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Fig. 1 (Color online) The main constructional elements of the sin-
gle cell of PEMFC.
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Fig. 2 (Color online) In situ Pt-Ly; edge XAFS spectra at 0.4 and
1.0 V for the Pt/C and Pt;Co/C MEAs (60sx 3 scan). (A)
Pt LIII-edge XANES spectra: blue dashed line, Pt/C at 0.4
V; red dashed line, Pt/C at 1.0 V; blue solid line, Pt;Co/C at
0.4 V; and red solid line, Pt;Co/C at 1.0 V. (B) their Fourier
transforms (Pt/C: k=30-140 nm !, Pt;Co/C: k=30-130
nm~!): solid line, experimental data; and dashed line, fitted
data. (a) Pt/Cat 0.4V, (b) Pt/Cat 1.0V, (c) Pt;Co/C at
0.4V, and (d) Pt;Co/Cat1.0V.
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Fig. 3 (Color online) In situ Co K-edge XAFS at 0.4 and 1.0 V for

the Pt;Co/C catalyst (60sx4scan). (A) Co K-edge
XANES spectra: black solid line, Co foil; black dashed line,
CoO; blue solid line, Pt;Co/C at 0.4 V; and red dashed line,
Pt;Co/C at 1.0 V. (B) their Fourier transforms at k=30—
120 nm~!: solid line, experimental data; dashed line, fitted
data; (a) Pt;Co/C at 0.4V and (b) Pt;Co/C at 1.0 V.
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Fig. 4 Time profiles of (1) electric charge and Pt valence on an equivalent scale, (2) CNs of Pt-Pt and Pt—Co bonds and
(3) CN of Pt—O bonds for the voltage-cycling processes on Pt;Co/C. (A) 0.4 V—>1.0 Vand (B) 1.0 V—>0.4 V. k
=30-130nm~!; R=0.10-0.31 nm. X: electrical charge in the cell, A: Pt valence, ®: Pt-Pt, +: Pt—Co, and O:
Pt—O. Dashed lines in (A1) and (B1) correspond to be the valence state of Pt foil. The intervals on the right and
left axes in (1) were scaled to be identical (in coulombs).
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Fig. 5 (Color online) Proposed structural kinetics of the surface events on the Pt/C and Pt;Co/C cathode catalysts for
the voltage cycling processes at 353 K. Each voltage-cycling process can be regarded to be reversible.
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Fig. 6 (Color online) SEM images of membrane electrode assem-
bly (a) and the morphology of catalyst layer (b). TEM im-
age of electrocatalyst (c).
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Fig. 7 (Color online) I-V curve under various oxygen partial-pres-
sure conditions. Circle (red): 5%0,+95%N,, Square
(blue): 20% 0, + 80% N,.
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Fig. 8 (Color online) Mapping images at before edge (11.527 keV), edge jump (ut at 11.600 keV —ut at 11.527 keV)
and white line height [ (ut at 11.570 keV —ut at 11.527 keV) / (ut at 11.600 keV — ut at 11.527 keV) ] under N, flow

conditions.
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Fig. 9 (Color online) Mapping images of white line height [ (ut at 11.570 keV —ut at 11.527 keV) / (ut at 11.600 keV —
ut at 11.527 keV) ] at near inlet and outlet under various load and oxygen partial-pressure conditions.
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Fig. 10 (Color online) XCL-XAFS setup at BL47XU of SPring-8.
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Fig. 11 (Color online) Position of Pt catalyst in catalyst layer, cross-sectional SEM image and series of depth-resolved
XANES spectra. (A1) three-dimensional image of fresh MEA, (A2) cross-sectional SEM image of fresh MEA,
(A3) depth-resolved XANES spectra of fresh MEA, (B1) three-dimensional image of degraded MEA, (B2)
cross-sectional SEM image of degraded MEA, (A3) depth-resolved XANES spectra of degraded MEA.
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Fig. 12 (Color online) Spatially resolved XCL.XANES spectra at a

depth Z of 113.2 mm for the catalyst layers in (A) fresh and
(B) degraded MEA. Vertical axis (intensity) was normal-
ized by Pt Ly;; edge jump. Cross-sectional images represent
Pt quantity observed by XCL. (al), (a2), (bl), and (b2)
(AX=27.6 um and AY=32.4um) in the cross-sectional
images represent measured areas of the corresponding
XCL-XANES spectra. (c) XANES spectrum of Pt foil.
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Investigation of the chemical state and the
situation of platinum based electrocatalyst
in polymer electrolyte membrane fuel cells
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38 Nishigo-naka, Myodaiji, Okazaki, Aichi 444-8585, Japan
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38 Nishigo-naka, Myodaiji, Okazaki, Aichi 444-8585, Japan

Abstract

The information obtained from time-resolved and space-resolved XAFS methods were reviewed
using these experimental results in order to understand the chemical state and the situation of
electrocatalyst under the fuel-cell operation conditions. In case of in-situ time-resolved XAFS
method, the redox ability of surface oxide layer on Pt/C and Pt3Co/C was estimated. As results,
one of the reasons that Pt;Co/C has higher durability than Pt/C was suggested. The spatial distri-
bution of Pt/C in the fuel cell under the operation conditions was depicted by in-situ space-
resolved XAFS method. The oxidation state of catalyst particles depended on position of gas flow
channel, and it differed between channel and rib. Three-dimensional space-resolved XAFS method
revealed three-dimensional image of catalyst layer in membrane electrode assembly. These in-situ
XAFS methods help to clearly understand the black-box which is the chemical state and/or the
situation of electrocatalyst under the operation condition of fuel cell.
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