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Abstract

Stainless steels are promising materials for fuel cell bipolar plates. It meets high demands for bipolar plates,
good thermal and electrical conductivity, low cost, good mechanical properties. However, corrosion stability in
fuel cell environment is either poor or achieved by passive layer. Passive layer improves corrosion resistance,
but decrease electrical conductivity, respectively increase contact resistance. Coating stainless steel is one
approach, how to obtain suitable material. This study focused on commonly used stainless steel AISI 316L as
reference and two Ta-based coatings, tantalum coating and tantalum coating with upper layer of Ta20s and
RuO:2. All materials were tested in simulated PEMFC environment, diluted sulfuric acid of pH 3 with 1 ppm
fluoride ions at 80 °C. Open circuit potential, linear sweep voltammetry anodic and cathodic dynamic scans
were carried out. Materials were compared only based on short-term electrochemical measurements. Despite
that, tantalum coating perform better corrosion resistance than bare steel, passive layer of tantalum
is non-conductive, thus inappropriate for fuel cells. Tantalum coating with oxide upper layer cannot be
compared based on short-term electrochemical measurements.
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1. INTRODUCTION

Proton exchange membrane fuel cell (PEMFC) is supposed to be an alternative to combustion engines.
Technology of converting chemical energy from reaction between hydrogen and oxygen into electrical energy
has many advantages as low emission, low operating temperatures and relatively high-energy efficiency [1,2].
Disadvantages of PEMFCs are big volume and weight of cell construction, mainly due to bipolar plates. Also
cost of membrane, catalyst and bipolar plates make this technology too expensive for wider use. Parameters
such as volume, weight and acquisition cost must be reduced, especially for automotive industry [3]. PEM fuel
cell consist of bipolar plates (BP) and membrane electron assembly (MEA), which contain gas diffusion layer
(GDL), catalyst, membrane and sealing. Bipolar plates has to fulfil lot of requirements, good electrical and
thermal conductivity, chemical stability, hydrophobicity and others. This multifunctionality is hardly
accomplished. Most of BP are made of graphite, to a lesser extend of graphite-polymer composites [4].
Graphite excel in chemical stability, thermal and electrical conductivity, but suffer for its poor mechanical
properties. Graphite bipolar plates are heavy, bulky, fragile and manufacturing process is difficult and
expensive [4,5]. As a potential alternative for graphite seem promising metallic bipolar plates. As for metals
mostly considered are stainless steel, titanium, nickel, copper, aluminium and their alloys. New material for
bipolar plates should meet parameters given by US Department of Energy (DOE) Table 1 [6], DOE also define
parameters of measurements. Stainless steels seems most promising, especially for portable and automotive
applications. It has great thermal and electrical conductivity, gas impermeability, excellent mechanical
properties and formability [4]. Unfortunately, corrosion resistance in fuel cell environment is main problem of
stainless steels. PEMFC operating conditions are around 80 °C, high humidity and acidic character (pH 2-3).
Corrosion of stainless steel release ions, which block membrane exchange capacity and lower the fuel cell
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performance. Other problem of metallic bipolar plates is interfacial contact resistance (ICR), which goes
against corrosion resistance in most cases [7]. The more corrosion resistant stainless steel, the bigger ICR it
has. ICR is tightly connected with passive layer. Thickness and chemical composition of passive layer influence
ICR significantly. Bare stainless steels seems inadequate based on those parameters. However, proper
coating on stainless steel can solve this [8]. There is more approach to coating, like carbon, carbides, nitrides,
conductive polymers, metallic coatings, noble metals and their multilayer combinations. Coatings can be
prepared by PVD or CVD technology (e.g. magnetron sputtering, ion arc plating) [1,7]. Corrosion resistance
and ICR depends than on quality of coating, which corresponds also with surface condition of steel [9]. Even
there are plenty variations of coating combinations and preparation methods, coatings improve corrosion
resistance and lower ICR in PEMFC environment in general. Nevertheless, coatings are susceptible to
microstructural defects, thus multilayer coatings has lower risk of defect that goes through all layers [10,11].

Table 1 DOE limits for 2020 [6]

Monitored property 2020 Objectives Notes
Cost <3 $-kWt 500,000 80-kWhet Systems per year
Plate weight 0.4 kg-kW-t -

pH 3 0.1ppm HF, 80°C, peak active current
<1x108 A-cm (potentiodynamic test at 0.1 mV-s,

Corrosion rate (anode) <1 pA-cm? -0.4V to +0.6V (Ag vs. AgCl)), de-aerated with Ar purge.

pH 3 0.1ppm HF, 80°C, passive current
<5x108 A-cm (potentiostatic test at +0.6V (Ag vs. AgCl) for

Corrosion rate (cathode) <1 pA-cm? >24h, aerated solution.
Electrical conductivity > 100 S-:cm?
Includes interfacial contact resistance (on as received and
Areal specific resistance < 0.01 ohm-cm? after potentiostatic test) at 138 N-cm™
Flexural strength > 25 MPa ASTM-D 790-10
Forming elongation 40% ASTM E8M-01
Plate H2 permeation coefficient <1.310%cm?3 ASTM D1434, 80 °C, 3 atm, 100 % RH

2. EXPERIMENT

2.1. Tested materials and simulating electrolyte

For this work was chosen stainless steel AISI 316L as reference material and two types of coatings prepared
on this steel to compare. First one is pure tantalum and second is tantalum with upper layer of Ta2.Os and
RuO:. Both coating were prepared by CVD technology. Thickness of the coatings was 20 — 50 ym. Samples
were thin sheet 30 mm x 50 mm. Bare 316L was treated before measurements by grinding paper P1200,
rinsed with water, ethanol and dried. Coated samples were only washed and dried.

Table 2 Main alloying elements of stainless steel 316L

Element (wt. %) C Cr Ni Mo Mn

AIS| 316L <0.03 16-18 10-12 2-25 <2

For each set of measurements was prepared fresh solution simulating PEMFC environment. Solution was
prepared by mixing 1 ml of 0.01% hydrofluoric acid and distilled water to 1 I. Then was modified the pH of the
solution to value of 3 by using 1 mol-I* sulfuric acid.
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2.2. Electrochemical measurement

Measurements were done in corrosion cell with lateral sample deposition. Solution was heated to 80 °C using
thermostat. Experiment was set up for 3-electrode arrangement, using saturated argent-chloride reference
electrode, platinum wire as counter electrode and sample as working electrode. This arrangement was used
for all electrochemical measurements, open circuit potential, polarization resistance, cathodic and anodic
polarizations. Experiments were carried out on Zahner Zennium electrochemical workstation and repeated at
least twice to eliminate errors and ensure reproducibility of the experiment. Data were than evaluated in Thales
XT Analysis. Solution simulating PEMFC environment was used only once for a sequence of measurements,
consisting of open circuit potential, followed by polarization resistance and dynamic scan (cathodic or anodic).
Open circuit potential was measured for 3600 s. Immediately followed by polarization resistance ranged from
-25 mV vs. OCP to +25 mV vs. OCP with scan rate of 0.1 mV-s'1. Cathodic dynamic scan set up ranged from
+100mV vs. OCP to -2 V vs. ACLE, anodic part ranged from -100 mV vs. OCP to +2 V vs. ACLE with
5 mV-st scan rate. During all measurements was the solution deaerated using nitrogen.

3. RESULTS AND DISCUSION

Before experiment metallographic cross-sections of both coatings were pictured by SEM (Tescan Vega 3).
Figure 1 shows different thickness, bare tantalum coating has 40-50 micrometers, tantalum with oxide upper
layer around 20-25 micrometers. Both layers are uniform and defect-free, despite that surface of bare tantalum
iSs more rugged.

Figure 1 Cross-section of coatings, tantalum (left) and tantalum with Ta20s and RuO2 upper
layer (right)

After electrochemical measurements in simulated PEMFC solution, corrosion indicators were evaluated using
Thales XT Analysis. Figure 2 shows anodic parts of polarization, bare steel corrode in passive state, same as
tantalum coated steel. Curve of tantalum coating with oxide upper layer does not reflect corrosion reaction of
the coating, but chemical reaction of the solution. Cathodic parts at (Figure 3) show reduction of residual
oxygen and hydrogen depolarization. Curves were fitted and all data are summarized in Table 3.
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Figure 2 Anodic polarizations in diluted H2SO4 (pH 3, 1 ppm HF, 80 °C, deaerated by N2) range
-100 mV vs. OCP to +2 V vs. ACLE with scan rate 5mV-s
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Figure 3 Cathodic polarizations in diluted H2SO4 (pH 3, 1 ppm HF, 80 °C, deaerated by N2) range
-100 mV vs. OCP to +2 V vs. ACLE with scan rate 5mV-s?

Comparing 316L and tantalum coated 316L the coating improves corrosion parameters. Higher polarization
resistance and lower corrosion current density result in lower corrosion rates. Anodic Tafel slope also indicates
better passive behavior of tantalum coating. The part of curve at (Figure 2) from 0.5 to 2 V vs. ACLE indicates
non-conductive layer, which would not have to be beneficial for fuel cells.
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Table 3 Electrochemical parameters of 316L and Ta-based coatings

Material Rp(Q'm?) (mV vEsc.o,rBr\CLE) MA-cm? | uA-cm? | Ba(MmV/decade) | Bc (mV/decade)
316L 13.1 -159 0.482 0.245 237 -251
316L+Ta 26.0 -313 0.054 0.034 328 -238
316LTa+Ta20s+ RuO:2 0.6 348 2.200 3.983 511 -571

4. CONCLUSION

This study compares stainless steel 316L and two Ta-based coatings, bare tantalum and tantalum with oxide
upper layer in simulated PEMFC environment. Simulating solution is diluted sulfuric acid with pH 3 and 1 ppm
of fluoride ions at 80 °C. Tantalum coating seems not suitable for fuel cells, it is corrosive resistant, but its
passive layer is non-conductive. Tantalum coating with oxide upper layer is interesting, high electrochemical
activity of electrolyte, oxygen and hydrogen is expected due to conductive, corrosion resistant RuO.. Its
properties and behaving cannot be assessed based on those short-term measurements. Contact resistance
measurements, long-term exposure along with leachate analysis have to be done.
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