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Abstract. This study investigates the feasibility of using Laser Powder Bed
Fusion (-PBF) additive manufacturinAM) to fabricate porous titanium
Porous Transport Layers (PTLs) for Proton Exchange Membrane Water
Electrolysis (PEMWE) systems. We exploré®BF as a potential solution

to overcome limitations of traditional PTL manufacturing methods, such as
limited control over structural morphology and inefficient material use.
Using spheroidized titanium powder, we produced 1 mm thick plates with
varying rosities by manipulating laser process parameters. The internal
structure and surface morphologyAd#l -produced PTLs were characterized
and compared to conventional preastered PTLs. tPBF successfully
produced PTLs with porosities in the recommende8@® range, featuring
spherical particles and a textured pore structarsitutesting in a lakscale
PEMWE revealed thatAM-produced PTLs exhibited improved
performance compared to commercial prgissered PTLs. This
enhancement is attributed to thieefr surface structure and favourable-gas
liquid transport properties of th&M-producedPTLs. These preliminary
findings suggest that-PBF is a promising method for manufacturing PTLs,
offering potential advantages in design flexibility, material efficiency, and
PEMWE performance. Further research is needed to fully optimiz&Nhe
process and comprehensively evaluate {tmrgh PTL performance.

1 Introduction

The transition towards a sustainable energy future is critical in addressing the challenges of
climate change and environmental degradafidre production of green hydrogen, which
involves splitting water molecules using electricity from renewable sources, is gaining
traction as a viable method for reducing carbon emissions across transportation, industrial
processes, and energy storage appbos.At the core lies the electrolyser technology, which
harnesses electricity from renewable sources to split water molecules and generate hydrogen.
However, the widespread adoption of green hydrogen faces several challenges, including the
high materials andhanufacturing costs of electrolys¢t$. In recent yeargrotonexchange
membranewvaterelectrolyserfPEMWE) have gained significant attention due to their high
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efficiency, compact design, and ability to operate at high current densities and under dynamic
load conditiong2]. These advantages have fuelled the surge in interest and investment in
PEMWE, as they offer a promising solution for scalable green hydrogen production.

A crucial component of PEM electrolysers is liagid-gas diffusion laye(LGDL), also
commonlycalledthe porous transport layer (PTLyhich serves multiple functionithin
the cell. These include twqphase transport of gas and watdrertnal and electrical
conductivityandmechanical support for the catalgstated membran&€CM). Titanium and
stainless stearethe preferred materialue to theircorrosiveresistance andoodelectric
properties While PTL material composition primarily affects cell ohmic resistance,
structural characteristics largely determine mass transport resi¢idnddese properties
controlthe ease of gas and water movement through the PTLs. Recent research has focused
on several key structural aspects, including porosity, pore diameter and structure,
morphology, thickness, and permeability. Findings from these studies have established
that PTL structural properties are crucial determinants of PEMWE performance.

Sintered titanium is the most widely used material for Porous Transport Layers (PTLS) in
Proton Exchange Membrane Water Electrolysis (PEMWE) systems. Researchers have
undertaken numerous initiatives to optimize PTL structure for enhanced PEMWE
performanceOne key area of focus has been porosity, with studies indicating that optimal
PTL porosity falls within the range of 30% to 5Q%3]. In their study, Grigoriev et aJ4]
investigated how various sintering properties affect PEMWE performance. Their findings
revealed that titanium powder with particle sizes between 50 um and 75 pum produces optimal
results. After sintering, this particle size range yields PTLs with a ppracR5% to 40%,
which was found to be ideal for PEMWE operation.

The interface between the PTL and catalyst layer significantly influences cell
performance in PEM water electrolysers. To enhance catalyst layer utilization, recent
research has focused on developing mmwoous layers (MPLs) using techniques such as
sintering [5] or low-temperature air sprayifi§]. Schuler et al[5] created a hierarchically
structured PTL by combining two layers: an MPL sintered from fine titanium powe20 (2
pm particle size) and a support layer made from coarser titanium powd&0(@h particle
size).

Although progresshas been maden understandingthe structureperformance
correlationsandthe application of thiknowledge tanoveldesignsfor examplethe MPLs,
the traditionaimanufacturing methodstill havelimited control overstructural morphology
pore size distributiomnd PTLcell integration Furthermoretraditionalmethods are costly,
inefficient andenergy intensiveThe currentstudy investigatethe additive manufacturing
(AM) process ofaser powder bed fusion{BBF) as a potenti@mlovelmanufacturingnethod
for PTLsto overcome some of theonstraints and drawbacks of traditional methadBBF
is known to allowexceptional design flexibilitwhile enabling efficient use of material and
low energy consumption[7]. AM has already been appliegd manufactureslectrolyser
components such ds-polar plateg8], LGDLs[9] and fully integrated transport laydds)].

This ongoingstudyaimsto explore thdeasibility of L-PBF for the fabrication gborous
titanium PTLs ando evaluate theiperformance in a PEMWE systerfhis papepresent
encouragingreliminary findingsof this researchlhe paper is structured in three main parts.
First, we present the methodology for developing, designing, and manufacturing AM
producedporous titanium PTLs. The results section discusses our findings on porosity
characteristics, structugrocess correlations, and pore morphology. Finally, we evaluate the
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performance of the AMproduced PTLs through-situ testing in our latscale PEMWE.
This performance is then compared to that of a pessred PTL, which serves as our
benchmark.

2 Methodology

2.1 Design and manufacturing

The first step in developiniipe AM-produced PTL plates was to determine tHeBF laser
processparameters (consisting of laser power, laser scan speed, layer thickness and laser
hatch distancehatachieve porousparts A feasibleL-PBF procesparametewindowwas

defined usingstudies byBezuidenhoufl11] and Kimet al. [12]. Design Expert’s D-optimal

surface response methodology was usedcreate 20 different process parameters
combinationg13].

Spheroidizeditanium powder ommercially pureéGrade ) was acquired from AP&C.
The manufacturereportsa particlesize distribution(by laser diffractiohof 15-45 um with
D10=17 um, D50=32um and D90=44um. The nmanufacturer further reports apparent
density (ASTM B212) of 2.55 g/cinflow rate (ASTM B213)pf 29 s ancanoxygen content
<0.16%. A Concept Laser 200R-PBFmachinewas used to build plates of 1 mm thickness
in a vertical orientationAn initial build, depicted in Figure lwas doneo correlatelaser
process parameters to part porosity by buildingn2@square samplegfter characterising
the plateslaser procesgarameters werselectedo build full-sized 71 mm square plates (the
required size for installation in the PEM electrolysis systemg.cfiterion forselectionwas
a good buildquality anda minimumporosityof 30%

X

Fig. 1. (a) Photographs of builplate with20 platesampleg20x20x1 mm)Arrow indicated gas flow
andpowder coating direction(b) Sampldocal coordinate systerfy-axis is parallel to the build
direction and:-axisorthogonal to the plaje

2.2 Sample preparation and characterisation

Before characterisingndin-situ testing samplesvere thoroughly cleaned pefstbrication
by ultrasonicatingwice in acetone forl5 min each(using fresh acetone for each step)
followed by 15 min in isopropanglfollowed by water for 15 minSamples weréhenair-
dried. Sample nass wasneasured postleaningusing highprecision scaléKern and Sohn
GmbH, model ABT 12&DM).
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To characterisénternal porosity and pore morphologgamples were mounted fasin
(Struers EpoFixandplacal in a vacuumchamberfor 1 hourat 50 kPa below atmospheric
pressurego allowfor resin mpregnationSamples weréhen placed in an oven at 4G for
24 hours to accelerate curingamples were sequentially grouad theirxy-planeby 320
and 800 grid SiC paper to expose internal pore structideanted amples werehen
ultrasonically cleaned in ispropanolfor 10 min followed by akdrying.

Micrographs of plates’ xy-planewas imaged using an Olympus GX51 optical microscope
and processed usin§tream Essentials softwar&ample porosity was estimated by
calculated the micrographs’ pore-to-solid area rationThis was achieved bstitch nultiple
neighbouring imageto create darge micrograph of~20 mm?2. These were converted to
blackandwhite format. Manual valuthresholding was then applied to determine the ratio
of pore area to solid surface area. To calculate an average porosity perdbigggecess
was repeated omultiple image mapfr each sample.

2.3 In-situ performance evaluation

The performance of thé-PBF producedTLswereevaluatedy installingthem in theiras
fabricated state in a singlecell configuration of a lalscale PEMVE system. The
performance of a commercially available presgered PTL plat€71 mm square of 1 mm
thickness)was used as a benchmaiithe PEMWE systemspecifications are tabulated
Tablel.

A bi-directional power supply (ITECHlectronics— model IT-M3906G32-240) was
used in galanostat mode to generate polarization curves. Current stefOviZasA/s from
0 to 20 Awith 5 cycle repetitions. Acquisition resolutian0.1 st. Transient performance
was characterisesly measuring the current resporiseapplying avoltagestep to2 V (at a
rate 0f0.01 V/s).A high-resolutionacquisition 0f0.1 us* was used.

Table 1. PEMWE systenspecifications

Component Specification
Membrane NAFION N117 (71x71mm)
CatalystCoating IrOz and Pt/C
Bi-polar platematerial Titanium
Endplatematerial Stainless steel
Gaskets Silicone
Water pump inlet pressuremn] 40-90

Water emperaturg°C] ~65

Water flow ratgml/s] 5

Gas outlet pressure ambient
Waterconductivity[uS] 0.03
Wateracidity [pH] 6.2
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3 Results

3.1 Internal structure

Figure 2plots themassand porosityof the 20 mm squaresamplesas a function ofaser
energy densityE,)!. As expectedporosityand mass are correlated with tBe lowenergy
densitycauses lack-of-fusion meltpool(see[14]). Mass and porosity data are fitted with a
straight line of which th&’ valueof each is printedThe resultshow that a E, in the range
of 16-17 J/mniresulted in a porosity of 385%, an Eof 12-13 J/mniresulted in a porosity
of 28-40% and an Eof ~10 J/mm resulted in porosity of 461%.
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Fig. 2. Sample nassandporosityas a function of &

Process parametethat achievegorosites above35% (based on the lower threshold
recommended bf#]) were selected to produce fgized platesi.e., the size required fan-
situ PEMWE testing. Specification 6these samplesare tabulated in Table 2 together with
the porosity of thebendhimarkpresssintered PTLplate

Figure 3 depictshigh-magnificationoptical micrographs of thénternalstructureof the
samplestabulated in Table .2Although in-depth quantification is requiredo accuratky
characterise the internphrticlepore structureand planned for futuravork, the following
observations can be mad&ien comparing particlepore sizesndtheir morphologiesThe
particles of the pressintered plates are napherical / irregular and more homogenously
distributed, while the frestanding particles of the-BBF plates are more spherical. The
difference in morphology of the particles can be ascribed to the morphology of the starting
titanium powder feedstockthe L-PBF process useglseroidizd powder, while the sintered
plate was made from crushed/milled powder (i.e., irregular powder). The homogenous
distribution of the pressintered particles is due to the homogenous mixing and isometric
pressing process.

The sizespresssinteredparticles fall in the rangeof 65-120 um with somelarger free
standing particleneasuring-150 um (along their longest axisyhe AM-producedarticles
fall in a comparable size#ange The x-axis particle measurementare restricted to
approximately75-100 um (highlighted by the vertical lines on the micrographhis is
causedy the size of the meltpool formawhen exposed tthe~75um laser spotliameter

 calculated a§X:—Xn, whereP - laser power/— layer thicknessy— scan speed antl- hatch distance.
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The AM-producedparticles are more interconnead in the y-axis (build direction)
compared to the-axisis due to interlayer lasdusion process. The interconnectedness of
the particles is more apparent in thigherE, sample (S1) since the higher energy density
led to a larger number of interlayer fusion compared to the lowsaraples (e.g., S3)The
intermittentlack of inter-layer fusion caused larg@ore sizesalong they-axis while pore
sizes between scan tracks-éxis) arecomparativelysmaller

Table 2. Full-size PTLspecifications

Sample E, [J/mm®] Porosity [%]
Press-sintered | n/a 60
AM_S1 | 12.63 42
AM_S2  10.16 55
AM_S3 | 10.00 61

Fig. 3. Optical micrographs of thimternal structure oPTLS’ xy-planes (a) Pressintered veAM -
produced samplegb) S1, (c) S2, (d) S3/ertical red lines tracmterconnected columnar particles.
Coordinate systeraxis(as defined in Figure 1(b)) is included on the bottom left.

3.2 Surface structure

PTL surfacestructureis a key aspect influencing PEM performanegure4 depictshigh-
resolution optical micrographs tmmpare the PTL surfaa# the (a) presssintered PTLvs
(b, c)AM-produced PTLsDue to the manufacturing method, the prgissered PTL has the
same external and internal pore struct@emparatively, te surface of theAM-produced
PTLs contairfine sintered powdgparticles measing in the range 020-40 um (with some
larger agglomerated particles). This is in the range detdstockpowder diameter used for
the builds.Therefore, theéAM-producedplate has a much fineurfacestructure- a feature
that has been found advantageous in studies of NE&lef5]).
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Fig. 4. Optical micrographs afhexy-plane surfacef, (a) presssintered PTL, (bAM-produced PTL
(c) High-resolutionoptical micrograph ofAM -producedTL surface.

3.3 In-situ PTL performance

Figure 5(a) plots thepolarisationcurves of thePEMWE cell operating withthe PTLs
specified in Table 2Current density was calculated by dividing the measured cuietat
by the surface area of the PTRolarization arves showan improvement inperformance
whenusing theAM -producedPTL platescompared to the presintered plat@sindicated
by the lower voltage curveghieved by the latefhe performance of the thréd-produced
plates achieved similar performance w8 achieving a slightly poorer performance
compared to $and S especially at higher current densiti€sl and S2 achieved near
identical results.

Figure 5(b)plots the transient current density of Adfoduced plate§1 and S2The
transientcurrentresponsef the PEMWEprovides insight into mass transport efficierady
the eletrolyser. A faster rate of current density decreases produced b$3 compared to
S1. This is likely due to aster rate of accessibleaterdepletionat the CCMPTL interface
attributed toa lower water transporefficient. With anincrease in timgast 2 seconds (not
shown) the difference in current density at steadyestaltagebecomes apparenthich is
alsoreflecting the difference imoltagemeasuredt 0.4 A/cniof the polarisation curves.
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Fig. 5. Performance aofhe PEMWE comparing pressintered PTL vs AMproduced PTL, (a)
polarization curveg(b) transient current density vs time of ApModuced PTLs.

4 Conclusion

This paper presents encouraging preliminary findings from our ongoing study into the
feasibility of L-PBFfor fabricating porous titanium PTLs and their performance in PEMWE
cells Our initial resultdndicate that.-PBF was able to produdemm thick titanium plates
with porosity in therecommended range of -30%. The internal structure of th&M vs
presssintered plateshowedparticles of asimilar scale in theange of65-120 pm. Key
differencesare that AM-producedPTL have more spherical but textured particlepore
structurecompared to mirregular, but homogenoysarticlepore structure observed ineth
presssintered PTL.Results of thein-situ tests of the AMproduced PTLs showed an
improved PEMWE performanceompared to commercially available presstered PTL
plates. This improvemens argued to battributed tothe finer surface structuref AM-
produced PTLsandtheir good gadiquid transport properties. Eisepreliminaryfindings
suggest promising potential for this innovative approach to PTL manufacturing
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