HERZE: MEFE hFE XXF

2025 & 553% £ 8 HJ: 286109 O OPERSE ) Zeit

SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com SCIENCE CHINA PRESS
i & JE RS RATIR Y ST 5T 48 CrossMark

ERSESEERIIEI N

2R, &m

HRITE AL S 7 TR, K 401331
*k R A, E-mail: pengyu@cqnu.edu.cn

WA H : 2024-09-25; 452 H#: 2024-12-20; W4 H i H 1B 2025-03-10
E X B ARRI RIS (YT 52371148)FIE IR B AR 3 & 00 R R BA 2 4 (%5 CSTB2023NSCQ-LZX0138) % il H

BE FRISGLEAKELF. AEAFWBEETEM, RAL - AR RO I%¥. HEMAF . L4
X, FESGLEEUITRNARMEAZLET 2 XE SRSEMEL, FRAEHET T EMELS. #
AHRMEEEA, WERKEFER L. TEE. EFPLENRACESLA e TEM AT EANBER
B, AT RABERI 6 2MELEE. AXHESR T RS2 RUANLRAE. ZHREUREEN
FUBHY B 77, B R 2T R e o P R AR B AT R

KigiE FEAEE, BUA, EaEE, NAMNE

PACS: 61.43.Er, 71.55.Jv, 78.55.Qr, 82.47.-a, 84.60.-h

1 ERSESENTINELRRIE Al A B AT B AR AR OB 24 T 1980
E. Smith& NOWE S5 L Jm [ PR fb 20 B3RS 7% T

EBE ARG T20t 2N 19504EBrenner AR MA S ST TIE, (2 7T ERESEEE

25 NPER F B IBEA B I 4 TNi-PAER S & 4, Bl AL AT 3 A ). 19864F, van Wonterghem&s
JaNi-PERAS G SR 2 NH T SRR P NI i b 2 SR i) 4% TR RS A &R, W
W2, ZREFESSEEME R TINH. 19594, SEMRL T SRR S S SR, #b

CohenflITurnbull P2 1 T AR E & &M RELE, N
A & MY EREE BT FE B85 1 A, 19604,
Klement Jun.Z N\l 45 A3 KA T —JCAu-
SilEm&EE, EEERSESMARHLIT. A
19604FLICK, dEMmaSA SRR AWM, RINHZ
FEEERL 5EEESME, ERESEEMUER SR
FEME, I R IV 2 5 R SR AS S A S BRI, A%
NERRE B S T e AR,

e T AR A S SEMAL SR (DTN, 201t
080N I, £ B B AT, rh A AL AR
A R A F A A TREERT TR A b A A Al A
FREAL, IR REAT AR b A & S GRS 2 PR S N T RE
BORMIZEREDT T, Sl I A RR SN TR ) BT 4R
%, SEEL T EEGURRE, FRRUE T B RE B A S
. PIA205E A AR A A S AR E R I
N T ZRENH S8BT, 23720054 H R BAR KW

SIRME: R, KM, S S STERCTUIRAR . thREBE P 15 K30, 2025, 55: 286109
Wu Y, Yu P. Application of amorphous alloys in catalysis (in Chinese). Sci Sin-Phys Mech Astron, 2025, 55: 286109, doi: 10.1360/SSPMA-2024-0410

© 2025 (PIERFE) Aktk

www.scichina.com


physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2024-0410&domain=pdf&date_stamp=2025-02-11
https://doi.org/10.1360/SSPMA-2024-0410
www.scichina.com
https://doi.org/10.1360/SSPMA-2024-0410

FAFE. PERRE MELE T RO

2025 F HS5E O H S8

J. Kramer D. Turnbull et al. G.V.Smith etal. J. van Wonterghem et al. K. Lian et al.

Formation theory (L ey Ultrafine

for catalysis amorphous
alloy particles

Amorphous Amorphous

alloys for OER

1934 1950 1959 1960 1981 1986 1986 1989 1992 1994

A Manthirametal.  J.H. Lim etal.
Amorphous

alloys for Lithium  between activity
batteries

1996 1997

C.Zhang etal.  Y.G.Zhaoetal. C.D.Lvetal. L.H.Fuetal.

The relationship Amorphous
he |l

peokonation] M deived

for MOR

Amorphous alloys ~ Amorphous alloys

for degradation for NRR for HOR

and structure

2001 2008 2010 2014 2016 2017 2018 2018 2020 2022

Omemchn oz alloy hous alloy i
; iquid Au-Si 2 for Hydrogenation alloys for
coating. liquid Au-Si for HER iy s siion

A. Brenner et al. P. Duwez et al. G. Kreysa et al. N.N.Zongetal.

B (Mo ED AR f S & S AL U A R AR

J.F. Dengetal.

alloys for water
electrolysis for EOR

M. U. Kleinke et al. G.Ramos-Sincheetal. R.Z. Jiang et al.

Amorphousalloy

oxide-derived for CO;RR

alloys for ORR

Cavalea et al. Y. G. Zhao et al. Q. Liuetal.

Figure 1 (Color online) The development of amorphous alloy in the catalysis fields.
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Figure 2 (Color online) Atomic model (a) and XRD patterns (b) of crystalline and amorphous NizFe alloys [24].
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Figure 3 (Color online) (a) XRD patterns; (b), (c) polarization curves of LSV in 0.5 mol L™ H,SO, (b) and 1 mol L™' KOH (c) solutions; (d) Gibbs
free energy curve of PtsPd;P, surface; (e) the local environment of H* adsorbed at Pt-Pd-Pd sites of Pt;Pd, and PtsPd;P, and the corresponding Gibbs
free energy (AGy,) values; (f) the d-PDOS results and the corresponding d-band center (£q) for the Pt-Pd-Pd sites with different neighboring
environments; (g), (h) DFT results of electron density differences after H* adsorption on Pt-Pd-Pd sites at the PtsPd;P, surface without (g) and with (h)

first neighboring coordination of P [39].
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Table 1 HER catalytic performance of amorphous alloys

A7) LR ok LA T T SCHR
0.5 mol L™ H,S0, o =13 mV
RhRuPtPdIr 1.0 mol L™ PBS o =77 mV 12 h@—100 mA cm™> [41]
1.0 mol L™! KOH o = 65 mV
Feg7C010Ni oZr1oPts 1.0 mol L™' KOH Mo =19 mV 250 h@—500 mA cm ™ [42]
NiZrPt 1.0 mol L™' KOH 7o = 15mV 100 h@—10 mA cm™> [43]
CusoWso 1.0 mol L' KOH 10 = 65 mV 200 h@—100 mA cm™> [44]
Fegs 46Po.42 1.0 mol L' KOH Mo = 436 mV 207 h@—10 mA cm™> [45]
Co-P-B 1.0 mol L' KOH o = 270 mV 10000 CV [46]
CoP 1.0 mol L' KOH 1o = 63 mV 2000 CV [47]
a-CoPSe 1.0 mol L™! KOH Moo = 212 mV 1000 CV [48]
FeCoCrMoCBY 0.5 mol L™ H,S0, oo = 178 mV 120 h@—50 mA ¢cm™ [49]
PdPtCuNiP 0.5 mol L™ H,S0,4 o = 354 mV 6 h@—1.25 V/RHE [50]
Pty5Pd)sNissPss 1.0 mol L™! KOH o =19.8 mV 20 h@—60 mA cm ™ [51]
(FeCoNiBy 75)e7Pt; 1.0 mol L™' KOH o =27 mV 48 h@—20 mA cm ™2 [52]
Fey3.5Si13.sBoCu;Nby 1.0 mol L' KOH o = 174 mV 40 h@CV [53]
FeCoNiAIP 1.0 mol L' KOH o = 134 mV 24 h@—1.34 V/RHE [54]
FeNiCoMoP 1.0 mol L' KOH Nio = 146 mV 24 h@—10 mA cm™> [55]
FeMoPC 0.5 mol L™! H,S0, o = 96 mV 16 h@—10 mA cm ™2 [56]
CugoTiz;Mos 1.0 mol L™" KOH o = 220 mV 20 h@220 mV [571
NigoPs 0.5 mol L™' H,S0, o = 275 mV 1600 CV [58]
NiMo KOH (PH = 10) o = 63.9 mV 100 h@—10 mA cm™> [59]
Ni-Ce-Pr-Ho 1.0 mol L™" KOH o =78 mV 24 h@—10 mA cm ™2 [60]
AIMnYNiCoAu 1.0 mol L' KOH o = 124 mV 18 h@—10 mA cm ™ [61]
MggoNiyg 1.0 mol L™! KOH o = 33.1 mV 100 h@—20 mA ¢cm™ [62]
D-NiNbIrPt 1.0 mol L™! KOH o =19 mV 1000 h@—0.5 A cm ™2 [63]
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Figure 4 (Color online) (a) LSV curves of the Ni-B samples; (b) the calculated H,O, (%) of the corresponding LSV curves; (c) chronoamperometry
of NiB, at 0.4 V/RHE in O,-saturated 0.1 mol L™! KOH (where the disk current density (igis) together with the ring currents (i) [67]; (d) LSV
curves for Pd-Ni-P/C and Pt/C in O,-saturated 0.1 mol L™' KOH (1600 r min™"); (e), (f) HRTEM images for the Pd-Ni-P MGNPs before (¢) and after

(f) 1000 CV cycles [68].
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Figure 5 (Color online) (a) HRTEM image of the as-spun FesoNigB,) MG composite with in situ precipitated FeNi; nanocrystals; (b) HAADEF-
STEM image of the FeNi; nanocrystal, the insets show the FFT patterns of the selected areas; (c) atomic structure of the stepped interface between the
twined FeNi; nanocrystal and MG matrix; (d) schematic illustration of the formation process of the stepped interface architecture during rapid
solidification; (e) OER polarization curves; (f) comparison of the OER activity of the FeNi; nanocrystal/MG composite with various recently reported

transition metal-based electrocatalysts in alkaline; (g) chrono-potentiometric
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curves [76].
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Table 2 OER catalytic performance of amorphous alloys

AL HAL R ik B AR DR SCHR

. 1.0 mol L™" KOH o =216 mV _2
FeCoNiMoVO Wik Mo = 236 mV 100 h@! A cm [82]
FeCoMoPB 1.0 mol L™! KOH 710 = 239 mV 48 h@10 mA cm ™ [83]
NipsFes,,Mns, 1.0 mol L' KOH oo = 282 mV 100 h@100 mA cm ™2 [84]
NigoFes0Bao 1.0 mol L™' KOH o =319 mV 24 h@10 mA cm ™ [85]
FesoNiyNbsP3C, 6.0 mol L' KOH 1o = 248 mV 18 h@10 mA cm™> [86]
FeCoNiCrMo, 1.0 mol L' KOH Moo = 294.5 mV 160 h@100 mA cm ™2 [87]
FeCoNiMoPB 1.0 mol L™' KOH o =281 mV 107 h@10 mA cm ™2 [88]
Feq0C040B1o 1.0 mol L™! KOH o =315 mV 24 h@10 mA cm™? [89]
NisoFe,sB 5Si-P; 1.0 mol L™' KOH o =235 mV 80 h@10 mA cm™ [90]
Co-W-B 1.0 mol L™' KOH o = 292 mV 10 h@300 mV [91]
FeNiCo-ANs 1.0 mol L™' KOH o =274 mV 10 h@30 mA cm™> [92]
Fe5SioBi5 1.0 mol L™' KOH 710 = 240 mV 48 h@10 mA cm™? [93]
NigoFeoBao 1.0 mol L™" KOH 10 = 249 mV 100 h@100 mA cm™ [94]
FC40Ni20C020P15C5 1.0 mol L_l KOH Mo = 236 mV 20 h@330 mV [95]
NiFeCoP 1.0 mol L™! KOH 1o = 245 mV 20 h@10 mA cm™ [96]
(FeCoNi)soP 4By 1.0 mol L™! HCI o = 229 mV 25 h@350 mA cm ™2 [971
FeNiCoP 1.0 mol L™ NaOH o = 281 mV 20 h@10 mA cm ™ [98]
(Fe73.5Si3.sBoNbsCuy)o; sNig 5 1.0 mol L™! KOH 1o = 230 mV - [99]
(Nig4Feo4Bo.)100—xRu, 1.0 mol L™! KOH o = 245 mV 15 h@10 mA cm™2 [100]
Ir,sNis3Tay, 1.0 mol L™' KOH 710 = 266 mV 10 h@10 mA cm™2 [101]
Fe,0C0,7Ni»;SisB;, HEA 1.0 mol L™" KOH o =230 mV 50 h@100 mA cm™> [102]

BRI REE, 3 HBEAKERREA R 0.
S5 TH, HERRISEE TAE LR, sk R AT LY
SR AHELAE FH, TR N e 22 TR, 2 4L
HE T SR PR 0 45 R AR S AR RIS PR A LA FH T A R
T EEILAE . 2 PR G D22 mol LR, HEEA
b B ST A7 B A% 220.31 V/Ag/AgCl, F it IMORIE 1
15F232.5 uA em™ & T MORAT A, AussCuysSizg s J& I
TR BA SR I EOR AL 22 MR RE. 24 Z BRIk P4
JN#2 mol L™'AF, EORMIALHH HLAL M—0.05 V/Ag/AgCl
f [ A% £ —0.18 V/Ag/AgCl, i KiETEMA451 pA cm™
PR FI928 pA em™% HAk, 20204F, BaksiZ AR
T8 1 NigoNbyo 4> B 38 B A = FIMORE RE.
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AT VR OBRSN, ] DL #4124 2 K 1) Fo A
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BN ST R Al AT okl s, RERT

ZATAET AR KN IRB . Tl K)H %,
PR I JR 3 SR S R (UOR) L 2 AN A2 o 20k 1) 0 o e
S OL SRR DL S R IR R R K, IR AR RIER
BE R EEZR L. N T HICUORRERE, JTFRHT
UORM = AU AT 2 U5 2 S

Pei%e NPORIEBH T TR INI-PY K B S (NG)
T H S R A B A s I RERS, T REK 32 2
T B R, R A v A R T B 2 2T s R
P, ZIE MR B AT R R 2 ORI AL AL T
AT SR AE I IINI-P - NG i) 4 s (1 5 R gk L
GER 58 2E BT IR, FEUOR I HIAL T B AL 1 g
HAKSK B, AL HINI-P NGTE H i % FF ik 5
10 mA em ™Y 7 #1.36 V/RHERI B, Tafelf HRAX
N13mV dec™!, UORMEBEIZIL T HAMEIE S 4. Frib
Z AN, Ni-P NG#£1.0 mol L™ KOHVE W+ th B A 1R i
(OERYERE, EIAEHLVR S A F10 mA em ™I 77 2
1.54 V/RHEF B (& 6(a)—(e)). 20244F, Sohel&s AU
HRIE T NigoNbo ¥ K 3 57 Jo ST AE N —Fh A A& 1)
TREER . B CPEUORMEAL . i S5 A A ke
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B 6 (MLZFERE) (a), (b) NG (2)FIMG (b)JHRTEMEIZ. (c) 72 EENGHIMGRIZ e/ A Z K. 4 T J7 B i =
20 K min~'BFNGHIMGRI A 128, A 1 J7 B INGHIMGHZ th 288100 13 2R A (AH) T 28, S b B AHTH 28 R 7Ok P

4. (d) OERHZAL I ZE. (¢) UORMZAL fih 2512

Figure 6 (Color online) (a), (b) HRTEM images of NG (a) and MG (b). (c) The left is a schematic diagram of the potential energy landscape of the
NG and MG. Heat capacity curves of the MG and NG are exhibited on the lower right for the heating rate of 20 K min™'. Enthalpy change (AH) curves
obtained by the integration of the heat capacity curves are displayed on the top right, where the insert is the enlarged image of the AH curves. (d) OER

polarization curves. (e) UOR polarization curves [20].
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Figure 7 (Color online) (a), (b) Visible color change of AO7 solution degraded by FeBC (a) and FePC (b) amorphous ribbons. (c), (d) The
normalized concentration change of AO7 solutions at different degradation cycles of FeBC (c) and FePC (d) ribbons [117]. (¢) HRTEM image of
A@600 film, the inset shows the size distribution of the amorphous phase and crystalline phase. (f) Normalized absorption intensities around 588 nm
as a function of the treatment time, the inset shows the comparison degradation behavior with commercial Fe powder. (g) Comparison of dye
degradation performance (Fenton-like reactions are not included). Degradation rate versus dosage ratio for different metallic glasses and crystalline

ZVI catalysts [118].
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With economic and population growth, the global demand for energy and the pressure on the environment are rapidly
increasing. The over-exploitation and consumption of fossil energy sources have led to a series of problems (such as
energy depletion, environmental pollution, and global warming) that seriously endanger the survival and development of
humankind. Reducing the utilization of fossil energy sources is the key to achieving carbon neutrality and peak carbon
goals. A viable strategy is the development of catalysis, which can produce and store clean, sustainable energy. Different
catalytic processes produce sustainable energy sources depending on different reaction mechanisms, but their realization
and eventual commercialization rely on the development of high-performance catalysts. Amorphous alloys exhibit a
series of excellent mechanical, physical, and chemical properties due to their unique disordered microstructure.
Amorphous alloys, as new and efficient catalysts, have a wide range of applications in the field of energy storage and
conversion. Compared with crystalline materials, they have the following advantages. (1) Amorphous alloys can adjust
their compositional structure within a wide range. (2) Amorphous alloys are isotropic, do not have defects such as grain
boundaries and segregation, and have uniform active sites as well as corrosion resistance. (3) Amorphous alloys can be
prepared under flexible conditions. (4) Amorphous alloys have a high surface energy as well as a high degree of
unsaturated coordination, which enables some chemical reactants and intermediates to be adsorbed on specific sites in an
appropriate form. (5) Amorphous alloys have a metastable structure, which is prone to surface reconstruction under
extreme physical or chemical conditions, changing from inert species to active-phase species. Amorphous alloys, with
their unique structure and performance advantages, make them a catalytic material with great application prospects. This
article briefly summarizes the research progress, performance advantages, and application potential of amorphous alloy
catalysts. Furthermore, the challenges of amorphous alloy catalysts and their prospects are also summarized.
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