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Recentlyl] we reported thactivity and durability of a
wide range of dalloyed PtNi catalysts(4 different
catalysts at 3 different stages of life) tested in PEM fuel
cells. The factors include, as summarized in Table 1, the
PtNi; precursor A or B), the acid used for leaching the Ni
(HNO; or H,SO, denoted NA or SA) the time and
dealloying temperaturdie [hrs}) tem°C]), and the use
of a postdealloying thermal anneah 5% H/N, at 400
°C for 4hrs @lenotedun-ainealed orannealed. Initial
(BOL) ORR mass activities (Aig-PGM at 0.9 V RT)
and that afterl0k and 30kcycles (following DOE
protocol [2]) are given. All catalystsexceedthe DOE
2017 BOL mass activitytarget (0.44/mg-PGM at 0.9
ViR fee [2]), but have widely varying durability.
Understanding the durability and its dependence on
particle morphology requires knowledge of many
properties such athe final Pt/Ni atomic ratios, outer Pt

skin thickness, and nature of Pt sites on the outer surface;

properties difficult taeexperimentallyobtain.

Table 1Massactivity (A/mg-PGM) of the PiNi, catdysts

Pre | Acid | tT An | BOL | 10k | 30k
A NA | 24/70 |ua |.50 |.25 | .17
B NA | 24/70 |ua | .75 | .66 | .47
B SA |24/80 |ua | .64 | .61 | .51
B SA | 24/80 | a A48 | .57 | .56
The PtNi dealloyed catalysts were characterized

structurally with HAADF/EELS [3] and by XAS using Pt

L; and Ni K-edge EXAFS andp XANES [4]. The Ni
K-edgeAuXANES providsuniqueinformation on the Pt
skin porosity and/or thickness and the RtAlu XANES
on the adsorbate coverage and binding isitermation
for adsorbates such as OfHjadsorbed O or OHand
OO(H)* (undissociated ©or OOH on the Pt[4]. It is
possible to follow thse adsorbatecoverags on the
cathode in either Nor O, saturated electrolyte (0.1 M
HCIO,4). The O(H)} coveragewith N,, arises just from
water activationwith O, from water and @activation

Previousy [4], we reportedhe firstin situ measurement
of OOH* and O(H)* coverage onthe PtNi, A-NA
catalystalong with two PtCo catalysts in,@sing the Pt
Ap XANES.. The Sabatier principl§4] was confirmed,
with the nondissociative mechanism radietermiring on
the PtO weak side, and the dissociative mechanism on
the strong side of the volcano maximum. The lattice
compressionin the Pt skin appeared to dominate for the
dealloyed PtM catalysts examined in dh work, as
indicated by the ordering witEXAFS PtPtdistancs.

As illustrated in Fig. 1, the Nip XANES revealsthe
growing thickness of the Pt skin with cycling on Pidiy
A-NA catalyst HAADF data showthat the ANA
catalystat BOL ha a multicore structure with a porous Pt
skin [3]. This was confirmed by the NiAL| XANES
showing P{O contactbelow 0.5 V, as the adsorbing O
from water activation could easily gain access to the near

surface Ni. After cycling for 1Q the Pt skin isignify-
canty enhanced, since penetration by the O is niotemt
until around 0.85 V. This is true in both, Bnd Q, but
the presence of a greatdectronicligand effectfrom the
adsorbed molecular species ini®clearlyevident. After
30k cycles penetration of the Pt skin is not evident until
potentials well abaw 1.0 V, suggeshg a much thicker Pt
skin. Note the strong inhibition of water activation in the
presence of © as atomic O from the water must now
compete for Pt sites with the molecularly adsorbed
OO(H)* species.

0.02
LI S /fﬁ )
0.00 g
-0.01 e **F— o.
-0.02 Ar ~~strongly

inhib |t=
-0.03 water
-0.04

activation
0203040506070809101112

Potential (V RHE)

Fig. 1 The magnitude ohu (JAul) in the range of5t0 0

eV for the PtN; A-NA catalyst reflecting an electronic
ligand effect when positive and direct-Nicontact when
negative. The increasing relative Pt skin thickness with
cycling is indicated schematically.
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The Au reallts for the PtNj with B precursorand with
greaterdurability clearly show that this arises from the
initially thicker Pt skin. Further, this skin appearshio
with cycling, suggesting that the cycling produces a
characeristic thickness;he Pt skinthickness is increased
when it starts out thinin the A-NA catalyst, but it is
reduced wherit starts out thick in all of the B catalysts.
The thickness of the Pt skidetermines the rate of
leaching of the Ni, and therefore has a profoundocgfbn
the durability of the catalysts, and the Pt skiickness
does not appear to strongly alter the ORR activity.

Post anrealing is found to significantly reduce O{H)
and enhance OO(H) indicating the strong reduction of
activePt corner and edge sitby the anneal procesand
their returnandincreasen ORR activityafter 10k cycles
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