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HIGHLIGHTS

e Porosity of CL decreases non-linearly with compressive load (11-17%).

e Reduction of larger pores under compression is more significant than smaller ones.
¢ CL pore diameter decreases between 20 and 50% under 5 MPa pressure.

e PSD has a shift toward smaller pores due to a significant decrease in larger pores.
e Volume percentage of smaller pores increases under compression.
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In this study, effects of compression (up to 5 MPa) on pore size distribution (PSD) and
porosity of catalyst layers (CL) are investigated using a developed model for deformation of
CL under compression. The model is based on effective medium theory and uses a
representative geometry (unit cell) to simplify the complex and random porous structure of
CL. In this model, different sizes are found for unit cells which are based on CL PSD
measurement; this means that unit cell size has distribution since PSD is used as an input
to the model. The model has been validated with experimental data in our previous pub-
lications. Effect of compression on four different CL samples is studied using the developed
model and change of pore diameter is found as function of compression. The change of
pore size is different for each sample and dependents on CL initial porosity, PSD, and ink
properties. PSD and porosity, which are the indications of microstructure of CL, are found
after compression up to 5 MPa. Larger pores show the most change, which causes the void
volume percentage of smaller pores to increase, even though the number of pores remain
the same. It is also found that the diameter of secondary pores can be decreased by up to
50% depending on CL microstructure, which is significant.
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Introduction

The Membrane Electrode Assembly (MEA) in a PEM fuel cell
undergoes numerous temperature, humidity, and compres-
sion cycles in the manufacturing and operation processes.
This cyclic change affects the microstructure of the layers
inside fuel cell, which leads to changes in properties of the
layers. Hence, lifetime, efficiency, and performance of PEM
fuel cells change significantly with these cyclic loadings [1-3].
Also, the heat and water generated within the MEA induces
hygrothermal stresses in layers, which change the MEA
properties significantly. Hence, it is important to model and
measure the mechanical properties of the MEA layers under
compression.

Among different layers in MEA (membrane, microporous
layer, catalyst layers (CL), and gas diffusion layers (GDL)), CL is
the core of PEM fuel cell. This is because of the continuous
electrochemical reactions that occur in the CL, which produce
water and heat. Hence, in-depth understanding of mechani-
cal, thermal, electrical, and transport properties of CL is
crucial to predict the performance of PEM fuel cells and to
increase their efficiency and reliability. Mechanical properties
of CL (e.g. Young's modulus) plays an important role since
other properties, such as thermal conductivity and gass
diffusivity, are dependent on compressive load and how the
material deforms under compression. Moreover, by applying
compressive load on CL, its thickness decreases and its
microstructure (e.g. pore sizes, porosity, and pore size distri-
bution) changes notably. And since the microstructure of CL is
a factor in predicting and modeling thermal and transport
properties of CL, understanding the change in microstructure
as a function of compression becomes important. The focus of
this paper is the effect of compression on CL pore size distri-
bution and porosity.

Pore size distribution (PSD) along with porosity are the
most important microstructural properties of CL since oxygen
needs to diffuse to cathode side for the reaction to happen and
also the generated water needs to be removed from CL. As
shown in our previous publications [4—6], PSD is the key to
model diffusivity and mechanical deformation, so PSD is
needed to predict properties of CL. Moreover, compressive
load decreases porosity and changes PSD, which makes it
important to understand how the PSD changes under
compression. By knowing the PSD under compression, one
can predict other properties such as gas diffusivity under
compression.

There are several experimental studies on CL mechanical
properties available in the literature. Among these, publica-
tions on mechanical properties of CL by Fuel Cell System
Development Div. at Toyota in Japan are notable [2,7—9]. Papers
by Sassin et al. [10] and Shen [11] are also experimental studies
on mechanical properties of CL. However, only a few studies
are available on modeling CL mechanical properties [6,12,13].

Sassin et al. [10] reported the influence of compressive load
on MEAs and found that although the pore structure of the
microporous layer (MPL) and gas diffusion media (GDM) were
significantly altered at compressive stresses greater than
about 0.9 MPa, the CL structure remained unaltered up to
1.4 MPa, the maximum compressive stress investigated. Shen

[11] also measured Youngs modulus of CL using a nano-
indentation technique. They found that the Young's modulus
increased as the indentation in CL increased which was
consistent with the results that we published recently [5].

In order to determine the effect of compression on PSD and
porosity, mechanical behaviour or pressure-strain curve of CL
is needed. In another study by our group |[5,6], deformation of
CL is found experimentally and modeled analytically. The
model was developed to predict the mechanical behaviour of
CL under compression using a representative medium theory.
Deformation of the ionomer that covers the agglomerates was
found to be the dominant deformation mode in CL under
compression. The developed model was validated using
experimental results that were published in Ref. [5]. Also, the
same simplified geometry was used to model gas diffusivity
and thermal conductivity of CL and they are validated using
experimental results; please see other publication from our
group [4,14,15].

The present study provides a platform to predict PSD under
compression that is key for estimating other properties of CL
under compression. In this study, an overview of our repre-
sentative geometry and compression model is described. Also,
the effect of compression on primary pores and secondary
pores is found, then variation in pores diameter for four CL
samples is calculated using the model. Based on the change in
pores diameter, new PSD after compression is obtained by the
model. The results of the model are compared with an
experimental study available in the literature. Effect of
compression on porosity, which is another indication of
microstructure, is also found using the model and validated by
experiments.

Deformation of CL under compression
Microstructure and geometrical model of CL

Catalyst layer is a random porous layer consist of carbon
particles, ionomer, and Pt particles that are supported on the
carbon particles (Fig. 1). Agglomerate is a cluster of carbon
particles that is covered with ionomer and they are connected
in the entire medium. Generally, there are two types of pores
in CL: i) primary pores (less than ~20 nm), ii) secondary pores
(30—150 nm). Primary pores are between carbon particles

Secondary pore

Agglomerate
(Morethan ~30 nm)

(50 - 300 nm)
25 e

Primary pore
(less than ~20 nm)

Carbon support particles
(20-30nm)

Fig. 1 — SEM image of a catalyst layer showing secondary
and primary pores, agglomerates, and carbon support
particles.
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inside the agglomerates and secondary pores are the void
volumes between the agglomerates, which are usually bigger
than primary pores. In the present model, the CL micro-
structure is divided into two scales: i) structure within the
agglomerate which consists of carbon particles with Pt parti-
cles and ionomer shell around the agglomerate,; ii) structure of
agglomerates that are connected, with secondary pores be-
tween them.

In order to simplify the complex structure of CL, a repre-
sentative geometry, i.e. unit cell, is developed that has the same
microstructural properties as CL. The assumptions that are
considered for this CL representative geometry are as follow:

i) Agglomerates are spheres with overlap with simple

cubic (SC) arrangement as shown in Fig. 2a, b. It is found

that the overlapping spheres are a better representative

of agglomerates for CL [4,6,15—17].

Carbon particles have spherical shape and their

arrangement is face-centered cubic (FCC) as written on

Fig. 2c. However, the arrangement of carbon particles is

not playing an important role in deformation model

unlike gas diffusivity model [4,6].

Spherical Pt particles are attached to carbon particles on

their surface.

iv) Ionomer covers the spherical agglomerates with uni-
form thickness as shown in Fig. 2c, d.

ii

=

iii

=

Fig. 2c shows a schematic of one agglomerate containing
carbon particles, Pt particles, and ionomer shell. The overlap
of the agglomerates is shown and defined by ¢, i.e. the overlap
angle. Moreover, ionomer shell around one agglomerate is
shown in Fig. 2d, where the holes are the overlap of agglom-
erates. It should be noted since PSD is an input to the model,
unit cell size has a distribution, meaning that a unit cell size is

Overlapped agglomerate
with ionomer coverage

Overlap

lonomer shell w

Primary pores €<—
Pt particles <—-

Carbon particles <«
{FCCarrangement)

Secondary pores &«
overlap

(c)

lonomer
film/shell

Carbon particles
in agglomerate

found based on each pore size. Hence, the simplified geometry
consists of many unit cell sizes with a distribution similar to
PSD. For more details on the calculation of simplified geom-
etry, see Refs. [4,6,18].

The overlapping parameter, £, is defined as the ratio of
radius of agglomerate to radius of aggregate (i.e. £ =r/a) or as
the overlap angle, ¢, as it is shown in Fig. 2c. These values are
related through Egs. (1) and (2). The radius of aggregates, or
size of unit cell (a), and radius of agglomerates, r, are calcu-
lated based on secondary pore sizes (Eq. (8)).

£=r/a (1)

¢ = cos(1/%) 2)

By considering an FCC arrangement for carbon particles
inside the agglomerates, the following equations for agglom-
erate porosity (eagglomerate), Volume of agglomerates (Vagglomerate),
porosity of catalyst layer (ec;) and overlapping parameter (£)
can be written:

Prt
Ecpt=€c—— —— (3)
Ppt + PcWrt/c

peepiec—rt(1 — ercc) + pr(ppe + Pewr/c) ercc
€agglomerate — (4)
pi (et + pewrryc) + ppepcwiyc(l — ercc)

ea=1— Vagglomerate (;a; 5agg10merate) (5)
4

Vagglomerate = Vsphere - 6Voverlap = §7T(13 (45§2 - 253 - 15) (6)

e =1— 77(1 - Eagglomerate)é4~5§2 - 253 - 15) (7)

Secondary pores

Primary pores

lonomer 2asin @
shell =

Overlap

(d)

Fig. 2 — Schematic of proposed geometrical model for CL; a) 3D view, b) 2D front view, c) Schematic of one agglomerate
showing carbon particles and ionomer shell, d) Geometry of ionomer shell around agglomerates.
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where, Vc_p is the total volume of carbon and Pt particles in
the agglomerate including the pores inside carbon particle,
ec-pt 1s porosity of carbon and Pt particles combined, p;, pp;, and
pc are the densities of ionomer, Pt and carbon particles,
respectively. wyc and wpc are the weight ratio of ionomer to
carbon ratio (I/C) and Pt to carbon in CL, respectively. ¢ is the
porosity of carbon support particles which is 0.29 as suggested
by Voet and Aboytes [19]. ercc is the porosity of FCC arrange-
ment which is 0.26 [20]. €agglomerate 1S the porosity of agglom-
erate, ¢, is the porosity of the proposed unit cell representing
CL, ¥ is a dimensionless parameter used to simplify Eq. (8),
and Vphere @and Voverap are the volume of the sphere and the
overlap, respectively.

A method to calculate an equivalent radius from square
root of the area (Eq. (11)) was suggested by Bahrami et al. [21],
in which one can use the area of the secondary pore (Eq. (10))
shown in Fig. 2a, b. So, an equivalent pore radius for secondary
pores can be found as a function of size of unit cell, combining
Egs. (10) and (11). Therefore, the unit cell size (i.e. a) can be
found using Eq. (12) for different pore sizes obtained from PSD,
which means unit cells in the simplified geometry have
different sizes which is dependent on the sizes and volume
percentage of pores in CL.

Tpore =05 Apore (10)

Apore =40% — Asgglomerate = 4a*(1 — tan ¢) — (7 — 4¢)r? (12)
T

a= pore (12)

\/1—tanq;— (g—qo)EZ

where, £ can be found from Eq. (8) and ¢ can be found using Eq.
(2), Tpore is the radius of the pore, and A, is area of the sec-
ondary pore. in this model, the ionomer was considered as a
spherical shell around agglomerates and its average thickness
was found based on the geometry of unit cell and CL ink
properties.

Vcarbon = Vagglomerate(l - €FCC)(1 - €C7Pt) (13)
Vionomer = Vearbon ™ wy/c *(ﬂc //’I) (14')
Vionomer
) — omer 1
tionomer A ( 5)

agglomerate

Aagglomerate =41T? — 6 x 277(r — a) (16)

where, Aaggomerate is the total area covered by ionomer
which is the area around the agglomerate, and tionomer iS
the thickness of ionomer covering agglomerate. Using Egs.

(8), (12), and (15), one can build the geometrical model as
shown in Fig. 2. Unit cells in the representative geometry
have different sizes based on PSD, which introduces a
distribution for agglomerate size as well. The agglomerate
size distribution obtained from this model is validated
with experimental results, see the supplementary data of
ref. [4].

Compression of unit cell

After building the geometry of the proposed simplified unit
cell, three deformation modes were considered [6]: i)
deformation due to Hertzian contact of carbon particles,
i.e., compliance; ii) deformation of agglomerates, which can
be considered as a packed bed of carbon particles with an
FCC arrangement; and iii) deformation of the ionomer shell.
After performing a comprehensive study, it was found that
the third mode had the dominant deformation in CL. To
this end, the compliance of carbon particles and deforma-
tion of agglomerates as a packed bed, was neglected. It is
also assumed that the carbon particles inside the agglom-
erates can ‘slide’ rather freely as rigid particles with
negligible friction. Hence, Koiter's model [22] has been used
to find the deformation of the proposed ionomer shell that
covers the agglomerates, shown in Fig. 2d. Koiter calculated
the deformation of a non-shallow hollow spherical shell
loaded at vertex, Egs. (17) and (18).

2
d:V3(14 A__ BT {1+2(1;;V)<1n/1+7071

Eionomertionomer

In2 4
) 17
2 ) 37T/\2:| ( )
2 =30 - r (18)

As previously shown in Ref. [6], the CL compression had
non-linear behaviour and the reason for such behaviour was
the change in microstructure as CL undergoes compression.
Therefore, as the porous CL is compressed, porosity decreases,
and the material becomes stiffer. This effect has been
included in our model by calculating and changing the
porosity continuously through out compression.

This procedure can be briefly described as the following:
i) the compression is applied in infinite number of steps
and after each step, deformation due to a small force
increment is found; ii) after each step, a new porosity is
calculated based on Eqg. (19), which has been widely used in
the literature to model different properties of porous media
[23—30]; iii) using the new porosity, a new simplified ge-
ometry is built; and iv) another force increment is applied
and procedure is repeated. Fig. 3 shows a flowchart of the
recursive CL compression model developed in this study.
The number of steps used in this study is 500, which is
large enough for our analytical model.

t 1
E(1—e0) OF enew =175 (1~ ¢0) (19)

tCL—new ~ tao

enew=1—
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Output: new pore size

Initial porosity, PSD, ink
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v
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- Geometry of unit cell and
ionomer (a, 7, ¢, tionomer)

New thickness of ionomer
(tionomer) USing Eq (15)

Force
increment (AF)

&
<

\ 4

f

New size of agglomerate

Compression of CL [6]

(a) using Eq. (1)

!

f

New overlapping

New thickness (t,,,,) of CL

parameter () using Eq. (8)
?

New porosity (e¢;en)
using Eq. (19)

Yes

S(Force increments) < Fy;

lNo

Output F,pp, trew

Fig. 3 — Algorithm of the proposed compression model for CL microstructure: recursive model, at each step a new geometry

is constructed.

CL microstructure change
Effect of compression on pores

By applying compressive load on CL, shape of the pores is
affected. The change occurs on both primary pores and sec-
ondary pores, but the change in larger pores is more signifi-
cant. The reason is that the deformation in larger pores are
more and hence their volume reduction is more notable than
that of smaller pores. If diameter of both large and small pores
decreased by a same percentage, the volume of large pores
would decrease more than the volume of small pores because
volume is related to the third power of diameter.

Primary pores

The primary pores are between carbon particles inside ag-
glomerates (Fig. 1). And since it is assumed that the particles
can slide freely on each other, the primary pores do not
change significantly and the change in volume of the primary
pores is negligible compared to change of secondary pores.
Thus, primary pores are considered to have negligible change
with applied pressure on CL. In other words, the size of pri-
mary pores and number of them in the CL structure are
considered to remain constant during compression. Howev-
er, because the entire void volume decreases under
compression, the volume percentage of primary pores in PSD
changes.

Secondary pores
The secondary pores are between the agglomerates and are
usually larger than primary pores (Fig. 1), so their change are

more significant. As pressure is applied on CL, secondary
pores become smaller so their contribution in total void vol-
ume changes as well. As described in the modeling part of this
study (section Compression of unit cell), the proposed unit cell
is created at each step of the recursive function by considering
the change in the porosity, and accordingly the microstruc-
ture. Thus, one can find how the geometry of pores are
changing under compression. By knowing the deformation of
CL after a force increment, strain can be found as well as the
new porosity. Having the new porosity, a new geometry can be
built and based on that, new pore sizes from each unit cell size
can be calculated.

Effect of compression on pore size distribution

Based on the proposed model for deformation of CL under
compressive load, one can find the change of each secondary
pore and finally the change in PSD. Using the inputs of the
geometrical model (PSD, porosity, and ink properties), the
proposed simplified geometry of CL, i.e. the parameters q, 1, £,
and tionomer, can be found from Egs. (1)—(15). Once the geom-
etry is known, the deformation and strain of CL under a force
increment can be calculated from Eq. (17). Using Eq. (19), a new
porosity after a force increment can be found, and a new
overlapping parameter, &, can be obtained from Eq. (8). The
geometry of the simplified CL in the model can then be
recalculated since the overlapping parameter is changed.
Using Eq. (1), one can find the new size of the unit cell (a) and
accordingly, a new pore radius can be obtained from Eq. (12).
This procedure should be repeated for all the pore sizes to find
the change of diameter of secondary pores. As shown in the
flowchart of the proposed model (Fig. 3), new geometrical
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parameters (rpore, @, and tionomer) Can be obtained after a force
increment and are used to form a new geometry. This cycle
should be repeated until the desired force is reached. Using
the model, the change of each secondary pore diameter with
compressive load is obtained.

Knowing the change of each pore size under compression,
PSD at any given compressive load can be calculated. It is also
assumed that during compression of CL, the number of pores
remains constant and their size changes.

Results and discussions
Effect of compression on pore size

The input parameters of the model are pore size distribution,
porosity, thickness, ink properties, and compressive load. The
properties of CL samples used for this study are listed in Table
1. The initial PSD of each sample was measured using N,
adsorption porosimetry (Autosorb iQ-MP, Quantachrome In-
struments) and the initial porosity of the catalyst layers were
measured using a custom-made densitometer at Automotive
Fuel Cell Corporation (AFCC). The initial thickness of each
sample was also measured using different techniques which
were explained in our previous paper [5]. Another important
sample preparation step of CL that has a considerable effect
on microstructure of CL is dry milling time, which is not a
direct input to the model; however, the effect of dry milling
time is reflected in PSD of each sample. Also, the ionomer to
carbon weight ratio (I/C ratio) of CL samples was determined
by the weight of ionomer (gr) to weight of carbon (gr) that was
used to prepare the ink.

As described before, the proposed model reconstructs the
simplified geometry at each step of compression (section
Effect of compression on pore size distribution), which means
that the change of pore sizes can be found at any given pres-
sure. In this paper, the maximum applied pressure is 5 MPa
which is more than the typical compressive load that exists in
PEM fuel cells. This pressure is considered since it aligns with
our previous work in which deformation of CL was measured
and modeled up to 5 MPa [5,6]. Fig. 4 shows the change of
secondary pore size as function of compression for CL Design
2; the following can be concluded from the figure:

i) The change of pore size as a function of compression is
almost linear for all the pore sizes. Only three pore sizes
(273 nm, 91 nm, and 50 nm) are shown here since other
pores followed the same trend.

CL Design 2

N
w
o

23%

E
£
8
o 200 -
£
8
o
@ 150 -
o
a
>
-§ 00 .
§ Initial pore size: 91 nm —
o 50
7] Initial pore size: 50 nm

0

0 1 2 3 4 5

Compressive load (MPa)

Fig. 4 — Secondary pore size as function of compressive
load for CL Design 2, the size of each pore is reduced by the
same percentage since the Koiter model [22] is used to find
deformation of CL.

ii) The change in larger pores is more significant since
their deformation is larger. However, the percentage
decrease for all the pores are found to be the same (23%)
because the Koiter model, Eq. (17), used for deformation
of CL is linear.

iii) The volume change of the bigger pores is more signifi-
cant than smaller pores since volume is proportional to
third power of pore size.

iv) The volume change of primary pores is negligible, so it
is neglected in this study.

It should be mentioned that the results shown in Fig. 4 is
only for CL Design 2 and clearly the percentage change of pore
sizes will be different for various CL Designs. The reason for
this difference is the difference in microstructure (i.e.
porosity, PSD, I/C ratio) of each Design which are the input
parameters to the model. Also, the strain of each sample is not
the same which is also why the change in pore sizes for
various CL Designs are different.

Similar trend is seen for other CL Designs. Fig. 5 shows the
change of pore sizes as function of compressive load for the
other three CL Designs used in this study. Not all the sec-
ondary pore sizes are shown because the rest of them had the
same percentage decrease. As shown in Fig. 5, various Designs
has different percentage change in their pore sizes. However,
this percentage change is the same for different pore sizes in
each of the Designs. The results show that the secondary

Table 1 — Properties of different CLs used in this study (model inputs), design numbers are the same as our previous work

5]

CL Design number I/C ratio (gr/gr)

Densitometer porosity (%)

Thickness (um) Mechanical properties

of ionomer (measured)

Design 2 0.9 52.0
Design 3 0.7 52.4
Design 4 0.7 50.5
Design 5 0.9 33.4

6.9 Eionomer = 93 MPar = 0.3
6.1
4.6
6.3
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Fig. 5 — Secondary pore diameter as function of
compressive load for: (a) CL Design 3, (b) CL Design 4, and
(c) CL Design 5; the size of each pore is reduced by the same
percentage.

pores become smaller by 20-50%, depending on its initial
microstructure, which is significant and should be considered
in modelling transport properties of CL under compression.

Effect of compression on pore size distribution

Having the change of pore sizes as a function of compressive
load on CL, one can find the PSD after the pressure is applied
assuming that the number of pores remains the same. Fig. 6
shows the effect of 2 and 5 MPa compressive load on the

30
25
g 0 MPa
© 20 2 MPa
g =5 MPa
915
()]
[-%
£
E 10
)
>
5
0
0 50 100 150 200 250 300

Pore Diameter (nm)

Fig. 6 — Pore size distribution of CL Design 2 under
compression up to 5 MPa (obtained from model).

PSD of CL Design 2. Not to clutter Fig. 6, only the PSD after
2 MPa and 5 MPa are shown. PSD at 0 MPa is the measurement
results using N, adsorption porosimetry. It should be
mentioned that the points are connected with a line for better
visualization of PSD change with compression. The following
can be concluded from Fig. 6:

i) Diameter of pores decreases with compression and the
PSD shifts to the left, which means that the pores
become smaller.

ii) The change in larger secondary pores are more notable
than smaller secondary pores.

iif) The volume percentage of the larger pores decreases,
and volume percentage of smaller pores increases
(~20 nm pore shown in Fig. 6). This does not mean that
the number of smaller pores or their size increases. This
can be explained since by increasing compressive load,
larger pores deform more so their volume decreases
more. Since the total void volume decreases signifi-
cantly, the volume percentage of small pores increases.
To this end, a jump in the percentage of smaller pores
can be seen in Fig. 6.

Similar trend is seen for the other three CL Designs and
secondary pores become smaller as shown in section Effect of
compression on pore size. Figs. 7—-9 show PSD under
compression for CL Designs 3, 4, and 5, respectively. The lines
are drawn for better visualization of the trend. In Fig. 7, a shift
toward smaller pores can be seen, which is caused by the
reduction in pore sizes. Also, an increase in volume percent-
age of smaller pores is visible, which is because of the
decrease in total void volume of CL. As compressive load in-
creases, volume percentage of larger pores (larger than
~20 nm) decreases but volume percentage of smaller pores
(less than ~20 nm) increases, which causes the peak to move
to the left. Moreover, PSD change for CL Design 4 (Fig. 8) shows
that smaller pores have more volume percentage in PSD under
5 MPa pressure, which again is the result of decrease in the
size of the larger pores. Similarly, PSD for CL Design 5 (Fig. 9)
shifts toward the left which means that larger pores decreases
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Fig. 7 — Pore size distribution of CL Design 3 under
compression up to 5 MPa.
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Fig. 9 — Pore size distribution of CL Design 5 under
compression up to 5 MPa.

in size, and the volume percentage of smaller pores increases.
PSD change of CL Design 5 under compression is the most
among the four samples because the reduction in pore size for
this Design is 50% (Fig. 5c) which is about twice the other
Designs. Hence, a significant jump in volume percentage of
smaller pores can be seen in Fig. 9 for CL Design 5.

The change in PSD under compression that are obtained by
our model in this study is similar to another study which is
performed by Kosowska et al. [31] on a different polymer
porous material for tissue engineering. They measured PSD of
a polymer-based porous materials after drying the samples
under different compressive loads. They investigated the in-
fluence of foaming process parameters such as pressure,
duration, and temperature and found out that applying more
compressive load caused the pores to be smaller. They re-
ported that by applying compression, the volume percentage
of smaller pores increased, and volume percentage of larger
pores decreased. The results of the present study showed the
same trend even though the material and its applications are
different.

Effect of compression on porosity

The change in PSD alone may not be the best representative of
microstructure change of CL under compression. Along with
PSD, porosity should also be considered for better under-
standing of this porous layer. Fig. 10 shows the porosity
change of each Design, which is obtained from the model and
validated with experimental results from our previous papers
[5]. As shown in Fig. 10, porosity of each Design is decreased
under compression; the percentage decrease of the porosities
for each Design is different (11-17%) since the porosity
reduction is related to strain of CL at any given pressure. A
better understanding of transport properties of CL can be ob-
tained by having both PSD and porosity under compression.
Although the pressure range for PEM fuel cell is not as high as
5 MPa, this study shows the trend for microstructure change
of CL under compressive load.

55
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Fig. 10 — Porosity of CL Designs under compression up to
5 MPa (obtained by model and validated using
experimental results [5]).
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The core of the presented model, changing the simplified
geometry at each step, can be extended to any other porous
layer. This method is used for other porous layers as well to
find deformation under compression, such as Gas Diffusion
Layer [32] and Aerogel Blankets [30].

Conclusions

In this study, pore size distribution under compression was
studied using our developed model. This model used a
representative geometry to simplify the random porous
structure of CL. The input parameters of the model were pore
size distribution, porosity, thickness, ink properties, and
compression. Pore sizes, PSD, and porosity of four different CL
samples with different properties were found under
compressive load up to 5 MPa. PSD and porosity, as repre-
sentatives of CL microstructure, found to change significantly
under compression. The model showed that depending on the
CL sample, pore diameter decreased between 20 and 50%
under 5 MPa pressure, a significant change that should be
considered in modeling transport properties. Moreover, PSD of
each sample was found under compression. The results
indicated that the volume percentages of smaller pores
increased because of a significant decrease in volume of the
larger pores. Also, porosity of the CL samples under
compression was modeled and compared with experimental
results during compression, which showed a decrease of
11-17% depending on initial CL microstructure.
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