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Investigating corrosion properties and contactresistance of current
collector plates with three-layer TiN/TiN-TiCN/TiN coating for use in

proton exchange membrane fuel cells
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According to the desired properties, copper and austenitic stainless steel can
Abstract . . . .
be suitable options for the material of current collector plates in fuel cells.

Different coatings are used to increase the corrosion resistance and reduce the contact
resistance in the flow collector plates of the proton exchange membrane fuel cell. In this
research, current collector plates with a three-layer coating of TiN/TiN-TiCN/TiN were
developed on copper and stainless steel substrates with different thicknesses, and their
corrosion resistance, contact resistance, and surface properties were compared with gold
coating. took Corrosion resistance of applied coatings was checked using TOEFL test. In order
to check the contact resistance of coated and uncoated samples, surface contact resistance (ICR)
test was used. The surface morphology of the samples was also examined using a scanning
electron microscope. The obtained results showed that the three-layer coating of
TiN/TiN-TiCN/TiN on the surface of stainless steel increases the corrosion resistance from
the corrosion current density of 5.28 to 0.27 microamps/cm2. The ICR test showed that the
contact resistance of the three-layer TiN/TiN-TiCN/TiN coating at a contact pressure of
1.4 MPa was equal to 27.26 milliohms per square centimeter, which is much lower than
that of uncoated steel, which is 52.35 milliohms per square centimeter. Therefore, this
type of coating will be a suitable option for fuel cell use due to its high corrosion
resistance and low contact resistance.
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Tablel. Chemical composition of uncoated stainless steel sample for corrosion teste.

Fe P S Cr Mo

Ni Cu Mn Si C

Bal 0/026 | 0/004 17/5 2

9/8 0/4 1/85 0/33 0/026

(a)an

() come 2303 () (gl Camglio cyg0] plosil g by g wiges ¥ JSWS
OFS) Y5 diges
Figure2. Uncoated sample to perform the contact resistance test;

(a) copper sample (b) stainless steel sample.
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Figurel. Uncoated sample for corrosion test; (a) copper sample (b)

stainless steel sample.
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Figure3. Tafel and chronoamperometry corrosion test setup.
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Figured4. Contact resistance test laboratory setup.
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Figure5. Schematic of ontact resistance test setup.
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Figure6. FESEM image of (a) gold-coated steel sample, (b) gold-coated copper sample.
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Figure7. FESEM image of sample a) stainless steel coated with TiN/TiN-TiCN/TiN three-layer coating
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b) copper sample coated with TiN/TiN-TiCN/TiN three-layer coating.
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Figure8. Polarity diagram of different coated samples.
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Table2. Polarization diagram results of different coated samples.

Sample Corrosion current density (nA.cm™?) Corrositzl‘l];mtential
uncoated Cu 355/84 -0/0127
uncoated stainless steel 5/28 0/0747
Au coated Cu 3/78 0/0638
Au coated stainless steel 2/19 0/1674
TiN coated Cu 1/3 0/0783
TiN coated stainless steel 0/27 -0/2390
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Figurel0. Contact resistance of different coated samples.
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Table3. Contact resistance between copper and stainless steel samples coated with Au and TiN/TiN-TiCN/TiN. <
Contact resistance In contact pressure In contact pressure '3)
(mQ.cm?) (0.6 MPa) (1.4 MPa) '3,‘,
uncoated Cu 94/31 49/46 31
uncoated stainless steel 120/34 52/35 Z
Au coated Cu 34/42 22/74 %

Au coated stainless steel 31/3 18/98 %
TiN coated Cu 47/63 28/21 ET

TiN coated stainless steel 48/21 27/26 ;/
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