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) Ru NC-SA FR G330 fe 3 i %) S0 B = A B A
HIfiE (0.053 eV) FIKff B e 42 (0.12 eV), UtIHIZ4S
¥ HAG fc B HER B LTS (8] 6(d)). P #5844
AT DA RO Ru AR S0REENR Z A 456 Be A &
Ru-N BYHUTE A EAEF, DA Ru 5 A B 7457 15,
F14) e 5 910 0 R, A O 2R & U 7 i T FL AR R
7 It R v Y SR AR BBV, BT Ak R 4 RS e
WE 6((e)—() FizR, MR PR TP 3
MR RALZETEYE (8 mV vs. 10 mA-cm ~ Fl 132 mV vs.
1000 mA-cm ) K AT #AELENE (100 000 FEFEH

1A 5 mV it AN 76 600 mA-cm © T, HaEiE
£7 1000 h).

R o8 IR A T B PR, FRATTZ R 1 DA
YEXTEE. 4253 M RIE . 505 Ru 8 50— AT e A
LA HER PERE, DL A H AL Ru £t AL 5 F1E Ru
AP HER PERE. 3 1 AT, Ru 5E 507+ F1
AT ALY HER PEBROE T Pt B A0, H anmi
Frid, A& 1E B G T M TRl gs A . i
Ak, %t AR Ru S Ak 550 A EE 5t 4 T8 1L 7], Ru
PAE RN A AL R B HER 4 RE D) o HLAE 34

&1 1.0 mol'L" KOH AR LA HER M4k
Table 1 HER properties of catalysts at 1.0 mol-L”' KOH

Type Catalyst 1o /mV Tafel slope/(mV-dec ') Ref.

Au@Ru 67 114.8 [12]

Ru/NC 24 29 [28]

Homologous Ru single-atom and clusters Ry ZnFel0, 101 > 2]
Ru ADC 18 41 [30]

CNT-V-Fe-Ru 64 41 [31]

NMC-Rugy ine 5.0 55 [32]

Ru—Cr,(OH), 45 - [33]

Ru-CrO,@CN 7.0 30.1 [34]

Heterologous Ru single-atom and clusters Ru@Cr-FeMOF 2! 2601 133
Pt, 4,-Ru/Acet 17 33.34 [36]

Ru/Cd, ,Se, 6.3 - [37]

Ruganp-PNCFs 8.0 217 [38]

* NiCe,/NM 169 49 [39]

Ru,P/Ir,P 232 30.7 [40]

IrMo-CBC 12 28.06 [11]

Pt-Ru/Ru0O, 18 18.5 [41]

Other Ru- and non-Ru-based catalysts W/WO, 35 34 [42]
Ru-VC,/C 21 41 [43]

CoFeW-LDH 41 35 [44]

20%Pt/C 30 28 [45]

a. 17, potential vs. current density of 10 mA-cm”; b. 7500, potential vs. current density of 500 mA-cm; c. Approximate value.

3 FitE5RE

PRI 28 FhL K S 0 F B2 SR HER F S I LR
TR D2, MER T Ru 3 60700 A1 D R4 3
FH T H AL B HER ROBFSEE . H AT, S

FIEATOE S B PERE, (HEAFAE LT A 2 2 B
PR A AT 04 5 4 A BB R BIL AR 1 AN 58 i 2. S
B A, BN IR S 5N A B S REd A, AT
S P PENL R, P S o B EURFE TP L3
FEE T, DA T 52 060 BV B4R AR - e £ . AR
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J, BRI AR AR A 7R T LA 45 B A R Ao
EAOLHY, LR BN, 8 bR 0 A
R BHOTIEEE U, TWIRRERGE TR &
W7k B BITT R Z ok B Rt 1R K Ad B
5, BORTE T I AR TR R RA A, bR
PE— PR AR B AL R0, FRE T2,
AN Tl & A

BB, Ru LG8 HER FLAE AL A B9 38
{5 B AERERR T I I BE, 18 D) BT A5 T 1 1 B
HAEREDL S AT T Tl A s gk i . &
J& Ru fE 2 Pt #Y—RRARA A 5 A2 AU, A 2 A
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Ru-based Single-atom and Cluster Catalysts for
Alkaline Hydrogen Evolution Reaction

DAI Zi-ruo, WANG Hai-bin, CONG Yuan—yuan*
(School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In recent years, single-atom catalysts (SAC) have been widely studied because of their high atomic
utilization and low metal loading. However, due to the high surface free energy of SAC, the atoms are in an
unstable state and are easily to agglomerate during synthesis or catalysis process. The activity of ruthenium (Ru)
SACs for alkaline hydrogen evolution reaction (HER) is not very high. Combining single atom and clusters with
different active sites can break through the bottleneck of single atom catalysis in reaction intermediates to some
extent. The synergistic competition effect between SAC and cluster catalyst can significantly improve catalyst
performance. Herein, the research of ruthenium single atom and cluster catalysts on alkaline HER is reviewed, and
the mechanism of alkaline HER is briefly described. Finally, the challenges faced by alkaline HER Ru-based
catalysts are presented.

Key words: alkaline hydrogen evolution reaction; Ru-based electrocatalysts; single-atom and clusters
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