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Ptlr/C Anode Electrocatalyst
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Abstract Ammonia (NH3), a carbon-free hydrogen energy carrier, is a key green energy for decarbonization, because of its
easier storage and transport properties compared with hydrogen, as well as its higher volumetric energy density, which makes
it suitable as alternative fuel and renewable energy carrier. To study the performance of Ptlr/C anode electrocatalyst as direct
ammonia (gas) fuel cells (DAFC), a laboratory test device was used to investigate the performance of DAFC employing ani-
on exchange membrane (AEM) at different operating temperatures. Electrocatalytic activity of the Ptlr/C electrocatalyst and
performance of DAFC were examined by electrochemical workstation, respectively. Furthermore, the effect of NH3-KOH
concentration in anode fuel on ammonia oxidation reaction (AOR) activity was investigated. An on-line Fourier infrared
(FTIR) gas analyzer was used to measure the ammonia concentration and spectra of cathode exhausted gas in DAFC. The
results showed that the highest open circuit voltage (OCV) of 0.50 V and the peak power density of 3.2 mWscm 2 were ob-
tained in DAFC at 80 ‘C. The increased OCV might be attributed to the synergistic benefits (electronic effects) between Pt
and Ir in the Pt-Ir transition alloys, which resulted in a shift to the lower over-potential of AOR. The rise in peak power den-
sity was mainly due to the increase of temperature, which improved the desorption of intermediate adsorption species (Nads)
from the electrocatalyst, as well as it enhanced the kinetics of AOR. The suitable NH3-KOH concentration could reduce the
onset potential of AOR and improve the catalytic activity. Both gas content and FTIR spectrum of the DAFC cathode ex-
hausted gas confirmed the presence of ammonia concentration in exhausted gas at different temperatures, which demonstrat-
ed that ammonia fuel crossed the membrane electrode assembly (MEA) to the cathode site. It was further observed that am-
monia cross-over increased with temperature, which led to a degradation of the cathode Pt/C electrocatalyst and resulted in
the decrease of the OCV and power density of the DAFC. In this paper, the theoretical basis of DAFC agreed well with the
experimental data. To further improve the performance of DAFC, it suggested that a high quality AEM allowing hydroxyl ion
passing through but prohibiting ammonia cross-over, should be developed.
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IR IR 2108 394 um, ALFIERIEEZ)N 22 um,
W B TR B B 208 72 pm, ST BUE B EY)
A 139 pm.

22 fEMMARERZ
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(cyclic voltammetry, CV)HIZZ K. 41/ 2(a) 7w, PYC fi
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2(b)" PtIr/C EALFIAE 25, 60 A1 80 CF, I&{H AOR H,
WMy HIN 2,75, 6.47 F1 18.77 mAeem™2, MLZ T
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1. RIS 80 CF, Ptir/C MIEIHH AN 370
mV(vs. RHE)EE PYC fALFI RS G AL 470 mV(vs.
RHE)IK, X /M45 35 FH O STk s — 8027,

K 3(a, b)J& 60 ‘C K PtIr/C fiEALFIFEA ] NH; 3K FE
FIVEAR R R CV HiZR . M 3(a) ] LATS HIBE S 7
W NH; 193 2 M 0.1 moleL ! NH3-1 moleL ! KOH ¥ &
0.5 moleL™" NH;-1 molsL™" KOH I AOR W Af Hi i %5 &
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Figure 1 (a) SEM image of Ptlr/C anode electrocatalyst layer; (b) SEM image of Pt/C cathode electrocatalyst layer; (c, e, g) energy dispersive spectrom-
eter (EDS) color mappings of Ptlr/C anode electrocatalyst layer; (d, f) EDS color mappings of Pt/C cathode electrocatalyst layer; (h) microstructure

cross-section of the membrane electrode assembly (MEA)

B, XATAEE Tt 210 NH; 237 S He e a] s B 47
NHags 78 55 7 4072 T 00 R SIS VAL s 28201 {2 fifif
HFIEPE R R, B 3(b)& 60 C R Ptlr/C fEALFIAE
ANFE KOH WK B A R T CV £ . B HFarLL
i 5 molsL ™! KOH MR EAHF| T AOR M, 4Bk
FEIL AR F AOR fvi. [AIRS WEZ2 3 = OH ¥R FE R
K AOR [HILLA AL, X AT RE/S H TH A OH ik
J5E B ARG 17 A R TR LAy A A% F BELI22),
2.3 EEsAREBLR

4(a, b)/& DAFC TEA R T ik Ak it 26 Fn T %
HEEAh k. TTLLE S DAFC i 1T B T mT DLk 31
0.50 V, X2 H T Ptlr/C {4 I 4 )8 Ir A1 Pt Z 7]
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Figure 2 The CV curves of (a) Pt/C electrocatalyst and (b) Ptlr/C elec-
trocatalyst under different temperatures
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Figure 3 The CV curves of Ptlr/C electrocatalyst at (a) different NH;
solution concentrations and (b) different KOH concentrations
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rate)-time in DAFC cathode exhausted gas
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Figure 6 FTIR spectra of cathode exhausted gas in the ranges from (a)
880 cm ! to 1040 cm™ and (b) 964 cm™! to 968 cm™! in DAFC
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Figure 7 The schematic diagram of the test setup for DAFC
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