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Table 1  Texture coefficients of as-deposited coating on

Ti-6Al1-4V alloy

Crystal plane  (111) (200) (220) (311) (222)

T(hkl) 2.8 0.36 0.4 0.36 0.97
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Fig.4 Potentiodynamic polarization curves of ZrC nanocrystalline
coating and Ti-6A1-4V in simulated polymer electrolyte
membrane fuel cells environment: (a) anode (H.) and
(b) cathode (O2)
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Fig.5 Potentiostatic polarization curves of ZrC nanocrystalline
coating and Ti-6A1-4V in simulated polymer electrolyte
membrane fuel cells environment: (a) anode (H,) and
(b) cathode (O,)
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Table 2 Electrochemical parameters derived from electrochemical impedance spectra measurement for Ti-6A1-4V alloy

Ry/Q-cm? Qui/<107*Q* 5" em™ N
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Table 3 Electrochemical parameters derived from electrochemical impedance spectrameasurement for ZrC nanocrystalline

RyQ-cm? Qu/x107Q " &" ¢m™ n Cy/uF-cm? Rp/><107Q-cm? s 221107
18.0240.052 2.47640.28 0.939140.025 0.11 9.05140.03 10.27 2.741
Fig.10 XPS survey spectra of passive films of 2zrC
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Properties of ZrC Nanocrystalline Coating on Ti Alloy Bipolar Plates in Simulated
PEMFC Environments

Qian Yang, Xu Jiang
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To improve the corrosion resistance and interfacial contact resistance (ICR) in polymer electrolyte membrane fuel cells (PEMFC)
environment, ZrC nanocrystalline coating was fabricated on Ti-6A1-4V substrate by a double cathode glow discharge technique. The
microstructure of the as-prepared ZrC coating was characterized by X-ray diffraction (XRD), scanning electron microscope (SEM) and
transmission electron microscopy (TEM). Results show that the microstructure of the ZrC coating is continuous and compact, consisting of
deposited layer and diffusion layer. The 10 um thick deposited layer is composed of equiaxed grains with an average grain size of ~12 nm,
whereas the 4 um thick diffusion layer with the gradient distribution of alloying elements offers a smooth transition of mechanical
properties, which is suitable to improve the adhesion strength of the ZrC coating on the Ti-6A1-4V substrate. The electrochemical behavior
of ZrC nanocrystalline coating was evaluated in the simulated PEMFC anodic and cathodic environments. The Ecor Of the as-deposited ZrC
nanocrystalline coating is obviously higher than that of Ti-6A1-4V alloy in a simulated PEMFC environment. At applied cathode (+0.6 V)
potential for PEMFC, ZrC nanocrystalline coating is in passive region, and the passive current density is four orders of magnitude lower
than that of Ti-6A1-4V alloy. At applied anode (=0.1 V) potential, ZrC nanocrystalline coating exhibits the characteristic of cathodic
protection. The results of EIS show that the values of capacitance semicircle, phase angle maximum as well as the frequency range with the
phase angle near —80 ° are larger than those of Ti-6A1-4V alloy in the simulated PEMFC environment. Moreover, ZrC nanocrystalline
coating can effectively improve conductivity and hydrophobic nature of Ti-6A1-4V alloy bipolar plate.

Key words: polymer electrolyte membrane fuel cell (PEMFC); bipolar plates; ZrC nanocrystalline coating; Ti-6Al-4V alloy; corrosion

resistance; interfacial contact resistance (ICR)
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