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ABSTRACT
The global drive for sustainable energy solutions intensified interest in anion exchange membrane water electrolysis (AEMWE),

as a promising hydrogen production pathway, leveraging renewable energy sources. However, widespread adoption is hindered

by the high cost and non‐optimised design of crucial components, such as porous transport layers (PTL) and flow fields. This

study comprehensively investigates the interplay between structure, mechanics, and electrochemical performance of a low‐cost
knitted wire mesh PTL, focusing on its potential to enhance cell assembly and operation. Electrochemical characterisation was

performed on a single 4 cm2 cell, using 1M KOH at 60°C. Knitted wire mesh PTL, characterised by approximately 70% porosity,

2 mm thickness, and 1.098 tortuosity, delivered a 33% improvement in current density compared to the standard cell config-

uration. Introducing a knitted PTL interlayer reduced cell voltage by 74mV at 2 A cm−2 by improving compression force

distribution across the active area, enhancing gas transport and maintaining optimal electrical and thermal conductivity. These

findings highlight the significant potential of innovative PTL designs in AEMWE to improve mechanical and operational

efficiency without increasing the cost.

1 | Introduction

Anion exchange membrane water electrolysis (AEMWE) is a
rapidly expanding branch of low‐temperature polymer electro-
lyte membrane electrolysers for green hydrogen production. It
is gaining traction as an alternative technology to alkaline water
electrolysis (AWE) and proton exchange membrane water
electrolysis (PEMWE). Similar to AWE, AEMWE operates in an

alkaline environment and can be employed with non‐noble
electrode materials. While AWE uses a thick ceramic dia-
phragm as the gas separator, the membrane in AEMWE tech-
nology allows for reduced ohmic resistance of the cell.
Moreover, AEMWE operates in a less alkaline environment
than AWE, with a future aim to operate with the pure water
electrolyte [1]. In contrast to alkaline environment electrolysis,
PEMWE has so far demonstrated the highest performance;
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however, this comes at a high material cost due to the use of
iridium (Ir) and platinum (Pt) as common catalysts, as well as
titanium (Ti) or Pt‐coated Ti for structural components required
to withstand its highly acidic environment [2]. Additionally, the
proton‐conducting function is enabled by the commercially
employed Nafion membrane, based on the perfluorinated sul-
phonic acid (PFSA) ionomer. This component encompasses a
particular set of drawbacks not only due to its cost and ther-
mochemical stability, but most importantly due to its environ-
mental and health hazard, including the Nafion byproducts
(polyfluoroalkyl ether sulphonic acid) [3, 4]. The proposed
PFAS bans in several countries could be a serious setback to
PEMWE technologies, making it even more important to
develop alternatives. Considering the technological constraints
of AWE and limitations stemming from environmental con-
cerns associated with PEMWE, AEMWE stands for an efficient,
cost‐effective, and environmentally sustainable alternative in
the electrolysis field.

Employing a zero‐gap configuration (detailed in Figure 1A),
AEMWE relies strongly on efficient gas removal from the elec-
trode so that the evolved gas bubbles do not dwell on the catalyst
area blocking the active reaction sites. Furthermore, the mem-
brane electrode assembly (MEA) requires good electrical contact

and two‐phase flow properties on one hand alleviating reaction
kinetics at the three‐phase interface and on the other reducing
interfacial contact resistance (ICR) between the layers, both
having a great impact on efficiency [5]. Hence, a porous transport
layer (PTL) is a significant component in the upscaling consid-
erations of the electrolysis technology. It provides crucial
mechanical stability under the cell compression, distributing the
clamping force. It ensures electrical contact to the catalyst layer
and facilitates the two‐phase flow allowing the electrolyte to
reach the membrane against the flow of produced gases. There-
fore, when poorly designed, the PTL can exacerbate mass
transport problems through slow electrolyte flow in high‐
tortuosity structures or hinder bubble detachment at the MEA
interface. A poorly optimised PTL can also be the cause of het-
erogeneous compression distribution, leading to heterogeneous
current density distribution and poor electrocatalyst utilisation.
In severe cases, localised force maxima could lead to premature
membrane punctures [6].

Recent advancements in PTL design have focused on addressing
these limitations through novel materials and structural inno-
vations. Among the most widely studied PTLs are sintered
metal fibre felts, particularly those made from Ti for PEMWE,
stainless steel (ss), and, to a lesser extent, nickel (Ni) for

FIGURE 1 | (A) Visual representation of the conventional cell assembly including component‐current collectors with flow fields, selected PTLs

and AEM. (B) Proposed novel structure comprising of bipolar membrane (BPP) without flow field, and ‘stacked‐PTL’ anode concept including EXM,

KM, and felt. (C) Components of the proposed anode PTL concept in this study.
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AEMWE. These materials offer excellent tunability in terms of
porosity, pore size, and filament diameter, though extensive
material processing leads to a higher manufacturing cost.
However, their relatively soft structure can lead to damage
during assembly, especially when uneven torque is applied,
resulting in nonuniform thickness and altered pore properties.
This, in turn, affects the homogeneity of MEA contact, partic-
ularly as contact points are often restricted to flow field ridges
[7]. Considerable amount of studies highlights the importance
of allowing elastic deformation in MEA to prevent breaking the
catalyst layer [8–10], in some cases damaging the substrate due
to high assembly compression forces. Microstructure breaks
lead to worsened catalyst utilisation and loss of its lateral cur-
rent conduction properties [11]. Schuler et al. present catalyst
layer surface post operando scanning electron microscope
(SEM) images and identify tension‐induced micro‐cracks and
fractures caused by compression of a membrane with Ti fibres
felt [12]. Nevertheless, further optimisation of the contact
between the felt and the flow field is still required.

Another widely used PTL material for AEMWE is Ni‐foam
[13–16]. Park et al. report the effects of material and pore size of
felts and foams in AEMWE, showcasing nickel materials unde-
niably outperforming Ti and ss [17]. Compared to felts, foams
offer superior gas transport and compression distribution, while
being more cost‐effective and offering great tunability, not only
in the morphology of the porous structure but also in thickness.
However, foams also present notable drawbacks. Their sharp
pore structure poses potential risks, as membrane swelling can
cause the anion exchange membrane (AEM) to creep into the
pores, increasing the likelihood of exposure to sharp edges and
potential micro‐punctures of the AEM. Additionally, their
uneven surface and higher porosity contribute to increased
ohmic resistance, as highlighted in a comparative study where
nickel felt outperformed nickel foam in maintaining optimal
conductivity and overall cell performance [18]. Furthermore,
foams share mechanical vulnerabilities with felts, including
susceptibility to deformation under compression. This plastic
deformation can alter pore size and distribution, affecting elec-
trolyte flow and gas transport, particularly in regions where the
foam contacts the flow field ridges.

Weaved or expanded meshes, traditionally employed in AWE,
are also gaining popularity in membrane technology electrolysis
due to their structural rigidity and durability. However, opti-
mising their interaction with the AEM remains challenging,
and higher ICR is commonly observed in these configurations.
More recent innovations include sintered stacked meshes,
which entail layering of different meshes to create porosity or
pore diameter gradients, while these rigid, fused meshes have
demonstrated improvements in mechanical stability and mass
transport, lowering the costs of processing and reducing ICR
remain challenging. Additionally, researchers are exploring the
incorporation of microporous layers to improve the MEA con-
tact and designing PTLs with variable porosity gradients to
enhance gas–liquid separation and electrolyte flow within the
cell [19–23].

The correlation between PTLs and flow fields is also critical to
cell performance and should be considered when designing a
PTL. Traditional sintered metal fibre felts may suffer from

structural deformation under compression, which increases
tortuosity, reduces permeability, and causes nonuniform com-
pression forces. The peak compression forces at the rib/channel
interface can damage PTL fibres, leading to catalyst layer
delamination and a disruption of the planar electrical connec-
tion with the electrode. This results in inefficient catalyst
utilisation and performance degradation [24, 25]. Similarly,
PTLs like carbon paper may also deform or break over time,
accumulating in flow fields and exacerbating mass transport
problems [26–28].

While some studies have explored the influence of PTL proper-
ties on performance in PEM and AWE systems, and limited work
has addressed porosity–performance relationships in AEMWE,
our study provides a more comprehensive investigation. We
examine a novel PTL structure—knitted wire mesh (KM) as an
interlayer—and its influence on electrochemical performance.
Additionally, we incorporate advanced simulations based on 3D
imaging of real samples, analysing thermal, electrical, and flow
properties to deliver deeper insights into the interplay between
PTL structure, mechanics, and performance in AEMWE. Fur-
thermore, there is limited research on developing PTLs that
allow for elastic deformation, which would better accommodate
compression forces while maintaining functionality. Another key
challenge lies in optimising the PTL‐flow field interface, partic-
ularly in managing how the PTL interacts with the rib/channel
structure to ensure uniform compression. To address these
challenges, this study aims to develop novel PTL structures that
incorporate customisable material properties and morphologies,
allowing for elastic deformation and optimised interaction with
the flow field. The goal is to create a multifunctional PTL
solution that not only improves performance but also reduces
cost. By advancing PTL design in this manner, we aim to bridge
the gap between current limitations and the need for scalable,
efficient solutions in AEMWE.

To address the outlined challenges, this study investigates a
novel approach to PTL design: the use of KM, as a compressible,
multifunctional interlayer within a stacked PTL configuration
depicted in Figure 1B. A detailed visualisation of the stacked
PTL concept comprising felt, KM, and expanded mesh (EMX),
which acts as a flow field, is shown in Figure 1C. Unlike con-
ventional foams or rigid metal meshes, the knitted mesh
structure introduces a spring‐like mechanical behaviour that
ensures uniform compression distribution across the MEA. This
allows for both enhanced catalyst contact and reduced ICR. The
design leverages the inherent elasticity, structural integrity, and
tunable morphology of knitted materials—offering a customi-
sable PTL architecture that adapts to cell compression without
compromising performance. Additionally, KMs are cost‐
efficient to produce, avoiding energy‐intensive manufacturing
while offering control over filament diameter, porosity, and
thickness—influencing the elasticity.

This study is the first one to introduce a mechanically adaptive
PTL design for AEMWE that directly addresses the limitations of
rigid PTL‐flow field interfaces. By applying an adaptive knitted
interlayer, we bridge electrochemical and mechanical design
principles to develop a PTL that actively responds to cell com-
pression dynamics. The knitted mesh not only distributes
mechanical stress evenly but also facilitates flow and electrical
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contact, enabling the elimination of traditional flow field struc-
tures. This redefines the role of the PTL in low‐temperature
electrolysis systems—from a passive gas‐liquid interface to an
active structural and functional element, advancing the path to-
ward scalable, efficient, and cost‐reduced AEMWE systems.

This study aims to optimise cost and improve performance in
AEMWE by evaluating the electrochemical and mechanical
performance of novel, multifunctional Ni and Inconel KM‐based
PTLs. Through single‐cell measurements, we assess their ability
to maintain uniform compression, enhance contact resistance,
and operate without machined flow fields. The goal is to dem-
onstrate that knit mesh structures offer a viable, efficient, and
scalable alternative for next‐generation electrolyser designs.

2 | Results and Discussion

2.1 | Microstructural and Computational
Analysis: Foundation of PTL Performance

This section portrays visual representations of KM and supports
the reader with production‐related outlook to relay a well‐
rounded sense of functionality of the metal structure as a PTL.
A selection of viable structures was carried out based on
available literature and our own research. All eight KM variants
are presented in Figure 2A, giving an overlook of the structural
variations and their denominations. The top row presents
nickel samples (labelled as KMN and a number) and the bottom
row Inconel 601 (labelled KMI and a number); from left to
right, the targeted porosity (free volume) increases, reflected in
the denomination number 1–4. All samples share the same
knit wire thickness, with a singled‐out wire highlighted in
Figure 2E. The filaments are produced by wire drawing through
a die orifice with a 125 μm diameter opening, resulting in
plastic deformation of the material visible on the SEM magni-
fied images as lines along the filaments. Notably, small material
chips found on the wires can be attributed to solid‐state welding
of the flakes onto the filament, due to friction heat dissipation
during the extrusion process. After the filament is produced, the
wire is stitched on a knitting machine to create a knitted
structure. The mesh can then be crimped if required and is then
folded into multiple layers to fill a die tool and pressed together.
The resulting structure, a pad, allows for small, elastic defor-
mation yet still maintains its structural integrity. However, as
the compression process creates a random internal structure,
the porosity in any given area of the pad will be different. These
randomised structure irregularities are observed in the SEM
images as well. Compared to conventional serpentine flow
fields, meshes exhibit significantly lower pressure drop and can
distribute flow more uniformly when properly designed, leading
to a ~10% performance increase for PEMFC [29]. The diamond‐
shaped architecture of the flow field (such as our expanded
mesh), in particular, allows for improved reactant and gas
removal pathways and has been shown to outperform tradi-
tional single‐channel serpentine patterns in both performance
and pressure loss, as validated by Dong‐Hui et al. [30] Addi-
tionally, the use of mesh as a combined flow distributor and
PTL contributes to a substantial reduction in overall system
cost by eliminating the need for separate flow fields and
reducing machining complexity in bipolar plates. Furthermore,

numerous applied studies have been conducted to research the
impact of knitted meshes on flow conditions. They are shown to
efficiently and uniformly distribute the flow [31]. As a result,
such KM potentially ensures a more consistent electrolyte flow
across the in‐plane of the cell at the MEA interface, reducing
significant divergence in flow patterns.

We used microscopic computed‐tomography (μCT) scans to
obtain a 3D representation of all KM samples to parameterise the
novel PTL structures. The results were used to determine
porosity and served as data input for structural, electrical, ther-
mal, capillary–pressure, and flow simulation in the software
GeoDict. The computed porosity values are summarised in
Table 1. It must be noted that the measured porosity can only be
attributed to the local resolution of the sample, which, due to the
pad production process, may not be the representative value.
Therefore, we will refer to it as locally resolved porosity to dif-
ferentiate it from the targeted, sample‐averaged porosity. The
porosity was determined using GeoDict's porosity algorithm,
which is designed to correspond to mercury porosimetry
(PoroDict‐Porosimetry). This algorithm accounts for the con-
nected porosity. For the evaluation, the structure was cut to
receive a planar connection to the domain boundaries.

All eight PTLs, four made from Ni (PTL KMN1–4) and four of
Inconel 601 (KMI1–4), were evaluated for application in
AEMWE. The key parameters evaluated include relative diffu-
sivity, tortuosity, electrical conductivity, electrical resistivity, and
thermal conductivity. Table SI2 details the structural parameters
of all samples, simulated in GeoDict in x‐, y‐, and z‐directions.

Given that the y‐axis corresponds to the through‐plane, which is
critical for connecting the MEA to the current collector. It
directly affects electron transport, gas diffusion, and heat dissi-
pation between the catalyst layer and the current collector.
Hence, the through‐plane transport properties are of more sig-
nificance. Nevertheless, x‐ and z‐directions remain important, as
they correspond to the directions of electrolyte flow through the
cell. The comparison among Ni and Inconel‐based samples
revealed a notable trade‐off between gas transport efficiency and
electrical and thermal performance. It is evident that higher
porosity correlates with lower electronic and thermal conduc-
tivity, which aligns with common expectations, thus verifying the
simulation (Figure 2C). The simulated conductivities are high in
all directions, with a notably higher value in the z‐direction. This
high through‐plane conductivity is primarily attributed to the
extensive contact areas between the Ni/Inconel fibres. The sim-
ulated tortuosity decreases as porosity increases, which aligns
with expectations for both the Inconel and Ni structures
(Figure 2B). Additionally, all properties display a directional
dependence, likely due to the weaving orientation. Upon calcu-
lating diffusion through the different fibre structures, it was
found that the tortuosity is significantly lower across all these
structures than that is typical for a PTL [32]. The representative
capillary–pressure curves for sample KMN1 are presented in
Figure SI3 for all x‐, y‐, and z‐directions. Figure 2D compares
oxygen saturation across all Ni samples (KMN1–4) at pressures of
500 and 1000 Pa, based on capillary–pressure curves. Addition-
ally, Figure SI2 provides a similar visualisation of the saturation
distribution across all Inconel samples (KMI1–4). The results
indicate that higher porosity enables high oxygen saturation at

4 of 16 Carbon Energy, 2025

 26379368, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cey2.70071 by D

tsch Z
entrum

 F. L
uft-U

. R
aum

 Fahrt In D
. H

elm
holtz G

em
ein., W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



lower pressure throughout the mesh structure (Figure 2F). The
visualised oxygen distributions are promising, suggesting that
increased porosity, despite lower conductivity, may enhance
performance by facilitating oxygen transport.

Overall, nickel‐based PTLs generally exhibited superior prop-
erties in facilitating efficient electron transfer from the current
collector to the catalyst layer and efficient heat dissipation.
Notably, Inconel sample KMI4 showed the highest through‐
plane diffusivity (0.752) of all the PTLs, indicating superior
gas/electrolyte transport at a trade‐off with lower electrical and

thermal conductivity. The simulated results and electro-
chemical performance data will serve to establish which of the
parameters of the trade‐off are more critical.

2.2 | Mechanical Characterisation: Evaluating
Structural Integrity

In the context of AEMWE cell performance and durability, the
mechanical characteristics of the cell assembly warrant
particular attention, especially when considering novel PTL

FIGURE 2 | (A) SEM images of the custom KM PTLs with 30× magnification. Denomination: KM corresponds to knitted mesh; top row

N‐nickel; bottom row I‐Inconel; number corresponding to structure variation by porosity. The influence of porosity on (B) relative diffusivity and

geometric tortuosity, and (C) electrical and thermal conductivity. (D) GeoDict simulated oxygen distribution at 500 Pa (top) and 1000 Pa (bottom) for

all nickel KM structures; porosity increase direction: left to right. The mesh structure is shown in red and oxygen in green. (E) 1.5 cm × 1.5 cm,

GeoDict 3D structure with highlighted single filament/wire. (F) Capillary pressure curves for oxygen saturation of the two most different nickel

structures—KMN1 and KMN4.
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components. The specific considerations should include the
uniform distribution of compression, maintaining structural
integrity under operation, and minimising ICR. These factors
are directly influenced by the physical characteristics of PTL
structure, namely porosity and thickness. Achieving uniform
compression distribution and minimising force peaks are cru-
cial for maximising the area of the catalyst layer in electrical
contact with the MEA ensuring its optimal utilisation. In
regions where force peaks occur, the ICR drops significantly,
allowing for locally high gas production, exacerbating the for-
mation of hot spots. These hot spots raise the risk of thermal
damage, ultimately compromising cell performance and lon-
gevity. Furthermore, even minor variations in compression
distribution can undermine the structural integrity of the cat-
alyst layer, leading to cracks and a loss of in‐plane conductivity.
High gradients of compression distribution have the potential to
cause premature membrane puncturing or substrate breakage,
which in turn can block the flow fields (or replace components
e.g. expanded mesh) and increase mass transport problems
translating to degradation of overall cell efficiency.

We verify the benefits of pressure distribution between two cell
assemblies subject to the same torque‐referenced compression.
The assembly depicted in Figure 3A consists of an expanded
mesh, a 250‐μm‐thick nickel felt, a two‐piece pressure‐sensitive
Fuji paper inset, and carbon paper (CP, Spectracarb), all sand-
wiched between the end plates without flow fields. In contrast,
the assembly shown in Figure 3B includes an additional 60%
porosity nickel knitted mesh, placed between the expanded
mesh and nickel felt. The inclusion of knitted mesh in the
stacked‐PTL configuration significantly reduces pressure peaks,
as indicated by the Super Low LLW Prescale paper, thereby
eliminating high gradients in pressure distribution. Addition-
ally, the KM effectively evens out the assembly compression
force, suggesting that more of the catalyst layer is in contact
with the membrane. These results verify the positive impact of
spring‐like behaviour of the KM and are expected to bring
significant improvements on the system level:

i. evening out the compression distribution and accom-
modating manufacturing tolerances across the MEA,

ii. simplifying stack assembly by reducing sensitivity to
uneven surfaces or slight dimensional mismatches, and

iii. mitigating mechanical degradation by continuously
adapting to long‐term changes, such as membrane thin-
ning during extended operation. This continuous adap-
tation ensures sustained electrochemical contact between
layers and helps counteract performance losses typically
associated with reduced contact pressure over time.

This elastic recovery function, much like a mechanical spring,
offers a passive durability enhancement strategy and contributes
to long‐term performance retention. The use of KM thus adds
both mechanical and electrochemical value to the system.

Furthermore, to evaluate the elastic behaviour of the KM and its
impact on cell assembly, we conducted a metrology study to
quantify PTL deformation and define a suitable reference torque for
subsequent electrochemical tests. Assemblies comprising expanded
mesh (EXM) and each KM variant were compressed between end
plates at three torque levels: 0.2, 0.45, and 0.6Nm. The torque of
0.2Nm was the minimum clamping force necessary to secure the
cell and prevent any movement within the assembly, while 0.45 and
0.6Nm were chosen to explore the optimal compaction level. Fig-
ure 3C shows the stacked PTL thickness variation across seven
points of the cell assembly under the different torques and Fig-
ure 3D presents the total PTL thickness decrease between 0.2 and
0.6Nm, offering insight into the extent of deformation.

The stacked PTL design aims to provide integrative insight into
the mechanical response of elastic components within mesh‐
based flow field configurations. The applied forces in such
assemblies not only are perpendicular to the KM plane but also
introduce apparent bending torques at the EXM–KM interface.
These bending effects have a more pronounced influence on the
structural integrity of the KM compared to assemblies without
an expanded mesh. The rigidity of the KM is influenced by its
thickness, which must be carefully selected to balance elasticity
and support. This mechanical adaptability is especially benefi-
cial in cell setups with flow fields, expanded meshes, or rough
surfaces, as the KM deforms to conform to surface irregularities,
improving contact uniformity. While both Ni foam and KM can
deform under compression, they behave differently: Ni foam
undergoes plastic deformation, whereas the KM retains elasti-
city and reversibly deforms. This enables it to adapt throughout
the cell's operational life, compensating for changes such as
membrane thinning, maintaining even compression, and en-
hancing long‐term performance.

A torque of 0.6 Nm generally led to lower thickness variations;
however, thin, high‐porosity samples like KMN4 and KMI4
showed wide deviations in minimum and maximum values,
likely due to KM structure bending into the EXM channels.
This variability is undesired as it could lead to high assembly
compression gradients and cause membrane puncturing.
Therefore, a torque of 0.45 Nm was selected for electrochemical
testing, balancing sufficient compaction with minimal struc-
tural irregularities.

Further deformation data for KM alone is available in the
Supplement Information (Figure SI7). It is evident that when

TABLE 1 | Established porosity values via different methods.

Sample

Avg.
thickness
in the cell
assembly

µCT
resolved 3D
structure
porosity

GeoDict
simulated
in‐plane
porosity

reference @ 0.2 Nm 2× 2 cm2 1.5 × 1.5 cm2

KMN1 2.1mm 67.2% 70.48%

KMN2 2.0mm 67.8% 70.66%

KMN3 1.7mm 73% 75.55%

KMN4 1.4mm 80.0% 79.46%

KMI1 2.7 mm 69.2% 71.35%

KMI2 2.0 mm 67.2% 72.05%

KMI3 1.7 mm 71.2% 74.66%

KMI4 1.5 mm 82.5% 84.29%
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only perpendicular forces are applied to the KM plane, PTL
deformation increases with the increase of free volume, directly
correlating with the sample's through‐plane stiffness. However,
high‐porosity Inconel‐based samples showed greater variability
due to the bulky, folded structures required to achieve porosity.
Notably, sample KMI1 (~70% free volume) deviated from the
deformation trend, attributed to its increased hardness and
thickness, which led to partial, meta‐stable compression.

Other studies on PTLs have also highlighted the significance of
ICR, as it plays a crucial role in the overall performance of
electrolysis systems. For instance, Razmjooei et al. reported that
at an assembly pressure of 200 N cm−2, the ICR values for
stainless steel PTLs (ssPTL) were in the range of 65–70mΩ cm2.
However, when a nickel microporous layer (NiMPL) was
applied to the ssPTL, the ICR significantly decreased to
approximately 20 mΩ cm2, demonstrating the benefits of using
microporous coatings [20]. Similarly, Stiber et al. found that

under the same compaction pressure, the ICR for ssPTL was
approximately 75mΩ cm2, but this resistance was reduced
when a titanium microporous layer (TiMPL) was applied, with
the TiMPL‐ssPTL reaching an ICR of 50 mΩ cm2 [33]. These
findings reinforce the importance of optimising the PTL struc-
ture and surface coatings to improve interfacial contact, which
is critical for enhancing the efficiency of electrolysis systems.

The reference sample used for ICR measurements in this study
consists of both EXM and felt, which are made from nickel. As
such, the system primarily exhibits bulk resistance, with ICR
being negligible due to the same material at the contact points.
Thus, the reference value reflects the combined ICR between
the gold‐coated copper and nickel EXM, as well as between the
nickel felt and gold‐coated copper. Then, a KM layer was
introduced between the EXM and felt. For KM, since the
material is also nickel, the interfacial resistance remains neg-
ligible, and the observed increase in ICR is attributed to a rise in

FIGURE 3 | Fuji pressure sensitive film obtained from 4 cm2 cell assembly with 4 ×M4 screws tightened with 0.45 Nm reference torque (also the

operation point for acquired electrochemical data): (A) EXM+ felt + 2‐piece Prescale film+ CP; (B) EXM+KMN2+ felt + 2‐piece Prescale film+

CP. (C) Results of the stacked PTL thickness variation, measured at seven points across the cell assembly under the three selected compressions for

all knitted meshes selected for this study. Averaged setup torque to compression transformation: 0.2 Nm‐85 N cm−2, 0.45 Nm‐190 N cm−2, and

0.6 Nm‐250 N cm−2; (D) total PTL thickness decrease between the reference torques of 0.2 and 0.6 Nm applied during assembly compression.
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bulk resistance. This correlates with the results presented in
Figure 4, where higher porosity samples exhibit lower ICR,
while variations correspond to differences in the ‘local porosity’
of the ICR samples.

The advantage of the all‐nickel setup can be explained by the
superior electrical conductivity of Ni compared to Inconel
(summarised in Table SI1‐2), directly influencing the ICR out-
comes. Nonetheless, the ICR results for the stacked PTL system—
comprising nickel EXM, Inconel KM, and nickel felt—are com-
parable to those of single‐component NiMPL‐ssPTL, achieving
values of approximately 20 mΩ cm2 when using KNI1 and KNI2
(with < 70% porosity). This is noteworthy, given that Inconel and
stainless steel exhibit similar electrical conductivity, highlighting
the significant role of the knitted mesh structure itself in reducing
ICR. Even more promising is the ICR result for KMI4, which,
with its 85% porosity, further halves the ohmic resistance of the
stacked PTL, yielding an exceptionally low ICR of 10mΩ cm2.

2.3 | Electrochemical Characterisation:
Performance Analysis in AEMWE

This section presents a comprehensive analysis of the electro-
chemical performance of the studied PTLs in AEMWE, focusing
on polarisation curves, electrochemical impedance spectroscopy
(EIS), and equivalent circuit fitting (ECF). The results, includ-
ing figures and supplementary data, are used to correlate key
electrochemical parameters with the structural and mechanical
properties discussed earlier, providing insights into the optimal
conditions for enhancing cell efficiency and durability.

The cell assembly and parameters used in this study are detailed
in the experimental section and summarised in Table SI3.

Several methodological considerations were made to ensure a
focused and comparative evaluation. An EXM was selected as
the flow field to align with current literature and state‐of‐the‐art
designs, including sintered meshes, facilitating direct compari-
son. The study concentrates exclusively on the anode PTL, with
no optimisation of the cathode side, to prevent overlapping
factors that could influence performance. To further reduce
variability from kinetic efficiency, the anode catalyst‐coated
substrate (CCS) was prepared with a high nickel loading.
Likewise, high platinum loading (0.8 mgPt cm

−2) was used at
the cathode to ensure that it would not become a limiting factor.
Additionally, 1 M KOH electrolyte concentration was chosen to
minimise the influence of electro‐kinetic limitations on the
cell performance (for electrolyte concentrations < 0.5M KOH)
[19, 34], maintaining consistency across experimental condi-
tions. The electrochemical characterisation followed an estab-
lished activation and breaking‐in protocol to assure that all data
were extracted at the same operating condition and are there-
fore representative. The extent of these protocols is described in
the experimental section. Figure 5A presents recorded polar-
isation curves and high frequency resistance (HFR) corrected
plots for Ni samples; similarly, Figure 5B shows performance
curves for Inconel samples.

To establish a reference for performance, we first evaluated cells
without the knitted mesh (Figure 5A, pink and black curves)
using state‐of‐the‐art MEAs and conventional flow fields. Two
PTL configurations were tested: the commercial Ni felt (2Ni06‐
020) and a modified Ni felt of the same thickness, but asym-
metric porosity, where the denser side is in the interface with the
catalyst (Ni‐LP/HP‐250). Between the cells without the KM in
assembly, the performance of Ni‐LP/HP‐250 is better, reaching
2.09 A cm−2 at 2 V. This is attributed to the better utilisation of
the catalyst layer at the denser side of the felt. These results

FIGURE 4 | ICR as a function of assembly compression pressure, measured using gold‐coated cylinder blocks. The highlighted region represents

the standard cell assembly in an electrolysis stack. (A) Reference measurements of EXM and Ni‐felt, as well as nickel samples KMN1–4, each placed

between the EXM and Ni‐felt and (B) measurements including Inconel samples KMI1–4.
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FIGURE 5 | Polarisation curves and high frequency resistance response recorded at three currents: (A) cells with nickel KM samples. (B) Cells

with Inconel 601 samples. EIS represented as Nyquist plots, recorded at 1 A cm−2 ± 25mA cm−2. (C) KMN1–4 samples. (D) KMI1–4 samples.

Hollowed points represent frequency values of 100 Hz for cross and 10 kHz for vertical lines, between which gas evolution resistances of the anode

and cathode are superimposed. The impedance values recorded at frequencies lower than 100 Hz are widely attributed to mass transport. The EIS

analysis of this study is supported by the publication of Ranz et al., on the AEMWE loss mechanisms they attribute to specific parts of the spectra

[35]. (E) Layout of the used ECF model. L0 = impedance of the electrical connection; R0 = ohmic resistance intercepted at the high frequency; R1 =

HER resistance, charge transfer resistance accompanied with double layer effects in the electrode (Q1); R2 = OER resistance, and charge transfer

capacitive effects (Q2); R3 and Q3 correlating to mass transport phenomena.
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highlight the performance ceiling attainable through conven-
tional PTL tuning alone.

To contextualise the performance enhancement achieved with
our PTL design, we compared our results with relevant litera-
ture employing the same functional components, namely the
Fumasep FAA3‐50 membrane, and comparable operating con-
ditions (1 M KOH, 60°C). In a study by Liu et al., a completely
platinum group metal (PGM)‐free configuration (NiFe2O4

anode and NiFeCo cathode, 2 mg cm−2 loading each) was tested
under the same operating conditions. Their system achieved
2.4 A cm−2 at 2.2 V [36]. In another study by Gatto et al., an IrO2

anode (3mg cm−2) and a Pt cathode (0.5 mg cm−2) were em-
ployed. Despite the high noble metal loadings, the cell operated
at 2 A cm−2 with a cell voltage of 2.2 V under 1M KOH at
60°C—comparable to our baseline configuration without the
knitted mesh and PGM‐free anode [37].

This clearly demonstrates that the substantial impact PTL
design can have on electrochemical performance, even when
other cell components and/or operating conditions are held
constant. Thus, our baseline results (the reference cells without
KMs, Figure 5A) already match the current performance fron-
tier AEMWE systems with reduced reliance on PGM materials.

Ultimately, the addition of a KM to the stacked PTL structure
enhances performance, particularly when combined with more
porous structures. This is primarily due to not only improved
compression distribution across the PTL but also reduced mass
transport resistance. This effect outweighs the impact of the
slight increase in contact resistance compared to the combina-
tion of EXM and nickel felt, as seen in Figure 5B. In the case of
KMI1 (< 70% porosity), the polarisation curve shows a notice-
able upward bend, suggesting the onset of mass transport lim-
itations at higher current densities. This behaviour is likely due
to the increased sample thickness relative to other KMs. Despite
having the highest R₀ value, attributed to its relatively lower
porosity, the corrected polarisation curve for KMI1 shows the
best performance. The superior performance of KMI1 compared
to KMN1 may be explained by the heat transfer dynamics
through the PTL. The thicker Inconel structure (approximately
20% thicker, as shown in Figure 3C) has a lower thermal con-
ductivity compared to Ni (Table SI1 and computed GeoDict
values in Table SI2), leading to higher temperatures at the
MEA. Similar findings were reported by Weber et al., who
demonstrated that reduced heat transfer coefficients in PTLs
can lead to elevated local temperatures at the MEA, subse-
quently enhancing performance [7].

When excluding the least porous and thickest porous knitted
meshes (KMI1 and KMN1), an interesting trend emerges: In-
conel samples exhibit a decline in performance as porosity
decreases, whereas nickel samples display the opposite trend.
This could be linked to differences in the thermal conductivity,
which merits further investigation.

The EIS data presented in Figure 5C,D generally correlate with
the ICR results in Figure 4, confirming that lower R₀ values are
associated with the higher elasticity of knitted meshes. While
both parameters reflect interfacial resistance, it is important to
note that the high‐frequency resistance is acquired during cell

operation and reflects additionally the resistance to electron flow
through the system, including the electrolyte. In highly alkaline
electrolytes, such as it is in this study, the electrolyte conductivity
promotes the electron flow within the PTL structure and lowers
the HFR. The relationship between the ICR and the HFR would
be more prominent with a neutral pH electrolyte. Overall, the
impedance data align with the trends observed in the polarisation
curves. Notably, the sample KMN2 (70% porosity) behaves sim-
ilarly to KMN3 (75%), which is also reflected in the ICR data
(Figure 4A) and corresponding HFR. This similarity explains the
comparable polarisation curves for these samples (Figure 5A).
However, KMN2's slightly higher mass and greater thickness
(Figure 3A) suggest that its marginally improved performance
compared to KMN3 may stem from electrochemical reactions
occurring on the surface of the KM itself.

From a design perspective, reducing both the volume and mass
of the electrolyser components is often desirable. Therefore,
KMN3, with 75% porosity, is recommended as the optimal PTL
among the nickel knitted mesh samples.

In the case of the Inconel samples, the EIS data in Figure 5D
reveal a pronounced semicircle at low frequencies, indicative of
mass transport limitations. This effect becomes more pro-
nounced as porosity decreases. To better understand these
results, further analysis using ECF was necessary to determin-
ing whether mass transport (MTX) resistances are also present
in the nickel samples but are masked by the resistances from
electrochemical gas production reactions.

To further interpret the EIS data, we employed an ECF model
using the layout L₀sR₀s(Q₁pR₁)s(Q₂pR₂)s(Q₃pR₃) presented in
Figure 5E, resulting in three distinct semicircles in the imped-
ance spectra. The first resistance, R₀, corresponds to the ohmic
resistance, which is closely tied to the ICR as previously dis-
cussed. The second resistance, R₁, represents the hydrogen
evolution reaction (HER) resistance. However, this semicircle is
often superimposed with R₀ and R₂, making it difficult to
accurately deconvolute due to inherent ECF fitting errors. The
third resistance, R₂, is associated with the oxygen evolution
reaction (OER). While R₂ is partially superimposed with both R₁
and R₃, its larger magnitude (R₂ » R₁) makes this superposition
less significant. Finally, R₃ corresponds to MTX resistance,
which appears in the low‐frequency region and is prone to
measurement inaccuracies, leading to the highest fitting error
in the ECF. Overall, the circuit fitting was performed with an
error range between 0.88% and 1.51% and the fitted resistance
values can be found in the Supplement Information in
Table SI4.

• R₀ (ohmic resistances): The fitted R₀ values have a clear
correlation with ICR results indicating a strong influence of
the sample morphology on the resistance, undermining
however the importance of electrical conductivity in the
overall cell resistance. As seen in Figure 4, the Inconel
samples showed 20‐fold worse ICR values. This is not
translated to the R₀ results.

• R₂ (OER resistance): Despite similar porosity and thick-
ness (e.g., KMN1 vs. KMI2 or KMI3 vs. KMI4), R₂ values
are lower for nickel samples compared to Inconel. This
slight difference might be due to the OER occurring on the

10 of 16 Carbon Energy, 2025

 26379368, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cey2.70071 by D

tsch Z
entrum

 F. L
uft-U

. R
aum

 Fahrt In D
. H

elm
holtz G

em
ein., W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



PTL surface, with nickel showing higher activity than
Inconel 601. However, this variation has minimal impact
on overall PTL performance. Interestingly, the thicker
KMI1 (2.7 mm) sample exhibits a lower R₂ value com-
pared to KMI2 (2 mm), potentially due to increased
temperature at the MEA interface, which could enhance
OER kinetics. Therefore, the KMI1 result represents a
poorly designed PTL with suboptimal thermal manage-
ment properties.

• R₃ (MTX resistance): As porosity increases, R₃ decreases.
This is consistent with oxygen saturation trends observed in
simulations conducted in this study. Ni samples generally
show lower MTX resistance than Inconel, which is equally
corroborated by simulation results.

The total resistance (R₀+ R₁+ R₂+ R₃) aligns closely with the
trends observed in the polarisation curves, confirming the
validity of the ECF model for interpreting the overall cell
performance. A clear pattern emerges, showing a reduction in
total resistances with increasing free volume, supporting the
notion that porosity plays a crucial role in minimising elec-
trochemical resistance. The thinnest and most porous Inconel
sample (KMI4) demonstrates the lowest total resistance,
highlighting the performance benefits of optimised PTL
structure and morphology.

2.4 | Integrative Analysis: Correlating Structure,
Mechanics, and Performance

Advancing AEMWE technology can benefit significantly
from optimising the PTL interlayer structure. Our simula-
tion results highlight a trade‐off between microstructural
features—diffusivity, and through‐plane conductivity—that
must be balanced for optimal performance. Notably, PTLs
based on knitted meshes offer a promising solution, as their
structure supports both electrochemical efficiency and
mechanical robustness.

The mechanisms underlying the performance enhancement
arise from two distinct functionalities of the proposed PTL–flow
field structure. Firstly, the elasticity of the knitted mesh enables
more uniform pressure distribution across the cell area. This
not only reduces regions of excessively high compaction force
but also contributes to overall pressure homogenisation across
the sample. Such redistribution directly improves the contact
between the catalyst layer and the membrane, enhancing cat-
alyst utilisation and, consequently, the overall cell performance.
Furthermore, minimising localised forced maxima mitigates the
occurrence of high current density zones, which are often
responsible for hot spots and mechanical degradation of the
membrane electrode assembly.

The second key mechanism involves the improved flow char-
acteristics of the knitted mesh, provided that appropriate design
parameters are selected. Our simulation study demonstrates
that knitted meshes exhibit excellent permeability, flow and
structural characteristics, facilitating efficient removal of prod-
uct gases and alleviating mass transport limitations. This effect
is also corroborated by our electrochemical measurements,
where the absence of a knitted mesh results in upward bending
of the polarisation curve—a signature of mass transport
losses—that is significantly reduced upon mesh inclusion.

Finally, the continuous single‐wire design, which folds upon itself
and multiplies contact points in all directions, results in excellent
electrical and thermal conductivity in nickel‐based samples and
very good performance in Inconel‐based ones, as confirmed by
simulation studies. Importantly, the inclusion of the knitted mesh
does not introduce measurable increases in cell resistance, despite
being an additional component in the assembly.

As illustrated in Figure 6A, the spring‐like behaviour of the KM
interlayer ensures dynamic compression distribution and con-
tributes to the observed ICR improvements. This mechanical
adaptability is a cornerstone of the multifunctionality offered by
stacked PTLs. This analysis includes a closer examination of
structural differences, particularly porosity as influenced by the

FIGURE 6 | (A) Adaptability of knitted mesh structures under assembly compression. (B) Comparison of the knitted wire mesh pads in relaxed

and compressed states illustrating the impact on porosity. (C) Correlation of the performance indicator with sample average spring stiffness (kavg).

The kavg. was calculated between the average sample height at 0.2 Nm assembly and 0.45 Nm.
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pad's spring stiffness, showcased in Figure 6B. Notably, KMN2,
which exhibits significantly greater elasticity than KMN1, more
effectively distributes mechanical compression across the cell.
With approximately double the elasticity of KMN1, KMN2 en-
hances the uniformity of MEA contact and increases the number
of catalyst utilisation areas, thereby improving electrochemical
interface conditions. Overall, the ICR results showcase that the
selected materials exhibit significantly lower values than those
reported in the literature so far. The stacked PTL assembly with
Inconel KM as the interlayer achieves ICR values comparable to
single‐component NiMPL‐ssPTL (~20mΩ cm2), with even fur-
ther reductions to ~10mΩ cm2 observed in highly porous
configurations (80%). Meanwhile, the ICR values with the Ni
component are in the range of ~1mΩ cm2 at 200 N cm−2,
showcasing structural and material synergies in minimising
resistance. Figure 6C demonstrates that lower spring stiffness (k)
correlates with improved performance. Samples with reduced
stiffness offer better compression distribution and reduced ICR,
aligning with the observed performance trends.

Electrochemical characterisation, including polarisation curves,
EIS, and ECF analyses, indicates that nickel‐based PTLs with
higher porosity (> 70%) and elasticity provide superior per-
formance. This improvement is attributed to reduced ICR and
beneficial oxygen saturation, which inhibits MTX resistances.
Conversely, the best‐performing Inconel sample KMI4 is the
thinnest and exhibits the highest porosity. This suggests that Ni
materials may exhibit a less pronounced trade‐off between the
electrical conductivity (improved at lower porosities) and gas
permeability (enhanced at higher porosities). For Inconel, lim-
ited gas permeability leads to more pronounced MTX resist-
ances, as observed in the EIS semicircle at low frequencies.
Therefore, higher porosity structures with high diffusivity and
low tortuosity are favourable for Inconel.

Further PTL optimisation involves reducing mass via lower
porosity or thinner structures, allowing material savings with-
out compromising on performance. Electrochemical data show
that PTLs with 75%–80% porosity and reduced thickness deliver
optimal performance improvement, making material reduction
a viable strategy for cost‐effective cell design.

In summary, KM PTLs provide several advantages due to their
customisation. They support diverse material selection, with
filaments diameters ranging from 0.05 to 0.7 mm, and offer
tunable porosity and thickness, with a minimum thickness of
~1mm. Their elastic nature reduces stack assembly variability
and distributes peak forces homogenously compared to tradi-
tional flow field/felt interface. Additionally, KM structures
support slow, uniform electrolyte flow by efficient vortex mix-
ing. Compression performance can be tailored by adjusting the
filament diameter, PTL porosity, material hardness (via heat
treatment), and mesh structure (e.g., loop size). KM PTLs are
cost‐effective to manufacture, requiring less energy, material,
and emissions. They can be produced in various shapes,
including designs with integrated flow distribution channels,
and are weldable to metallic components, making them versa-
tile for PTL applications.

The PTL optimisation strategy explored in our work could be
assimilated to cathodic PTL design. However, AEMWE systems

are often operated with a dry cathode, meaning that the two‐
phase flow and water management challenges are not as prom-
inent on the cathode side as they are on the anode. This was
motivated by the well‐established limitation posed by oxygen
evacuation on the anode [38], which we aimed to prioritise.

3 | Conclusion

This study highlights the critical role of anode PTLs in
AEMWE, focusing on structural innovations and different
materials (Nickel and Inconel 601). The introduction of a
low‐cost KM PTL demonstrated improved compression force
distribution, enhanced gas transport, and optimal electrical and
thermal conductivity within the cell. This approach integrates a
‘spring‐like’ elastic structure into the PTL assembly, ensuring
mechanical stability during operation and facilitating uniform
compression across the MEA.

Our findings suggest that this stacked PTL design offers a cost‐
effective and scalable alternative by potentially reducing the
need for traditional flow fields, thus simplifying cell manu-
facturing. While the electrochemical testing indicated improved
operational metrics, the primary significance lies in the dem-
onstrated benefits of structural optimisation. The outcome of
this study provides a framework for developing adjustable, cost‐
effective PTLs that can complement or replace existing designs
of AEMWE systems.

Future research should expand on these findings by further
evaluation of durability and investigation of other elastic PTL
materials, advanced flow distribution mechanisms, and the
potential integration of alternative spring‐like elements. These
developments could further enhance the robustness and effi-
ciency of PTLs, paving the way for scalable and economically
viable hydrogen production. This study concludes that KM
PTLs are qualified for use in AEMWE and are now commer-
cially available at KnitMesh Technologies (UK).

4 | Experimental Section

4.1 | Material Specification

Nickel‐alloy felts: All substrates used in this study were man-
ufactured by NV Bekaert SA (Belgium). As a reference, a
commercially available felt, 2Ni06‐020, was used—comprising
sintered nickel metal fibres with 88% porosity and a thickness of
250 μm. Pre‐commercial substrates were also investigated:
sample Ni‐LP‐450, a sintered nickel fibre felt with lower
porosity and a thickness of 450 μm; and sample Ni‐LP/HP‐250,
a sintered nickel fibre felt with dual porosity (low/high) and a
thickness of 250 μm. Finally, for the stacked PTL design, sample
Ni‐LP/HP‐200 was used for the CCS.

Nickel‐alloy knitted meshes: All PTLs used in this study were
custom‐manufactured at KnitMesh Technologies (UK). All
samples had 0.125 mm fibre diameter. KM1–KM4 samples
were made out of Ni200; KM5‐KM8 samples were made out
of Inconel601. More parameters can be found in Sections 2.1
and 2.2 and in Supplement Information.
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Nickel‐alloy expanded meshes: All flow distributors used in this
study were manufactured by SORST Streckmetall GmbH. The
samples were custom‐made out of Ni200 in the diamond‐shape
expanded mesh with a thickness of 0.5 mm and cut to size 2 cm
by 2 cm.

Carbon paper: All measured cells were assembled with a com-
mercial Spectracarb 2050A‐1050 purchased at fuelcellearth.com.

Anon exchange ionomer: All measured cells used Fumasep‐FAA3‐
50, a 50 μm thick, non‐reinforced AEM, commercially available at
QuinTech. The ionomer solution was prepared by dissolving the
10wt.% crushed membrane in analysis grade EtOH.

No‐flow‐field nickel bipolar plates were used and together with
the cell are a proprietary concept.

4.2 | CCS Fabrication

Anode catalyst ink proportions: 9 mg Ni nanoparticles from
Roth + 0.3 mL deionised water + 0.6mL analysis grade IPA +
1mg ionomer solution. Cathode catalyst ink proportions: 8 mg
Pt–C nanocatalyst with 40 wt.% Pt from Roth + 0.3mL deio-
nised water + 0.6 mL analysis grade IPA + 2mg ionomer solu-
tion. Both inks were at 15°C in ultrasonication with 100% power
for 1 h. All CCS samples were batch prepared by the nitrogen‐
fed airbrush spraying method, using an automated arm fol-
lowing a custom pattern to reduce variations in catalyst loading
over measured cells. The vacuum heating plate, where the CCSs
were placed, was set to 60°C to help evaporate the solvents.
Following, the anode ink was deposited on nickel felt and the
cathode ink on carbon paper. To estimate the catalyst loading
yields, the mass of the pristine substrate was measured and
subtracted from the mass of the substrate after catalyst layer
deposition. The final catalyst lading data are presented in
Table SI3. Moreover, the pristine electrode's surface, focused
ion beam (FIB)‐SEM model, and cross section are accessible in
supplement information Figures SI7‐9.

4.3 | Single Cell Components and Assembly

The Assembly: Between the KM and the catalyst layer, a PTL
from Bekaert with two porosities (low/high) and a thickness of
250 μm was used as the interlayer to avoid puncture of the
membrane. The benefit of using bilayer PTLs was already dis-
cussed previously [39, 40], by multiscale modelling of gas evo-
lution and transport through the structure. Therefore, our
comparative study of 10 PTL configurations includes

i. two variants of sintered metal fibres nickel felts + nickel
single expanded mesh (acting as flow field) and

ii. nickel felt + 4 porosity variants knitted meshes in two dif-
ferent materials (nickel and Inconel) + nickel single ex-
panded mesh (acting as flow field) depicted in Figure 1B.

The AEM and CCS were activated in accordance with the
manufacturer's guidelines in 1M KOH. The assembly consisted
of the following components, starting at the anode: Ni200

bipolar plate, no flow fields + Ni200 diamond shape expanded
mesh + option of nickel alloy knitted mesh + option of Ni200
sintered metal fibres felt as CCS +AEM+ spectracarb as
CCS +Ni200 bipolar plate, no flow fields. The cell had a square‐
shaped 4 cm2 area compressed with 4xM4 screws torqued to
45 cNm each.

Compression distribution: To determine the right assembly tor-
que and therefore cell's compression, a pressure‐sensitive foil
(Prescale) from Fujifilm was used. Both LLLW and LLW types
were employed to gain insight into the impact of the PTL on
pressure distribution. All obtained compression distributions
were analysed by FPD‐8010E‐Software, a pressure mapping
system. All measured cells were investigated, with the assembly
resembling the operating cell, whereas instead of the AEM, the
Prescale film was placed. Each assembly was repeatedly made
for three torque steps, 20, 45 and 60 cNm.

PTL Deformation under Compression: To quantify the elastic
deformation of the knitted mesh, a 4 cm² square pad of each
sample was sandwiched between the bipolar plates—either as a
standalone layer or in contact with an expanded mesh on one side,
reflecting the default cell assembly. Each assembly was tightened
in the same manner at three reference torque steps, and for each
step, assembly thickness measurements were taken at 6 or more
points throughout the cell with a manual Vernier calliper with a
measurement accuracy of 0.05mm. The deformation values were
established as the difference between assembly thickness under
compression with reference torque 20 cNm and the possible
operation torque values (45 or 60 cNm).

Contact resistance: The ICR was recorded for stacked PTL con-
cept, which included Ni expanded mesh +Ni‐alloy knitted mesh
pad (8 different samples) +Ni felt and a reference PTL concept
including Ni expanded mesh+Ni felt. Each stacked PTL concept
was placed between two gold‐coated copper cylinders, which
were located in a pneumatic manual press with a digital force
reading interface. Each of the copper cylinders was electrically
connected to the ZENNIUM Potentiostat from Zahner‐Eelctric
GmbH. Constant current of 5 A was applied and a voltage
reading at each pressure point was recorded. Each measurement
was repeated three times. The ICR measurement followed the
protocol already described in previous report [33].

4.4 | Single Cell Electrochemical Measurements

Before the operation, the cell was flushed with a freshly
prepared 1 M KOH feed for 1 h, slowly increasing the tem-
perature to the operating point of 60°C. The electrochemical
measurements were recorded with the use of ZENNIUM
Potentiostat from Zahner‐Eelctric. First, the activation
protocol was initiated, which included a stepwise increase of
voltage held for 5 min each until the maximum set potential
of 2 V. The activation protocol was about 90 min of cell
operation and was followed immediately by the stabilisation
protocol. To ensure a steady state of the cell before record-
ing the polarisation curves, the cell underwent a stabilisa-
tion protocol. It comprised of three 10 min cycles, and each
cycle was a voltage‐controlled ramp up from 1.25 to 2 V in
5 min and then a recovery from 2 to 1.25 V in the next 5 min.
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During the stabilisation protocol, the cell was operated for a
total of 30 min. After the activation and stabilisation pro-
tocol, each cell was kept at 1.25 V for 10 min to investigate if
a short circuit was apparent. None of the cells presented in
this study showed signs of a short circuit throughout the
electrochemical characterisation process. Immediately after,
polarisation curves were recorded under voltage increasing
from 1.25 to 2 V in 20 min and backing down to 1.25 V in
20 min. Finally, reference EIS data were recorded in galva-
nostatic mode at 1.75 ADC cm−2 ± 125 mAAC cm−2 and 0.5
ADC cm−2 ± 50 mAAC cm−2 before each measurement, the
cell was stabilised at the operating current for 5–10 min. The
EIS results were recorded at frequencies from 100 kHz to
100 mHz. To extract the impedance values, an ECF was
simulated using AfterMath software from Pine Research
Instrumentation. For this, an ECF build with the following
elements was used: L0sR0s(Q1pR1)s(Q2pR2)s(Q3pR3). The
obtained values are present in Supplement Information.

4.5 | Morphology Characterisation Techniques

μCT: 2 × 2 cm2 PTLs' 3D geometry was obtained by means of CT
using a SkyScan 2214 Nano‐CT from Bruker. The measure-
ments were conducted at an acceleration voltage of 80 kV and a
source current of 0.1 mA, resulting in a resolution of 6.0 μm/vx
for all samples. The data were reconstructed using the NRecon
program, also developed by Bruker.

Porosity was determined using the CTAn program (Bruker). A
volume of interest was selected from the reconstructed image
and the porosity was determined using binarization.

SEM: SEM was used to measure the fibre structure and
appearance of the Ni electrode (pore) structure. Surface and
cross‐sectional imaging was done using a Zeiss Crossbeam
350 equipped with an energy dispersive spectroscopy (EDS)
detector (Oxford ULTIM MAX 100 mm²). A work distance
(WD) of 5 mm was maintained using a 15 kV accelerating
voltage for imaging of the nickel fibre structures. Imaging of
the Ni electrode was performed at 2 and 5 kV with 5 mm
WD. EDS area analysis and mapping were performed at a
WD of 5 mm and an accelerating voltage of 15 kV. The SEM
surface measurement is shown in Figure SI7.

FIB–SEM: FIB–SEM tomography was performed to measure
the porous structure of the catalyst layer in 3D. The Zeiss
Crossbeam 350 FE–SEM equipped with the gallium liquid
metal ion source was used for FIB–SEM operation. FIB–SEM
tomography was performed to measure the porous structure of
the catalyst layer. A WD of ~5.1 mm at the coincidence point
between FIB and electron gun at 54° sample tilt was used for
the tomography. Before cutting, platinum and carbon layers,
including tracking marks, were deposited with the gas injec-
tion system on top of the electrode to enable drift compensa-
tion. A large and fine trench was prepared to expose the
electrode for the imaging. FIB current of nA at 30 keV
was used for slicing. A secondary electron Everhart‐Thornley
detector was used for imaging at 2 kV with a dwell time of
0.5 μs averaging four lines. One image of the electrode as a
cross‐section is shown in Figure SI9.

GeoDict: GeoDict 2024 was used for analysing the μCT fibre
structures and generating a 3D structure from FIB–SEM slices
(Figure SI8). First, the grayscale images were imported into a
3D model using the GeoDict ImportVol module. The images
were aligned, cropped to a 1.5 × 1.5 cm2 sample size and seg-
mented using the Otsu algorithm. The 3D structures were
thoroughly characterised to receive electronic conductivity,
thermal conductivity, flow properties, tortuosity (bulk diffu-
sion), and capillary pressure curves. For capillary pressure
curves, a contact angle between the nickel fibres and water of
25° was used for all structures [41].
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