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Abstract: Proton-exchange membrane fuel cells (PEMFCs) are currently widely investigated for the development of space power
systems for future deep-space exploration and lunar research stations in China. Key technological research pertaining to PEMFCs for
space applications must be conducted urgently. The bipolar plate, which is the core component of PEMFCs, significantly affects the
weight and cost of the battery stack. Titanium is the preferred metal-plate material for lightweight space fuel-cells owing to its low
density (only 0.6 times that of stainless steel) and high specific strength. However, they are susceptible to corrosion when used in
weak acidic environments for long durations. To improve the corrosion resistance of titanium bipolar plates, a Ti / TiN composite
coating composed of a Ti transition layer and a TiN surface layer is prepared on the surface of titanium via multi-arc ion plating
technology, which is a physical vapor deposition technique. The effects of preparation process parameters such as the substrate

temperature and arc current on the microstructure and mechanical / electrochemical properties of the Ti / TiN composite coating are
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investigated. The cathode sputtering target material is imported titanium metal (purity=99.995%), the sputtering gas is high-purity
argon (purity=99.99%), and the reaction gas is high-purity nitrogen (purity=99.99%). The sheet of titanium was sequentially sonicated
in acetone, anhydrous ethanol, and deionized water for 15 minutes to remove oil stains and attachments on the surface of the sample.
Then, nitrogen flow was used to blow dry the surface moisture of the sample to ensure that there were no residual water stains on the
surface. After that, the sample was placed in a drying dish for later use. When the vacuum degree of the equipment is better than
5.0 mPa, perform ion source cleaning to remove the oxide layer on the surface of the Ti substrate and activate the surface of the Ti
substrate. When preparing the Ti transition layer on the titanium metal substrate, the target substrate distance is set to 23 cm, the arc
current is 70 A, the substrate temperature is 150 °C, and the deposition time is 10 min. When preparing TiN layers on the Ti transition
layer, two different substrate temperatures (150, 230 “C) and arc currents (50, 120 A) are selected. A field-emission scanning electron
microscope (Carl Zeiss AG Corporation) is used to analyze the micromorphology of the Ti / TiN composite coating. An X-ray
diffractometer (Rigaku Corporation) is used to analyze the phase composition of the coating. A nanoindentation instrument (Anton
Paar) is used to evaluate the mechanical properties of the coating. The indentation depth is controlled to be less than 10% of the
thickness of the Ti / TiN composite coating. During testing, the maximum load is increased linearly to 5 mN at a loading and
unloading rate of 10 mN / min. A TalySurf CCI Lite optical interferometric surface profilometer (Taylor Hobson) is used to test the
surface roughness and thickness of the Ti / TiN composite coating. An electrochemical workstation is used to evaluate the corrosion
resistance of the coating under a simulated operating environment of a PEMFC cathode. The results show that the Ti / TiN composite
coating prepared under a substrate temperature of 150 °‘C and an arc current of 50 A offers the best surface quality, the lowest surface
roughness, and the lowest corrosion current density. The Ti / TiN composite coating with optimized preparation process parameters
exhibits excellent surface quality and high corrosion resistance, with a corrosion current density of 6.383 pA / cm? (i.e., 0.6 times the
corrosion current density of titanium). Furthermore, the Ti / TiN composite coating significantly improves the corrosion resistance of
titanium. This study provides technical support for the surface modification of metal bipolar plates used in space fuel-cells.
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Table2 Deposition parametersof the TiN coating

Sample Bias voltage / V Flow of N, / (mL / min) Arc current / A Substrate temperature / C Deposition time / min
TiN-150 C -50 650 70 150 25
TiN-230 C -50 650 70 230 25
TiN-50 A -50 650 50 150 25
TiN-120 A -50 650 120 150 25
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Fig. 4 Surface morphology of Ti / TiN composite coatings deposited at different substrate temperature and particle size distribution
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Table3 Electrochemical parameters obtained from potentiodynamic polarization curves of
bareTi and theTi / TiN composite coating
Sample name Ecorr v Leorr / (HA/ sz) ﬁanode ﬁcalhode Rp / (kQ * sz) P; /%
Ti 0.048 10.360 16.207 -14.707 323.16 -
TiN-150 C 0.138 6.462 13.644 —14.528 472.79 37.63
TiN-230 C 0.123 7.316 13.180 -14.604 411.73 29.38
TiN-50 A 0.115 6.383 14.087 —-14.305 482.83 38.39
TiN-120 A 0.135 8.961 15.791 —19.510 422.89 13.51

Where E., is corrosion potential, /., is corrosion current densit, fBanode is slope of anode Tafel curve, fcanode is slope of cathode Tafel curve, R), is polarization

resistance, P; is protection efficiency.
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Fig. 10 Nyquist diagram of substrate and coating
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Table4 EISfitted resultsfor thebareTi and Ti/ TiN coating sample

Sample R/ (Q + cm?) Cooat/ (107°F / cm?) Rpore / (2 * cm?) Ca/ (10°F / em?) R/ (Q + cm?)
Bare Ti 1.280 - - 38.84 958.1
TiN-150 C 1.399 11.210 11.270 35.95 2275.0
TiN-230 C 1.373 9.268 3.091 35.09 2194.0
TiN-50 A 1.526 4383 1.250 34.12 2345.0
TiN-120 A 1.278 11.810 4.653 48.08 1132.0

Where R; is solution resistance, C.. is capacitance of the coating, R, is pore resistance, Cy is capacitance of the double layer, R is charge transfer
s €0 > {\pore d cf

resistance of coating / substrate interface.

(D FHZ IS FHEEARLESE Ti L1 )
%7 Ti/ TN E&RZE. ZIE FHHI& T 2H
FEJIR FE X IR 2 R P R RBURL I R ~F ek
THAHRE FE A BOR M . BUREERIRE (150 °C) il
FINRIZRIMBCE, RIHBEE N, KPR 5R
~foA 1.51 pm.

(2) LY FHEH & L2 B B 2
FM R R RIIORL  R ~F B R T REDRES P A e K
R, R EITIIIAR (50 A) Hil& KR E RIS,
RMEHRERE /N, RBRE RS 1.39 pm.

(3) H Tafel HiZk3RAGH UM Ti/ TIN H51R=
(1) Leore $51/NT-42 )8 Ti 1) Leows Ti/ TIN B 5321 LA

X4 JE T RS R RyER . &8 T &0
F Ti / TIN & 542 1) Nyquist 2] 30 H A7)
RPUIFFAE, DUANR Z R BB R KT 4
J& Ti MZPUICERE, FFERY Ti/ TIN 5%
PR S48 Ti BT o

(4 BRI S R ERE RV, B
RILREE (150 C) KBARHINIGR (50 A) %
PE R4 Ti/ TIN EERE Lo /D, TifpMELF, H
F B R PR BRI IR T . H IR 21 Nkl & 1
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