K F F R

sRiIESC

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A18080357

RIRE ENARTRIRR R S R RIS R TIRIH &
RATEERERR

FYHE O OEEA FEr BTH
(FERKFE TP B 400044)

WE RSB SEESMHAFIENT 2R P(OER) HF HEREL R, I IS &8 RuO, EALFAIIE K /1. LLSio, A
KEUBER, 2 BN ERIE, Fe*', Nit & @I, Wl ST RA Kike. ZIh &b R %13 218408 & S 9K Bk
PR 1) 22 AL RIS 2B AL, BRI R P AT EUR SRR I, A 4 AL 751K B LR 5 B 10 mAeem 2 B AU
286 mV, KT LA RuO, AMEATFIH 380 mV il HAL; [FIFZEEt 2000 BEHR R 2 Z 40 Jaid it LT B3, fE e
Bl % (0 & S AR A W TGS AR 3 () BRARA & DR B TR Bk R R B T R FLAR v EALBE v, R 2 iR
TEVEDL S Q) A B EIRE & S GUR BRI R4 38 = T M EHUR ik, gEmise A HAs e

KEgE ZRILAB K, REEE WER

Iron/nickel Alloy Nanoparticles Embedded in N-doped Porous Carbon for
Robust Oxygen Evolution Reaction
Wang, Yilin Wang, Minjie Li, Jing* Wei, Zidong*
(School of Chemistry and Chemical Engineering, Chongqing University, Chongqing 400044)

Abstract Hydrogen, a clean, efficient and sustainable energy, can be produced via electrochemical water splitting, during
which two key processes, hydrogen evolution reaction (HER) and oxygen evolution reaction (OER), occur simultaneously at
the two electrodes of an electrolytic cell. Nevertheless compared to the two-electron process of HER, OER, a four-electron
process, is of the inherently kinetic hysteresis step, which can dramatically diminish the overall energy conversion efficiency.
The highly active noble-metal-based catalyst RuO, is considered to be one of the most efficient state-of-the-art OER catalysts.
However the high cost and element scarcity significantly hinder their practical applications. Thus it is particularly urgent to
develop highly-active but low-cost non-noble-metal alternatives. Iron/nickel alloy based catalysts have been widely studied
owing to their promising performances. In this work, we prepared iron/nickel alloy nanoparticles embedded in N-doped hier-
archically porous carbon (Feg ¢4Nig 36@NC), by simultaneously adsorbing metal precursors and dopamine on surface of SiO,
macroporous hard templates, and then annealing the system and etching the templates. In electrochemical measurements,
Feg 64Nig36@NC shows a superior OER activity in alkaline solution, which only needs an overpotential as low as 286 mV to
deliver a current density of 10 mAecm 2, being significantly lower than the value of 380 mV for RuO,. Besides, the catalyst
displays no obvious activity decrease after 2000 cycles of continuous CV scanning, corresponding to an excellent durability.
The observed nice performances of the alloy catalyst in alkaline solution can be ascribed to two critical structural features: (1)
the macroporous structures made by stacking of SiO, microspheres own relatively thin layer of carbon framework, thus the
embedded iron/nickel alloy particles can well activate the surrounding carbon layer to expose copious active sites; (2) the
graphitized N-doped carbon layers well protect the alloy nanoparticles from corrosion, thus improving the durability of the
catalysts. This work gave a nice design for the highly efficient non-noble-metal OER catalysts.
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Figure 1 The synthetic process for Feg4Nig36@NC
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Figure 2 XRD patterns of Fe) 64Nip36@NC, Fe;C@NC and Ni@NC
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Figure 3 The high resolution XPS spectra of N 1s (a), Fe 2p (b) and Ni
2p (C) for F€0,64Ni0,35@NC
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Figure 4 SEM images for the prepared products. (a) SiO; (b) Fe’™,
NiZ"-PDA@Si05; (c) Feo4Nig36@NC
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Figure 6 N, adsorption-desorption isotherm (a) and pore size distribution plots (b) for Feg 64Nig36@NC, FesC@NC, Ni@NC and NC products
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Figure 7 The OER performance of the obtained catalysts: (a) polarization curves (with iR correction); (b) Tafel slopes for the prepared materials (meas-
ured at a scan rate of 5.0 mVes ! in O,-saturated 1.0 mol/L KOH solution); (c) Nyquist plots of the prepared catalysts; The inset shows the electrical equiv-
alent circuit used to model the catalyst systems (inset); (d) An estimation of Cy from plotting the current density variation (Aj=(j,—j)/2) in 1.0 mol/L
KOH; (e, f) Durability test of Feg 4Nip36@NC catalyst
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