SGL-34-BC GDL samples. All the stress-stairves of the tested GDL samples
demonstrate the same trend: hysteresis, i.e. tfferafice between the forward curve
(loading) and backward curve (unloading), is sigaifit for the first cycle and then becomes
much less significant for the subsequent cycless irthplies that the very first compression
caused by the assembly of the fuel cell is resppdm$or most of the deformation of the GDL.
Subsequent cycles of the compression (or loadahgg,to the membrane hydration and non-
compression (i.e. unloading) due to the membrageodt contributes much less to the GDL
deformation. Although not clear from Fig. 4, thelueed thickness of the uncoated GDL
materials ( i.e. Toray-H-90, SGL-10-BA, SGL-24-B#end to saturate faster than those of
the coated GDL materials (i.e. SGL-34-BC and SGIBES. To elaborate further on this
point, Fig. 5 was generated, and it shows theivelathange in the strain from one cycle to
another at 1.5 MPa for the uncoated Toray-H-90 #ed MPL-coated SGL-34-BC GDL
materials. It could be inferred from the latterfig that the MPL-coated GDL materials show
slightly more mechanical resistance to deformati@an the uncoated GDL materials. This is
evidenced from the observation that the thicknelsshe uncoated Toray-H-90 visually
becomes saturated after tH2 @/cle whereas the MPL-coated SGL-34 BC GDL appeae
visually saturated after thé"@ycle. This observation is in accordance with theaithat the
addition of MPL to the GDL improves the mechanieistance of the GDL [18], [32], [42],

[43].
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Fig. 4 The stress-strain curves of the tested (a) Tay-H-90 and (b) SGL-34-BC GDL materials. (c) and ()l are
zoomed-in graphs of the cyclic compression part dhe stress-strain curves for Toray-H-90 and SGL-34-B,

respectively.
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Fig. 5 The percentage difference of the strain at 3.MPa for all the compression cycles of (a) Toray-+90 and
(b) SGL-34-BC.

3.2. Gas permeability

Table 3 shows the through-plane permeability vabfabe tested GDL materials before and
after compression. The average gas permeabilityegabf the uncompressed SGL-10-BA
(2.38 x 10" m?), SGL-24-BA (1.50 x 18" m?) and Toray-H-90 (6.62 x I'8 m?) GDLs are

in good agreement with those reported in the liteeafor the same GDLs by Ihonen et al.
[44] for SGL-10-BA (1.8 x 18" m? ) and by Gostick et al. [28] for SGL-24-BA(1.4518**

m?) and Toray-H-90 (8.99 x 18 m?). However, it is important to note, as mentionedhe

introduction, that there have been no studies teddhe through-plane gas permeability after
compression. It is observed from the latter tahk there exists a correlation between the
reduction in thickness and the reduction in the gesneability for either the uncoated and
MPL-coated GDL materials: as the reduction in thess increases, the reduction in the
through-plane permeability increases. The reduatiathe thickness of the GDL, caused by

compression signals that the porosity of the GDlcrel@ases. Subsequently, the gas

15
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permeability, which is a strong function of the g&ity, as evidenced from the Kozney-

268 Carman equation [28], decreases.
269 Table 2. Through-plane permeability before and afte compression, and the percentage
270 of both reduction in thickness and permeability.

GDL Type Through-plane Through-plane Reduction in Reduction in
permeability before permeability after thickness (%) permeability
compression (M) compression (M) (%)

Toray-H-90 (6.62 +0.10) x 10° (6.22 £ 0.06) x 1t 35 5.0

SGL-24-BA (1.50 + 0.04) x 10° (1.08 £ 0.02) x 16" 21.4 279

SGL-10-BA (2.38 £0.13) x 10° (1.31£0.08) x 10" 28.3 45.1

SGL-34-BC (1.20 £0.19) x 10° (7.19 £1.23) x 18" 10.9 39.6

SGL-35-BC (2.74 £0.22) x 10° (7.33 +1.17) x 10° 31.0 73.3

271 To elaborate more on how the structure and thicknbange with compression, cross-

272 sectional SEM images of the tested uncoated and-ttRRted GDL materials have been
273 generated, see Fig. 6 and Fig. 7. It is seen franidtter figures that the original thicknesses
274  of the tested GDLs have, in general, reduced p#eorming the compression test. Notably,
275 the difference in the thickness of Toray-H-90 befand after compression is very small, see
276 Fig. 6(a-b). This observation is in line with tiedatively small value reported in Table 3 for
277 the reduction in thickness of the above mentionBd. @aterial, i.e. 3.5%. The high

278 resistance to deformation (or compliance) showit dmay-H-90 GDL could be attributed to
279 its relatively high density of carbon fibres comgxhto those of SGL-10-BA and SGL-24-BA
280 GDLs; see Fig.8. This observation is in accordamitie the density and porosity values

281 reported for the above GDL materials [29], [30B[[4Namely, the density and porosity of
282 Toray-H-90 (i.e. 0.45 g cthand 0.62) are respectively higher and lower thase of SGL-
283 10-BA (0.21 g crit and 0.88), and SGL-24-BA (i.e. 0.28 gtmnd 0.74), thus imparting a
284  higher degree of stiffness to the Toray GDL mateEgqually, compared to Toray-H-90 and
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285 SGL-24-BA GDLs, SGL-10-BA GDL material shows theglhest level of reduction in
286 thickness and gas permeability as it has the lodessity and the highest porosity,

287 respectively.

{ / ~
SElI 15kV  WD10mmS5S50 x150 100um SEl 15kV  WD10mmSS50

3 I L 1
¢ j ; »

SEl 15kV WD10mmSS50 = F.‘)(150 1UD|;JH|: — SEl 15kV WD10mmSS50 x150 100pm
288
289 Fig. 6 Cross-sectional SEM images at a magnificatioof 150x for uncoated GDL samples before and after
290 compression, (a) uncompressed Toray-H-90 (b) Compresd Toray-H-90 (c) Uncompressed SGL-24-BA (d)
291 Compressed SGL-24-BA (e) Uncompressed SGL-10-BA @ompressed SGL-10-BA.
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Fig. 7 Cross-sectional SEM images at a magnificatioof 150x for MPL-coated GDL samples before and afte
compression, (a) uncompressed SGL-34-BC (b) compeesl SGL-34-BC (c) uncompressed SGL-35-BC (d)
compressed SGL-35-BC.

As for the MPL-coated GDLs (i.e. SGL-34-BC and S&-BC), the respective cross-
sectional SEM images in Fig. 7 show that the degfd@PL penetration into the carbon
substrate of SGL-35-BC GDL after compression isersignificant than that of SGL-34-BC
GDL. This could be attributed to the higher porpsit SGL-35-BC (i.e. ~ 0.53) compared to
that of SGL-34-BC GDL (i.e. ~ 0.48) [29]. The MP4_significantly less porous and,
subsequently, less permeable than the carbon até§3P], and therefore there is a higher
degree of MPL penetration into the carbon substaatkthis results in higher levels of
reduction in the thickness and gas permeabilithefentire GDL sandwich. This interprets
the result that the reduction in thickness andpgameability of SGL-35-BC, characterised

by more MPL-penetration after compression, is $igantly higher than that of SGL-34-BC.
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Fig. 8 SEM image for the surface of the tested unated GDLs (a) Toray-H-90 (b) SGL-24-BA and (c) SGL-1BA.

306

307

308 3.3. Wettability of GDLs

309 Table 3 lists the values of the contact angle eftdsted GDLs before and after compression.
310 As expected, the surfaces of all the tested GDler@s, either before or after compression,
311 were found to be hydrophobic (the respective cdrdagles are all greater than 90°). Also,
312 the values of the surface contact angle for th@omessed SGL-34-BC (126.7° + 3.4) and
313 SGL-35-BC (122.1° + 4.1) are in good agreement whtbse reported by El-kharouf et al.
314 [29] for SGL-34-BC (126° + 7), and SGL-35-BC (118°11). The contact angle changes
315 with the roughness of the surface; the roughdrasstuirface, the greater is the surface contact
316 angle [29]. Typically, the internal contact angtésGDLs depend on how the fibres and the
317 pores separating them are connected. On the o#met, the external (or the surface) contact
318 angles of the GDL depend on the morphology androighness of the surface, normally
319 resulting in higher values compared to those ofitlkernal contact angles [46]. One may see
320 from Table 3 that the contact angles of all théet$DL materials reduce after compression.
321 Also, Fig. 9 clearly shows that the contact angledne of the SGL-34-BC GDL samples

322 before compression is greater than that after ceaggon. The reason behind this reduction
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323

324

325

326

327

328
329
330

331
332
333
334
335
336
337

340

in the contact angle after compression is that dhdace of the GDL sample becomes
smoother after compression, as evidenced from nb&s<section images of the tested GDL
materials shown in Fig.6 and Fig.7. This is cormabed with the results that show that the

contact angle of the GDL surface generally redasethe surface roughness decreases [47].

Table 3. Contact angle measurements of the test&DL materials before and after
compression.

GDL Contact angle before Contact angle after
Manufacturer compression (°) compression (°)
type

Toray-H-90 123.7 £ 3.3 120.3+3.3
SGL-24-BA 123.8+3.3 120.2+2.5
SGL-10-BA 126.1 + 3.5 113.7+£2.0
SGL-34-BC 126.7 +3.4 112.8+1.9
SGL-35-BC 122.1+4.1 115.0+ 3.9

Fig. 9 Water droplet on the GDL surface of SGL-34-B(a) before compression and (b) after compression.
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341 4. Conclusions

342 In this study, different types of GDL materials we¥x-situ compressed using a universal
343 testing machine. The compression test was designedch a way that simulates an initial
344 assembling compression, followed by a number ofesyof loading and unloading, thus
345 simulating the compression arising as a resultydfdtion/dehydration of the membrane. The
346 thickness, the through-plane permeability, the @cindngle, and the morphology of the tested
347 GDL materials were examined before and after perfog the compression test. The
348 obtained values of the above variables after cossjpwa are of use for PEFC models as they
349 are more realistic and subsequently enhance tltkcpioms of the models. The following are

350 the main findings of the study;

351  The coated GDL materials appear to be slightlyamesistive to deformation than
352 the uncoated GDL materials, and this is due toetittanced mechanical strength of
353 the coated GDLs as a result of the addition oftiredly dense material, i.e. the MPL,
354 to the carbon substrate.

355  The tested Toray carbon substrate is mechanicélbnger than the tested SGL
356 carbon substrates and this is due to the highersityerand lower porosity
357 demonstrated by the former carbon substrate. Tamnskates into a smaller reduction
358 in thickness and gas permeability for the Torayoarsubstrate after performing the
359 compression test.

360 * One of the tested coated GDL materials (i.e. SGIBB) shows substantially much
361 higher reduction in thickness and gas permealubiypared to the other tested coated
362 GDL material (i.e. SGL-34-BC). This is attributed the higher level of MPL
363 penetration demonstrated by the former coated GBteral.
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365

366

367

368

369

370

371

372

373

374

375

* The contact angle of all the tested GDL materiadsesfound to decrease by about 3°-
15° after compression, and this is due to the asmd surface smoothness after

compression.
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