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Scission of Main Chain Unzipping Reactions at
Unstable End Groups
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S. Hommura et al., J. Electrochem. Soc.,155, A29 (2008)& Y E58 (Author’s right), © 2008 The Electrochemical Society.
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G. Shi et al., J. Mater. Chem. A, 8, 1091 (2020): open access,
Royal Society of Chemistry, CC-BY-NC.
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End Groups
~COOH +HO-
~COF ) mep ~CF,COOH =% ~CF,CO00- =P ~CF,
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+ HO-
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CHE D THE D continues
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BIRFENER S TIE, TLALEAIIFIEIS.
SE2Rdry TIXSGELENEDIAVMTY.

— BROFBLEICKHIEEL TS

S. Hommura et al., J. Electrochem. Soc.,155, A29 (2008) &Y BE#&; (Author’s right),
© 2008 The Electrochemical Society.
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~CF,SO,H + HO* — —CF,S0,* + H,0 */\—7nnB@EOEADEATHLF—EHHL.
F,C—SO,HHM'RHIBL\EHER.

—CF,S0O;* — —CF,* + SO, F. D. Coms (GM), ECS Trans., 16(2), 235 (2008).

—CF,* + HO* — —CF,0H — Unzipping & i ###5%
ME: ERISTHLIBERADHLHRACe 1T FEEFTIES.

1. *OHZLAILD I IV F: *OH + Ce®* + H* — Ce** + H,0O
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120°C. 18%RHTNDOCVRERE LU 50%RHTM0.2 AlcmEHE K E Tt A 5% =5
E. Endoh(AGC), ECS Trans., 16(2), 1229 (2008)
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JE(F5ELIE S M D=, F.D. Coms et al., ECS Trans., 16(2), 1735 (2008).
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M. A. Baker (LANL) et al., Appl. Polym. Mater., 2, 3642 (2020).
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Innovation by Chemistry
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J. Miyake et al., Sci. Adv., 3: eaa00476 (2017).
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Table I. AST and drive cycle test protocols used in this study.

Parameter

Anode/cathode

Relative Current Anode/cathode

Anode/cathode

Protocol Temperature  reactant gas humidity density gas flow rate outlet pressure
ocv 90°C Ho/air 30% 0 Alem? 0.7/1.67 SLPM 250/200 kPagps
RHC 80°C air/air 2 min dry/2 min 90°C dew point 0 Alem? 2/2 SLPM 1017101 kPagpg
2m/2m OCV RHC 90°C Ha/air 2 min dry/2 min 92°C dew point 0 Alem? 1/1 SLPM 101/101 kPaghs
30s/45s OCV RHC 90°C Hy/air 30 sec dry/45 sec 92°C dew point 0 Alem? 1/1 SLPM 1017101 kPagps
U.S. Drive drive cycle 80°C Ha/air Wet phase *b:50% RH 30 sec 0.02 96/1.6 stoich, 1017101 kPagbs
Alem?/30 sec 108/1.8 stoich
1.2 Alem?
Dry phase ©: 83°C dew point 30 sec 0.1 5/25 stoich, 1017101 kPagp
Alem?/30 sec 5/25 stoich
12 Alem?
Wet U.S. Drive drive cycle 80°C Ha/air 83°C dew point* 30 sec 0.02 96/1.6 stoich, 1017101 KPagbs
Alem?/30 sec 108/1.8 stoich
1.2 Alem?
Aanode and cathode inlets at 85°C.
biransition after wet phase in Ha/air with 70°C dew points, 0.6 A/em?, for 2 minutes or until dry phase dew points are reached.

“anode and cathode inlets at 80°C.
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1. Ballard P5 (50 um) for bus stack,
Pt 1.05 mg/cm?

(field testing from 2002, in
Germany, ca. 3,000 hours)

2. Ballard HD6 (25 pm) for bus
stack, Pt 1 mg/cm?

(testing from 2007, in the lab. on
an Orange County Transit
Authority drive cycle for 6,842)

3. Nafion XL (+Ce, PTFE##58)
A: 0.2 mg/cm?, C: 0.1 mg/cm?

#HERIEE (WAXSTOEXHE) : HEIZ&YBD

1
1
I3
—~ 8 ™ v ™ 8 1 i\’ 12 75
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[ 4 g S
o i
L 3 3 1'%
z 8
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[ 1 1 @
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Lo 0 1 2
L 2 BOL Drive Ar ———— OCVRHC | 2>
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|

OCVTORH cycle: field test/drive cycle test TOEEZE(L, F/#BEEILLEL—BLTS.
OCV RHC 30s/45sD A D MREA R LY.

R. Mukundan (LANL) et al., J. Electrochem. Soc., 165, F3085 (2018): open access CC-BY-NC-ND.
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Nafion Membranes”, ECS Electrochem. Lett., 3, F33 (2014).
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Membrane Combined Chemical/Mechanical Cycle and Metrics (Test Using an MEA)

Cycle 90°C, 0% RH (30 s)©100%RH (45 s), E+z)L.25-50 cm?

A ERBFFE H,70A4=n"=H%15 mA/cm?2 {8 Z 5% T or 20,000 cycles (> 417 h)

PREL ER L F H,/air, /5 &340 sccm/cm?, & E (B EHEL)

Metric (5Fifii%) R ESHE FIERE
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“Highly Accelerated Stress Test (HAST)” for the combined iz Temperature §§
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Y-H. Lai (GM) et al., J. Electrochem. Soc., 165, F3217 (2018): open access CC-BY-NC-ND.
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1 T
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S. Mitsushima et al., Electrochim. Acta, 54, 455 (2008)& Y 85 A %15 TEEH, © 2008 Elsevier Ltd.
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M. Wakisaka, S. Ashizawa, H. Uchida, and M. Watanabe, Phys. Chem. Chem. Phys. 12, 4184 (2010)&YERE; (Author’s right),
©2010 Royal Society of Chemistry.
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B AN L BPLO)ERINE : PtBi§E 2 RDE + on-line ICP-MS
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Table 1. Summary of the Total Pt Loss over One Potential
Cycle up to 1.05 V for Distinct Pt Surface Morphologies,
Indicating the Stability Trend Follows the Coordination
Number of the Surface Sites

surface
Pt(111) Pt(100) Pt(110) Pt(Poly) Pt(Nano)
Opp. g’/ WML 2+1 7+1 83+4 36+3 10310

cycle™

“Calculated on the basis of average surface atomic densities and Pt
molecular mass, giving 487, 422, 298, and 425 ng cm™* for (111),
(100), (110), (Poly), and (Nano). Poly and Nano were assumed to
have the same average surface atomic densities.
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B. R. Shrestha et al., Electrochim. Acta, 143, 161
(2014).

S. Geiger et al., Electrochim. Acta, 179, 24 (2015).

P. P. Lopes et al., ACS Catal., 6,2536 (2016)&Y ¥ A %15 TEEH;, ©2016 American Chemical Society
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©2016 Elsevier Ltd.
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T. Takeshita et al., 214th ECS Meeting (PRIME2008), (Oct. 12-17, 2008, Hawaii); ECS Trans., 16 (2), 367 (2008).
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D2 | f:)3 D:4 Relative band area ratios of the D1-D4 bands to the G band, Apy pand/Ac-band (x=1-4),
. ! 1 calculated from the Raman spectra for the c-Pt/CB, c-Pt/GCB, Pt/GCB-HT, and n-
! | i Pt/GCB catalysts obtained before and after the durability testing (N= 10,000, except
Ml ! N=3000 for c-Pt/CB).
! I
! ! Pt/CB c-Pt/GCB Pt/GCB-HT n-Pt/GCB
1
) | Ap1-band/AG-band
e Before 4170 2143 2.328 2274
After 4112 3.916 2.526 3,264
2000 1500 1000 500 Ratio change 0.986 1.827 1.085 1.435
Raman Shift (cm) Ap2-band/AG-band
Before 0.693 0.362 0.387 0.323
Table 3 After 0.589 0.555 0.350 0.424
Vibration modes of Raman bands reported for carbon black and graphite. Ratio change 0.851 1.535 0.904 1312
- S AD3-band/AG-band
Band Raman shift Vibration mode Before 0314 0.145 0214 0136
G ca. 1575¢cm™! Ideal graphitic lattice [29,36,37] After 1.256 0.290 0.202 0.164
D1 ca. 1325cm™! Disordered graphitic lattice-graphene Ratio change 3.997 2.006 0.942 1.209
layer edge [29,36,37] Apa-pand/AG-vand
D2 ca. 1610cm™! Disordered graphitic lattice-surface Before 0.435 0.261 0.254 0.410
graphene layer [29,36] After 1.106 0.582 0.398 0.774
D3 ca. 1495¢cm! Amorphous carbon [30,34-37] Ratio change 2.543 2.229 1.566 1.886
D4 ca. 1190cm™! Polyenes [35,36], ionic impurities [30]

M. Hara et al., Electrochim. Acta, 70,171 (2012)&YEFa] 248 TEHEHL, © 2012 Elsevier Ltd.

Ratio change = after/before. FRFRBERIZEYD3, D4/ RIREEAEN.
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Figure 3b has 5 min. hold times at the upper potential limit, and 0.5 min. hold at the lower potential limit. Similar trends for the three types of carbon types were
observed, with the trend in corrosion following HSAC = V = LSAC.

N. Macauley (R. L. Borup, LANL) et al., J. Electrochem. Soc., 165, F3148 (2018): open access CC-BY.
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