5542 B 3 o owm L T Vol.42, No.3
2025 4 3 A FINE CHEMICALS Mar. 2025

FTEELFI BRI SRR AR

x4, & KT
(1. ZRIBR R BEVL2ERE, SR FEW 2410005 2. ZRITIE R (bS5 RE R0, 280 B
241000 )

FEE . Bk R ARV E AR S | Ml AR, BT & (HER ) BYMERELEAR KRR RS b EGHR T iy e,
AR, 7 (Ru) PIMAELEED (PO AR, HEAS PURRIMNA S S8R, 1k Pc A S 0K et 1,
S AT FL K ] S ST BT SR AR 2 — o SO T e A BT AT S AR L | S Ru FEAHE AL R MR
RO ZE RS 5 K Ru ZEEERI M 4878 Ru. Ru ML EPIRIAEF Ru, STHGE TSR 51098 4
45 252 Ru FARALRLE S 440 F A B i FE5H Ry, O S Rl PyC mssit i & e e . Boa
XiF H HIT Ru SEAE AT AETRE F AT S0 SR8 R0 Tl A F A2 e 9 R BRI B AT T 108 . Ak Ru S
AR T EER AR 77 ) 2 20 ORI 5 USRS | T S A B T FbR A rL AL 22 &, SRR Ru Bl
FN AT SN 23 B 3 AR B 8 S4Bt e figg /K il S AR 1 Tl AR it Ak o

EHEW: A7 RARIER; BrEURNL; MUK 9ORRIT BE

FESES: TQ426; TQ116.2 XHERFRIAEE: A XEHE: 1003-5214 (2025) 03-0508-13

Research progress of hydrogen evolution reaction performance of
ruthenium-based catalysts in alkaline water electrolysis

YUAN Wenjuan', CHEN Zheng®

(1. Wanjiang College, Anhui Normal University, Wuhu 241000, Anhui, China; 2. School of Chemistry and Materials
Science, Anhui Normal University, Wuhu 241000, Anhui, China )

Abstract: Alkaline water electrolysis, a highly attractive hydrogen production technology, largely depends
on the performance of efficient electrocatalysts for cathodic hydrogen evolution reaction. Catalyst Ru,
having a lower price, similar metal hydrogen bond strength, and a stronger water dissociation ability in
comparison to Pt, has become one of the research hotspots in the fields of hydrogen production from
alkaline water electrolysis. Herein, the basic principle of hydrogen evolution in alkaline media and the
factors affecting the performance of Ru-based catalysts as well as the regulation strategies were reviewed.
Ru-based catalysts were then summarized from in terms of metallic Ru, Ru related compounds and single
atom Ru, with various Ru-based catalysts achieving significantly higher alkaline hydrogen evolution
activity and stability than Pt/C through adjustment on the composition and electronic structure. Finally, the
existing problems and challenges in the basic research and industrial application of Ru-based
electrocatalysts in alkaline water electrolysis for hydrogen evolution were discussed. It was pointed out that
the future direction of Ru-based catalyst exploration should focus on flexible low temperature synthesis
strategies, more advanced theoretical calculations and standardized electrochemical measurements. The
development of high-performance Ru-based catalysts will help the industrialization and commercialization
of hydrogen production technology by anion exchange membrane electrolysis in the future.
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Fig. 5 Schematic illustration for the fabrication process of hierarchical RuO,/NiO/NF (a), XRD pattern (b), SEM image (c),
and element mapping of Ni, Ru, O on RuO,/NiO/NF (d), TEM image (inset in panel showing the corresponding
selected area electron diffraction) (e); HRTEM image of RuO,/NiO (f), fast Fourier transform (FFT) patterns (g, h),
lattice spacing corresponding to the selected areas in figure 5f (i)t
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evolution and seawater hydrolysis®")
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FOCH, A TR A R R A KT SR RE BT S 2E 517+

# 1 1.0 mol/L KOH A [A] Ru 484k 7] i) HER 14 RE

Table 1 HER properties of Ru-based catalysts at 1.0 mol/L

KOH
ik mo/mV  Tafel B /(mV/dec) 2% ik
Ru@GnP 22 28 [43]
V-S-Ru/C 21 31.08 [45]
cnts@NC-Ru 21 34.93 [41]
HCRN 32 50 [42]
Ru@C:N 17 38 [52]
Ru/triNC 2 32.1 [56]
Ru@CQDs 10 47 [55]
RW/WNO@C 2 33 [40]
RuAu-0.2 24 37 [59]
Rug 7Pdo;@NPC 20 51 [60]
RuNi/CQDs 13 40 [65]
RuO,/NiO/NF 22 31.7 [66]
Ru,P/WO;@NPC 15 18 [67]
s-RuS,/S-rGO 25 29 [68]
Rug33:Se@TNA 57 50 [69]
Ru/np-MoS; 30 31 [75]
NisPs-Ru 54 52 (78]
Ru-N/BC 51 44 [83]
R-NiRu 16 40 [85]
Rusa@ Ti;C, T, 40.3 90 [87]
NiRu, ;3-BDC 34 32 [88]
Ru/Fe-N-C 9 28 [92]
Runpy/N-C 39 27.6 [93]
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