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Development of non-platinum carbon-free catalyst without the use of ammonia gas
pyrolysis
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Cathode catalysts without platinum group metals (PGMs) or carbon supports
can reduce the price of polymer electrolyte fuel cells in automobiles, making them commercially
competitive. In this paper, an inexpensive and PGM-free catalyst; i.e., amorphous nitrogen-doped
Ti02-shell on TiN-core was synthesized without carbon support. While existing PGM-free all-oxide
catalysts without carbon support have shown moderate current densities (at the order of py A/cm2),
the current density of this new catalyst is three orders of magnitude higher. Replacing commercial
carbon support by hydrothermally synthesized Ti407 significantly enhanced the activity to be close
to that of carbon-supported platinum. Although its conductivity and surface area were not sufficient

for an accurate evaluation of its activity, these new results demonstrate the possibility of
high-performance non-PGM catalysts without carbon supports.
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Figure 1. Rotating disk electrode
(RDE) voltammograms of TiON, and
ZrO,N, catalysts synthesized without
supports at 900°C. The scans were
performed with a rotation speed of
1500 rpm at a scan rate of 5 mV st in
0.1 mol dm?® H,S0,. The catalyst
loading, m, and mass fraction of
Nafion in the catalyst layer, X,
values were fixed at 1 mg cm™ and 0.3,
respectively. No carbon was added to
the catalyst layers. The current
density was background-corrected.
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Figure 2. (Top) RDE voltammograms of
(a) commercial Pt-C (36.7% w/w
platinum) at m=1mgcm?and x ,=0.3,
() TiON, after optimized
N,-pyrolysis at 1000°C with Ti,0,
supports at m =2 mg cm? and y , = 0
and (c) TiON,C after optimized
N,-pyrolysis at 900 °C with Ti,0,
supports at m=1mgcm?and y ,=0.3.
The other conditions were identical to
those of Figure 1. (Bottom) A cell
voltage versus current density (V- j)
curve of a single cell with membrane
electrode assembly using TiON, at the
cathode (m= 11 mg cm?) and Pt-C at the
anode (0.65 mg cm?). The flow rate for
both H, and 0, was 500 sccm whereas the
back pressures (gage) were 0.2 MPa and
0.3 MPa for anode and cathode,
respectively. The membrane was
NR-211.
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Figure 3. RDE voltammograms of TiON,
catalyst after optimized pyrolysis at
1000 °C for 2 h under flowing N, gas,
for four different mass fractions (xn)
of Nafion in the catalyst layers: (A)
0, (B) 0.05, (C) 0.2 and (D) 0.3. The
mwas 2 mg cm 2 and the other conditions
were identical to those of Figure 1.
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Figure 4. (Top) Area fraction of Ti0,,
TiON, and TiN calculated from X-ray
photoelectron Ti 2p spectra versus
HCI concentration in the precursor
dispersion (s, - ©) curve of
support-free TiON, catalysts and
(bottom) the RDE voltammograms after
optimizing the N,-pyrolysis
temperature. The m was 2 mg cm? and
the other conditions were identical
to those of Figure 1.
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