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CORROSION TESTING OF STAINLESS STEEL FUEL CELL HARDWARE

. C. Zawodzinski, M. S. Wilson, and S. Gottesfeld
Materials Science and Technology Division, M. S. D429
Los Alamos National Laboratory, Los Alamos, NM 87545

Metal hardware is gaining increasing interest in polymer electrolyte fuel cell (PEFC) development
as a possible alternative to machined graphite hardware because of its potential for low-cost
manufacturing combined with its intrinsic high conductivity, minimal permeability and
advantageous mechanical properties. A major barrier to more widespread use of metal hardware has
been the susceptibility of various metals to corrosion.

Few pure metals can withstand the relatively aggressive environment of a fuel cell and thus the
choices for hardware are quite limited. Precious metals such. as platinum or gold are prohibitively
expensive and so tend to be utilized as coatings on inexpensive substrates such as aluminum or
stainless steel. The main challenge with coatings has been to achieve pin-hole free surfaces that
will remain so after years of use. Titanium has been used to some extent and though it is very
corrosion-resistant, it is also relatively expensive and often still requires some manner of surface
coating to prevent the formation of a poorly conducting oxide layer.

In contrast, metal alloys may hold promise as potentially low-cost, corrosion-resistant materials
for bipolar plates. The dozens of commercially available stainless steel and nickel based alloys
have been specifically formulated to offer a particular advantage depending upon their application.
In the case of austenitic stainless steels, for example, 316 SS contains molybdenum and a higher
chromium content than its more common counterpart, 304 SS, that makes it more noble and
increases its corrosion resistance. Likewise, 316L SS contains less carbon than 316 SS to make it
easier to weld. A number of promising corrosion-resistant, highly noble alloys such as
Hastelloy™ or Duplex™ (a stainless steel developed for seawater service) are available
commercially, but are expensive and difficult to obtain in various forms (i.e. wire screen, foil, etc.)
or in small amounts for R&D purposes.

Uncoated stainless steel, which is relatively inexpensive and readily available in numerous forms,
has not been widely investigated as a bipolar plate material because of concerns about corrosion in
the fuel cell environment. However, we and others (1) have found that 316 SS can exhibit
adequate corrosion-resistance in a PEFC environment and potentially may be the basis for low-cost
stack hardware. This paper will describe various types of tests that were conducted on our 316 SS
hardware (the components of which were not pretreated beyond degreasing) in order to assess its
corrosion resistance under a variety of relevant conditions. Figure 1 depicts our hardware
configuration, which has been described in detail elsewhere (2).
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Figure 1: LANL 100 cm? active area 316 SS foil/screen hardware.
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This hardware has been successfully demonstrated in a 2000 h life-test of a single PEFC operating
on pressurized and humidified H,/air (3) and more recently has been implemented in short stacks of
2-4 cells (2). In the 2000 h life-test, the fuel cell was operated continuously at 0.5 V and its
performance over the time period was monitored through polarization curves and high frequency
resistance (HFR) measurements. If the metal hardware was corroding , it would be expected that
the HFR would increase over time due to metal ion uptake by the membrane, accompanied by a
corresponding loss in cell performance. For about the first 1700 hours, the cell maintained a
power density output of 0.45-0.5 W/cm?, after which it exhibited some loss in performance due to
problems associated with flooding in one of the hardware components, the design of which has
since been corrected. The HFR remained steady over the entire 2000 hour period, with only minor
fluctuations which were probably a direct result of water management within the cell. Overall, the
cell performed very well, and upon taking it apart, no visual evidence of corrosion of the hardware
was observed.

Chemical analysis tests were carried out on the cell water and membrane/electrode assembly
(MEA). Water was collected from the cell outlets of the 2000 h cell and from a short stack. The
water was analyzed by ICP-MS and ICP-ES for metals such as Ni, Cr, Mo, and Fe. Table 1
shows the data obtained from the 2000 h test cell and a 4-cell stack.

Table 1: Comparison of inlet and outlet water for 2000 h life-test cell and 4-cell stack based on
316 SS metal hardware components.

Sample Ni (ppm) Cr (ppm) Mo (ppm) Fe (ppm)
Cathode inlet H,O 0.190 + 0.030 | < 0.005 < 0.005 < 0.040
from test station
Cathode outlet H,O | 0.011 + 0.005 | < 0.005 < 0.005 < 0.040
from 2000 h cell
Cathode outlet H,O | 0.035 + 0.009 | 0.050 + 0.020 | 0.007 + 0.005 | 0.740 + 0.07
from 4-cell stack
Anode inlet H,0 0.220 + 0.030 | < 0.005 0.006 + 0.005 | < 0.040
from test station
Anode outlet H,O 0.034 + 0.005 | 0.007 + 0.005 | 0.008 + 0.005 | 0.180 + 0.04
from 4-cell stack

We discovered that the deionized inlet water contained appreciable amounts of nickel. The source
of the Ni was most likely contamination of the water as it traveled through extensive plumbing
lines. This was readily observed when a demineralizer cartridge that changes color when saturated
was added to the water line and began to change color within days of use. We then substituted 18
MQ water collected directly from the DI tap to bypass the piping. However, the fuel cell test
stations, which contain humidifier bottles made of 304 SS, could also be a potential source of
contamination. Thus, Mo concentrations of the outlet water are of prime interest because Mo is
unique to 316 SS. The data show that essentially no Mo was detected in either the 2000 h cell
water or the stack water. The 2000 h cell water was essentially metal-ion free, while water from
the 4-cell stack did show some elevated levels of Fe and Cr. This may be an indicator of possible
corrosion due to shunt currents in the manifold regions of the cell. Corrosion can occur in these
areas when water ionically shorts across several cells. At the single cell level, as in the 2000 h
cell, this effect is minimized, but in a stack it is exacerbated due to the higher voltages involved.

Despite such possible difficulties, the metals concentrations in the effluents were either quite low
or at the detection limit. A primary concern with even low levels of metal ions is uptake by the
membrane where it can have an adverse effect on membrane conductivity. Initially, the MEAs
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from these cells were analyzed by EDAX and found to contain no metals such as Cr or Mo.
However, for trace analysis, EDAX provides mainly qualitative data and can not differentiate Ni and
Fe from the background of the instrument’s stainless steel components. For this reason, the
MEAs also were analyzed by XRF spectroscopy, a much more sensitive technique. Trace
amounts of Ni, Mn, and Cr, as well as somewhat higher levels of Fe were detected, but Mo was
not present. Some Ca and Zn that may have come from the cell water supply was also found in
the stack MEA. While detectable amounts of these metals found their way to the MEA, we still
need to quantify the uptake rate and its effect to more fully understand the ramifications.

To further assess the corrosion resistance of 316 SS, two types of tests were conducted under
conditions harsher than would be expected in a typical PEFC environment. In the first test, pieces
of 316 SS foil (0.002” thick, 1 in?each, 4 foils per sample bottle) were immersed in solutions of
water or dilute sulfuric acid of varying acidity (pH 2 - 5) for 500 hours. The solutions were
maintained at 80°C by means of a water bath and were continuously sparged with either hydrogen
or air, At the end of the test period, the metal samples were dried and weighed, and the solutions
were analyzed by ICP-MS and ICP-ES for the presence of Ni, Cr, Mo, and Fe.

The corrosion rates of the metal, determined based on weight loss of the samples, were
consistently <0.34 p/yr, regardless of the nature of the test solution or sparge gas. However, the
ICP analyses indicated a strong relationship between the amount of metals in solution and the pH.
Figures 2 and 3 show metals content versus pH for the hydrogen-sparged solutions and air-sparged
solutions, respectively.
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Figure 2: Metal ion concentration versus pH of test solution for H,-sparged samples.
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Figure 3: Metal ion concentration versus pH of test solution for air-sparged samples.
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The data clearly show that as the pH of the test solution was decreased, the concentrations of
metals found in solution significantly increased. Additionally, the data show some dependence on
the sparge gas as well. Though the pH appears to be the predominant factor influencing corrosion
of the metal, the presence of hydrogen contributes to the process. This is perhaps best illustrated
by the chromium and molybdenum data. In the air-sparged samples, Cr remains undetected above
pH 3, while Mo is virtually non-existent at all pHs. In the hydrogen-sparged samples, however,
Cr appears at pH 5 and both Cr and Mo are clearly detected at pH 2 in much higher concentrations
than in the air-sparged samples. Overall, these data suggest that if the pH of the water within in
the fuel cell can be maintained above pH 5, 316 SS based metal hardware should not significantly
corrode. Water samples from our cells previously discussed were all in the range of pH 6 - 7.

Another test that we conducted involved continuously holding a single cell at open-circuit voltage
(0.94 V) for 120 hours. In this case, the cell intentionally was assembled without gas diffusion
backings so that the perforated foil (Figure 1) of the metal hardware directly contacted the
membrane. Additionally, the membrane (Nafion™ 112) was left uncatalyzed to maximize metal to
membrane contact. Other operating conditions were as described for regular cell testing. At the
end of the test period, the cell was taken apart and examined. Though the hardware itself appeared
the same except for a bit of light gold discoloration in a few spots, the membrane was
significantly discolored. The EDAX analysis showed the presence of copper, which could have
leached from gold-coated copper current collector plates or from unprotected manifold regions of the
irridized aluminum alloy endplates employed. Though the EDAX analysis showed no traces of
other metals, XRF analysis did detect the presence of other metals that are common to stainless
steel. In a properly designed fuel cell, where stainless steel parts do not contact the membrane,
this effect should be minimized.

In general, we have found that 316 SS can be corrosion-resistant under the normal operating
conditions of a PEFC if a number of conditions are satisfied. The most influential factor appears
to be the pH of the cell water. Maintaining it above pH 5, by avoiding any sources of acidity,
appears to suppress corrosion. Additionally, direct metal contact with the membrane must be
avoided. Because of this, we use polysulfone frames to avoid metal-to-membrane contact in the
non-active areas of the cell. In the active area, the carbon cloth backings are cut slightly larger
than the perforated foils and screens to prevent contact along the edges. Lastly, the presence and
effect of shunt currents, particularly in large-scale stacks, is a potential problem that must be
minimized by appropriate design if full-scale implementation of SS hardware is to be successfully
realized.
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