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Effect of Service Environment of Proton Exchange Membrane
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Abstract In this study, TAl was selected as the experimental material to investigate the impacts of operating
environment (temperatures, pH, gas atmospheres) and operating conditions (potentials and test duration) on its
corrosion behavior using the techniques such as potentiodynamic, potentiostatic, electrochemical impedance
spectroscopy (EIS) , and working conditions tests. The surface morphology and properties of the TA1 under different
durations of working condition test were analyzed by optical microscopy (OM), energy dispersive X-ray spectroscopy
(EDX) , X-ray photoelectron spectroscopy (XPS) , interfacial contact resistance (ICR) , contact angle, and surface
roughness measurement techniques. The results show that the operating environment and operating conditions all
impact the corrosion resistance of TA1. After working conditions tests of 10 h, the accumulated oxide layer on the
surface of TA1 improves its corrosion resistance, decreasing corrosion current density from 2.62 pA/cm’® to
0.94 wA/em®. Whereas the conductivity and hydrophobicity of TA1 are significantly reduced, as evidenced by the

increase in interfacial contact resistance (ICR) value from 31.75 mQ -cm? to 333.17 m{) *cm® compared to
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commercially available carbon paper and the decrease in contact angle from 86.28" to 68.04°.

Keywords Proton exchange membrane fuel cell; Titanium; Metal bipolar plate; Corrosion
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Fig.1 Effects of pH and gas atmospheres on Tafel curves of TA1 under different temperatures
(A) 70 "C(A); (B) 80 “C; (€)90 °C.
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Table 1 Results of pH and gas atmospheres on Tafel curves of TA1 under different temperatures

Temperature/’C. pH value  Gas E. IV I, /(pA-cm™) Temperature/’C~ pH value  Gas E /N I /(pA-em?)
70 1 Ar -0.198 1.54 80 1 0, -0.073 4.29
3 Ar -0.097 0.54 3 0, 0.019 2.64
1 0, -0.042 3.35 90 1 Ar -0.210 1.95
3 0, 0.054 2.62 3 Ar -0.116 1.28
80 1 Ar -0.206 2.36 1 0, -0.085 4.07
3 Ar -0.102 0.74 3 0, -0.003 3.04
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0: + 4H* + 4~ —> 2H,0 (2)
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Fig. 2 Effects of temperatures and gas atmospheres on Tafel curves of TA1 under pH=1(A) and 3(B)

Table 2 Results of temperatures and gas atmospheres on Tafel curves of TA1 under different pH values

pH value Temperature/’C  Gas E. IV [, /(pA-cm™) pHvalue  Temperature/’C  Gas E. IV I, /(A= cm™?)
1 70 Ar -0.198 1.54 3 70 Ar -0.097 0.54
80 Ar -0.206 2.35 80 Ar -0.102 0.74
90 Ar -0.210 1.95 90 Ar -0.116 1.28
70 0, -0.042 3.35 70 0, 0.054 2.62
80 0, -0.073 4.29 80 0, 0.019 2.64
90 0, -0.085 4.07 90 0, -0.003 3.64
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Fig. 3 I-t curves(A) and Nyquist plots and equivalent circuit(inset)(B) of TA1

Pre: before the test; post: after the test. Operation environment: pH=3, 70 ‘C.
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IR R R RN C,, 4350 TAT FEbr R BRI BRI 0. BLA e B h & o S8
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Table 3 Results of EIS of TA1 under different potentials”

Potential/V (vs. Ag/AgCl) R/(Q+em?) 10'° C})/(F’timiz) Rl‘/(ﬂ-cmz) n R /(Q-cm?)
-0.1(pre) 357.57 2.598 1537.50 0.946 78611.25
—0.1(post) 74.21 2.483 1470.00 0.892 63395.00

0.6(pre) 252.88 3.522 1217.50 0.899 22602.50
0.6(post) 62.59 2.715 1365.00 0.880 14803.75
1.0(pre) 237.63 3.579 1108.25 0.900 25988.75
1.0(post) 6.25 2.499 1321.25 0.893 17640.00
1.4(pre) 216.75 2.454 1968.75 0.894 23663.75
1.4(post) 82.69 2422 1847.50 0.880 18186.25

* Pre: before the test; post: after the test.
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MBI IRZ4E, I L ERBUR PR, PT LARC I H AR 3 TAT SE4F , (AANREEHEE AN EL, T3 R I
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Fig. 4 Tafel curves(A) and Nyquist plots(B) of TA1 under different test duration
Operation environment: pH=3, 70 ‘C, O, bubbled.
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Table 4 Results of EIS of TA1 under different test duration

Duration/h R/(Q-em?) IOIOCP/(F- em?) Rp/(Q-cmz) n R /(Q-cm?)
2(pre) 265.38 3.643 981.63 0.895 24020.00
2(post) 27.15 2.875 1082.25 0.882 15617.50
4(pre) 205.00 3.651 1056.63 0.891 21075.00
4(post) 116.25 3.002 1587.50 0.861 17267.50
6(pre) 236.50 3.082 1297.50 0.906 29443.75
6(post) 129.88 2.915 1436.25 0.868 22193.75
8(pre) 208.75 3.189 1049.75 0.894 23443.75
8(post) 119.00 3.722 952.00 0.867 29462.50
10(pre) 284.13 2.822 1106.38 0.891 20160.00
10(post) 191.38 3.505 1014.38 0.869 51011.25

fift it 7% .

23 #HITREREHEL

23.1 Xk@EHHE TAVSEMRATE | EA0)Z 5 R AR EDHDRE B A A8 A e A i A IR K
Wi, AN [ B AL T 0035 TAL R TRITE A0 | 2060 3 TADRELRS 182 43 S an 1 5 Fn e 5 B . Bl S T
AL, TR TAL M i E 2R B @, AL B AR 5(A) T5 S IERHE Ry 2~4 Wi, Feif F 5
BHAHSM & aME LA SB)FC) |; EEH 6~10 h i), FRiE FE2BNAE S
SB[ 5(D)~(F) ], XM TR EIRE R AR BEE, 38 bl SR EZ S 5 , 1 o5 —3F
MR B Z A A R F RS, W O R AR T 0 A P A el 22 i 2 9 HH AN TRl A e . ARl
Karambakhsh 552 i} 5315 21 (1) 8k 4 8 SRS FIB a6 &, ARBFSEH TAT JEM 6 T AL 22 FE B
DN (] (R 16 b T, OF HUOH SRRt 5 T d, SREPHIRE EE Ra A Rz (BN HT 20901 4
1. 272F16. 652 pwm, M 10 h J5 435138 R 2. 528 F115. 628 pum.

Fig. 5 Surface morphology of TA1 of original specimen(A), 2 h(B), 4 h(C), 6 h(D), 8 h(E) and 10 h(F)

W3 EDX WX TA1 A w125 2T T /08T, 25 A3 S firs . 14009 EDX BB &
B S2 (AR SCHFRAF D). Jlh TAL EER R1H 1 Ti & KT 99. 5%, 2RI A ARRE T SN —
AT RS . B MK [ A3, TA T b 218 O & B AN Ti & 4 i 2 BT R Rk,
TA1 KM AT HERL T 84k, 5 Fik OM FAFLE R —20. K 6(A)~(C) il En T IREGFES
4010 WL T INRUR A TAT 2 1 A PEAN Ti,, XPS i . JEARE S 9 PRI 32 22 TiO 1 Ti0, 41 AR,
TiO, & 14 40. 00%, =5 F TiO # 25. 06%; Zead 4 h AL T oLl )5 , A AL R4 98. 8% Ay TiO, Fil
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Table 5 Surface roughness and element contents in the surface of TA1s

Surface roughness/pm Element content(%, mass fraction)
Duration/h
Ra Rz 0 Ti Si Fe
0 1.272 6.652 2.53 96.78 0.47 0.22
2 1.523 8.113 9.30 89.69 0.68 0.33
4 1.888 9.944 8.23 90.83 0.38 0.56
6 2.419 14.783 12.76 86.24 0.61 0.39
8 2.381 14.310 13.74 85.41 0.43 0.42
10 2.528 15.628 14.68 84.40 0.35 0.57
(A) —Experimental (B) — Experimental T (C) — Experimental  Tiz,,
— Calculated Tis, — Calculated 127y — Calculated
—Background —=" — Background — Background
= TiO; 40.00% = TiO- 98.8% = Ti0
TiO 25.06% B Ti05 1.2%

=Ti 34.94% Ti,,,,

Tizpm

Tizpm

| 1 | 1 1 1 | | | 1 1 1 1 | | 1 1 1 1
468 466 464 462 460 458 456 454 452 468 466 464 462 460 458 456 454 468 466 464 462 460 458 456 454
Binding energy/eV Binding energy/eV Binding energy/eV

Fig. 6 Detailed Ti,, XPS spectra of TA1 of original specimen(A), 4 h(B), 10 h(C)

1. 2% M9 Ti,0,, FEAE A INZE 10 h, A LB 2380 TiO,. 33X 32 B FLbF 2% 1 i A8 iR T 484k
Y1, I H AR e 4k 8 S s TRl (9 T30, , AT, GRS ISt fa) i, 1, 5 R a3

232 ICRIMAK G HAM XF4EBAR, GKEMSEERFEE N LR B S AHE
PSS IKANEE B HE M, RO AR It 1 1 26 , 25 52 i A 350 00 SO R AR 2 [ BRp i bR XU Al )
JERRRT AR, B AR 5 GDL Z 8] i TCR (B4 R 23 B AR AR F vt i o o R DR U AK38 . |l B3R A3 By
AL, BEE IR I, TAT JEM A AL B 2 bk s, X — @ FERE b nT AR & TA1 SE#F
TR, (EEK 4 T ) S AL IR e AR i, 5 L DRELRS 88 184 R 250/ N GDIL 5 WU Al 114 4 45504 f
A, SEH Z A0 ICRAEIE N, [RI, A4E Wenzel IS S22 il /7 /N T 90° B, 8 THDHLRS B3 K
S PEEE AN . BT BRI 9 TAT AL 5 5 PR AT 18] (%) ICR {HU AR H e i K 22 fk iy K/ Ny
AN 7(A)FI(B) 7 . 7E PEMFC HEHER HIBEILE 77 140 N/em® T, S [RIEHAAL T-H0MS /9 ICR
18 43 51 & 31. 75, 108.25, 118.56, 169.70, 267.45 F1333. 17 mQ cm®, 7K 45 fill /1 43 51 4y 86.28° ,
81.10°, 75.55°, 76.52°, 75. 82°F168. 04°, ICR{HZ T L F, TiHEfm A2 T K, BRI R rP A A
() FL P A K P BT R B
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Fig.7 ICR values(A) between TA1 and commercially available carbon paper and contact angles(B) of
TA1 under different test duration

Inset: contact angle optical photos.
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pHAAE AR AT L 1, SRR, A R B R i K e, 7 1k H A R A . 40l T Al l)s , TA1
FEMREMREE | AR & SRR Y E I ES, SAR o 328 i i 19 Ti0,. ik
10hJ5, 1,, A 2. 62 pA/em?*fEZE 0. 94 wA/em?, THPRPERFEIEE R, (0B PEFGTKPE B PG Horpr, 22
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