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Electrochemical corrosion investigations on metal doped  analysis to record the surface modification of the
a-C:H coatings for bipolar plates in redox-flow batteries specimens during eleochemical loading.
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A contributing factor regarding the volumetric power §
density of a redox flow battery stack is the development T B4
of thin and cost reduced bipolar plates. One promising S i %
approach is the use of coated metals as bipolar plate 5 1E-5; if% " boron doped diamond
material. Metals offer adgate mechanical stability s ' !S --------- graphite composite
whereas the coating shouldaimeet the electrochemical 1E'§1'0 o5 00 05 10 15 20 25
requirements. These reqelinents are low corrosion
currents in the acidic media as well as high overpotential potenial / V vs. NHE

against hydrogen and oxygen evolution. A boron doped Figu.re 1:Potentim']ynamic_measuren‘lents_ofdifferentza-C:H:Me
diamond coating deposited by chemical vapor deposition coatings on 1.4301; dU/dE=5 mV/s, lins:] = 500 pA/em
exhibits extraordinary corrosion behavior and high 907 3umTioLc
overpotential for hydrogen and oxygen evolution. But 80 Mmoo
their use as bipolar plate material is limited by the use of 70

expensive niobium as substanaterial. Therefore metal 60
doped a-C:H coatings are regarded as promising 50
alternatives. The metal dopants are necessary to achieve 0
high conductivities in the order of ~ 100 S/cm [1] in other
respects to the low-conductive a-C:H coating. Elements
such as titanium, tungsten, chromium or vanadium are
investigated as suitable dopants. For the corrosion
measurements all a-C:H:Meating samples were treated
after the following procedurePrior to the measurement
the samples were cleaned with isopropanol, rinsed with
deionized water and dried in an air stream. The
electrochemical tests of each sample starts with cathodic Figure 2: Cyclovoltammogram of a-C:H:Ti of different thicknesses
polarization for 5 min. Afterwards the OCV is taken for on TiAl6V4 substrate in 2 M H;SO,; dU/dt = 10 mV/s

30 min until it reaches steady state. A 3-electrode
corrosion cell filled with 100 ml 2 M 80, provides the
test environment for the material specimen. For the
potentiodynamic measuremergeen in figure 1 the
potential is varied with a sweep rate of 5 mV/s from OCV
in cathodic direction until -50QA/cm2 is reached. Then
the voltage is swept in anodic direction until a current of
500 pA/cmz and back in cathodic direction until -300 mV
vs. OCV. For the comparison of different materials only
the middle part of the curregraph of the potential sweep
is taken into account. Thetability of the coating is
analyzed by 200 cycles (seguie 2) in potential range of j
'0'6_ Vvs. NHE and ;]"4 V vs. NHE. . . Figure 3: SECM investigation on 1000 pm? of a 3 pm a-C:H:Ti

As it can be seen in figure 1 chromium, vanadium and coating on 1.4301, time: 1200 s; 10 mM KI and 100 mM KCI,
tungsten doped coatings show lower corrosion current for — ¢=-0,2V vs. NHE;

a wide potential range on the anodic branch of the graph R.esults Published with the courtesy of Uniscan Instruments Ltd and
compared to the titanium dogh®LC coating. Regarding Bio-Logic SAS

the hydrogen evolution patgal the titanium doped DLC

film possess the highest overpotentials of all tested
coatings (see figure 1).

One of the major problems of coatings, used to protect
metals in harsh environments are defects. These defects
can be formed during the deposition process or can result
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defects which result from the PVD coating process. The

electrochemical characteriian of the coatings is

accompanied by microscopic analysis and drop shape



