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Self-assembled Platinum-iridium Alloy Aerogels and Their Efficient
Electrocatalytic Ammonia Oxidation Performance
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WU Zirui, LIU Zhenzhong, LI Yi, YANG Juan

(School of Materials and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Ammonia with low cost, easily liquefied and high volumetric energy density is an attractive carbon-free
fuel. Utilizing ammonia as anodic fuel, direct ammonia fuel cells are showing great interests to researchers.
However, such amazing fuel cell device is limited by the sluggish anodic ammonia oxidation reaction. In this work,
Ptlr alloy aerogels with a three-dimensional porous network structure were prepared by nanoparticles (NPs)
self-assembled under a simple and surfactant-free conditions. This structure provided a rich open interconnected

proton transport channel and additional catalytically active sites which contributed to the dehydrogenation process

YR EE: 2022-11-16; WRIESFEEEA: 2023-01-04; MHREHE: 2023-01-11

LW H: HFEERBEIEE(51972150); TLHA HIRE I 4(SBK20210769); 1 [H -+ 5 R} 323 4:(2022M711543); 117 K
22 2022 KA H (202210299366 X)
National Natural Science Foundation of China (51972150); Natural Science Foundation of Jiangsu Province

(SBK20210769); China Postdoctoral Science Foundation (2022M711543); 2022 Creative Project of Undergraduate
Student at Jiangsu University (202210299366X)

EE B I IREERN(1996-), 53, Bl LA Fi 4. E-mail: jsdaujszxs1996@163.com
ZHANG Xiangsong (1996-), male, Master candidate. E-mail: jsdaujszxs1996@163.com
BIS1EER: & 5%, V. E-mail: liyi5482@ujs.edu.cn; # 46, #4%. E-mail: yangjuan6347@ujs.edu.cn
LIYi, lecturer. E-mail: liyi5482@ujs.edu.cn; YANG Juan, professor. E-mail: yangjuan6347@ujs.edu.cn



512 I e

38 %

of NH; molecules in ammonia electrocatalytic oxidation. An optimal AOR activity was achieved at the 80/20 molar

ratio of Pt/Ir. Effects of NH; concentration and operating temperature on catalyst's ammonia oxidation performance

were studied, which revealed that the AOR performance of Ptglr,, alloy aerogel was improved with the increase of

ammonia concentration or operating temperature. For example, the mass specific activity, at 0.50 V of the Ptgylry,

alloy aerogel, was estimated to be 44.03 A-g ', which was about 4 times as that of the ammonia concentration at

0.05 mol/L. In the case of operating temperature effect, the mass activity was estimated to be 148.73 A-g', which

was almost 12 times as that of the temperature rising (from 25 C) to 80 ‘C. Encouragingly, the onset potential of

the optimal Ptglr,, alloy aerogel catalyst displayed about 40 mV reduction during such a temperature change.

Further calculations using the Arrhenius equation showed that its activation energy was reduced by about 9.43 kJ-mol ' as

compared with commercial Pt/C. Moreover, its AOR stability was improved as evidenced by a loss of ~50.6% mass

activity after 2000 potential cycles when compared with commercial Pt/C (~74.9%).

Key words: self-assembly; Ptlr alloy; aerogel; electrocatalytic ammonia oxidation reaction
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Fig. 2 Structure and composition of Ptg,lryy alloy aerogel
(a, b) TEM images; (c) HR-TEM image; (d) HAADF-STEM image
and corresponding mapping images
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Fig. 3 (a) XRD patterns of different catalysts, commercial Pt/C, and (b) corresponding enlarged
XRD patterns in the range of 26=35°-50°
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Fig. 5 (a) CV curves of Pty Ir, acrogels and commercial Pt/C catalysts under room temperature, (b) AOR activity comparison for
Ptgo.,Ir, aerogels and commercial Pt/C catalysts at 0.5 V(vs. RHE), (c) energy difference between the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of Pt, Ir and Ptglr,¢ nanoparticles, (d) schematic diagram of
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the presence and absence of NHj3; (f) CA curves of Ptyg..Ir, aerogels and commercial Pt/C catalysts
Colorful figures are available on website
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Fig. S1 SEM image of Ptgylr,, acrogel
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Fig. S2 TEM images of Pt acrogel
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Fig. S3 TEM images of Ptglr,, alloy
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Fig. S4 EDS spectrum of Ptglr,, aerogel catalyst with inset

showing its mass and atom ratios
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xS1 AEER XPS MXTREREE(%, RFHE)
Table S1 Elemental quantification (%, in atom)
determined by XPS for different Pt Ir, aerogel catalysts

Sample Pt/% Ir/% Pt/Ir
Ptsslrys 54.33 45.67 1.19
Pt;olrso 67.24 32.76 2.05
Ptgolrao 79.34 20.66 3.84
Ptg;Ir); 88.36 11.64 7.59

£S2 FEESZSHEL PYUC H& Paf & EERISTEE
Table S2 Comparison of binding energy between
Pt4f with different Pt-based catalysts

Sample Ptafs,/eV  A/eV  Ptaf;,/eV  Ay/eV
Commercial Pt/C 75.10 - 71.70 -
Ptg;Ir(; aerogel 74.85 -0.25 71.53 -0.17
Ptgolryy aerogel 74.88 -0.22 71.50 -0.20
Pt;olr3¢ aerogel 74.92 -0.18 71.53 -0.17
Ptsslrys aerogel 74.93 -0.17 71.57 -0.13

A; and A, represent binding energy differences between
commercial Pt/C and Pt;q.Ir, acrogel catalysts for Pt4fs, and
Pt4f;),, respectively

1—pt
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£ of
002}
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ECSApiry,: 9.8 m?g™!
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Fig. S5 Electrochemical active surface area of Pt, Ptgglryg
aerogels
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Table S3 Comparison of AOR activity between different catalysts
. Mass activity at 0.5 V Peak mass activity/

Sample Onset potential/V (vs. RHE)/(m A'mgPGMil) (m A'mgPGMil) Ref.
Ptg;Ir|; aerogel 0.411 4.7 53.7 This work
Ptgolryy aerogel 0.368 19.4 86.3 This work
Ptyolrso aerogel 0.361 8.9 31.5 This work
Ptsslrys aerogel 0.358 6.4 24.8 This work

Pt 0.511 1.1 31.5 This work
Ir 0.354 12.0 14.6 This work
Commercial Pt/C 0.495 8.4 62.9 This work
Commercial Ptlr/C 0.428 10.4 25.1 [S1]
Ir-decorate Pt NCs/C ~0.43 - 100 [S2]
Polycrystalline Ptlr ~0.41 - - [S3]
PtRh/C(Pt:Rh =9:1) 0.44 9.0 93.8 [S4]
Pt-decorated Ni particles ~0.50 - 75.3 [S5]
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Fig. S6 Nyquist plots of EIS spectra measured for Pt (violet),
Ptgolryo aerogel (blue) and commercial Pt/C (gray) in 1.0 mol/L
KOH electrolyte at the open circuit potential
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Fig. S7 XRD patterns of Ptgylryy aerogel before and after

2000 cycle stability tests

(a) before and (b) after 2000 cycle stability tests
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