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Fig. 1. Preparation of amorphous alloys: (a) Amorphous alloys prepared by rapid melt spinning!*’); (b) amorphous films prepared by

magnetron sputtering!*!

ergy ball milling method[“d.

; (c) amorphous alloys prepared by electrochemical deposition!*”; (d) amorphous alloys prepared by high-en-
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Fig. 2. Advances of amorphous alloy materials in the HER: (a) Schematic diagram illustrating deposition of the Iry;NigsTay,

amorphous alloy film®!; (b) polarization curves of the Iry;NigsTas, Ir and PtBU; (c) Tafel plots of the Iry;NigsTayy, Ir, Pt and Sil®!;

(d) schematic illustration of the fabrication process of the nanoporous/amorphous hybrids®?; (e) polarization curves of the nanopor-

ous Ni/glassy hybrid, Honeycombed nanoporous/amorphous hybrid and Pt/CI?; (f) water adsorption energies for the Ni hep, Pt

top and Pt;;Niys (Pt-top) modelsi®?; (g) calculated free-energy changes in different models!®?.
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Fig. 3. Advances of amorphous alloy materials in the OER: (a) High resolution transmission electron microscopy (HR-TEM) image
of FeyNiyBy, amorphous composite with in situ precipitated FeNi; nanocrystals®; (b) high angle angular dark field-scanning trans-
mission electron microscopy (HAADF-STEM) image of the FeNi; nanocrystal. The insets show the fast Fourier transform (FFT)
patterns of the selected areas®’; (c) HAADF-STEM image of atomic structure for the stepped of the FeNiz nanocrystall®);
(d) schematic illustration of the formation process of the stepped interface architecture during rapid solidification®; (e) schematic
of the detailed OER pathways on the optimal active site of the Fe NiyBy amorphous alloy and FeNiz nanocrystal/Fe;,NiyBgg
amorphous composite surface®; (f) chronopotentiometric curves at 10, 100 and 500 mA- cm 2. The inset: the atomic structure of the
stepped interface after 120 h at the high current density of 500 mA- cm™2 and the electron energy loss spectroscopy elemental map-
ping of the selected areas®; (g) optimized models of small-nanocrystal/amorphous alloy (left) and large-nanocrystal/amorphous al-

loy (right)??”; (h) Gibbs free energy changes of each OER step for different regions/?”.
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Fig. 4. Advances of amorphous alloy materials in the water splitting: (a) Cross-sectional HAADF-STEM image of the nanoporous
HEMG®; (b) high-resolution HAADF-STEM image with SFs in the Pt-rich nanocrystal region®¥; (c) overall water splitting polar-
ization curves®; (d) schematic illustration of the construction for the heterostructured nanoporous HEMGPY; (e) relationship
between AS,;, and catalyst overpotential®!; (f) the generated strain maps from the reconstructed phasel!; (g) STEM image and
EELS line-scanning position and direction!; (h) the d-band centers of HEMG catalysts?*.
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Fig. 5. Advances of amorphous alloy materials in the MOR: (a) Concise process for the fabrication of nanoparticulate metallic glass
materials®; (b) TEM images of Pd—Ni—P NPs[?; (c) selected current density-potential curves during the cyclic voltammetry (CV)
test of different Pd-based catalysts®?; (d) XPS spectra of Pd (3d) for Pd—Ni—P/C, Pd—Ni/C and commercial Pd catalyst??; (e) BF
TEM imaging of the entire cross-section of the polycrystalline Pd and Pd-Au-Si MG NFs and HAADF-STEM image and corres-
ponding EDX mappings. The insets show FFT patterns”®; (f) comparison of the Pd-Au-Si MG NFs with polycrystalline Pd NFsl3!.

A 7)o 3O 19490). A G A Ak b RE T B AL A
Pt MHA SR, BAT LSS A, (H
BRAS 5 | GRS Bl ELIR A PEZ R RIS 4R
EIFRTHRE M, WP T & T 2R L5,
GRSt 4 JB-A -k (M-N-C) ¥k, &) a 1k )/
AEAY . SR AR PO JE A 4
DR - JE P45 44 | g L 3R R 7 LA A S8
SR ENE, B MR R ORR AL Ay AT i 5
L. H R B 45 H R IE AU B TR 2 kR
TEVERL A, I8 R FAS R I TN AR TR T o
KEyaiE2s |, Rk, 1% MGs 78 ORR H Y%L
K F R RS TR A S, BT A AL B
(1) T 2L ).

W& 6 frR, Chen % 071 3F DFET 315 LA
AR REAE RIS PR IR R T Pd—Cu—
SidEfmA 4 (PA-MGs) 7430 Ji g H A 350G
. GEREW, | Cu FEMIAES S & Re Lt
AL RE. X R EREEE T E T F Pd 5

Cu A4y K B s RN, HBENE R f 2544,
M B A AL M BE. B 9T R & B, PA-MGs HA L
SN AR TR A2, AR P g A e 4 1 AR AT A 5]
5 4ALE A | e B A BFRE ST A A X ), AT 3 fA
2T+ ORR 3l /1%, 12 5% e JE46 K, Bk Sifi
SR AL Pd. 854 DL EZEIR, BT iR
TR S R R 4 AR VA I R T R
PL Cu B &AL $ETH L FE5F DT L | DAR A8 T A2 G R
W2 5 B A Siox AR R A IR
P AR 5 5 R4 1 AR 1 P R A R, $8 s T
B A &7 ORRAEL T A RSS2, a8ty
T 107 28 U 5 4 AL AR A TR T
WA TR, Rl et @ L5,
AL BENS B IEIE A 5 R 55, 36 AT B )
LS8, KR THES A 4 ORRIEERE.
FTF I, Liang % 99 1 T —Fh & Tl A
il 2 K Z LA A 4 (NPMG) 1L
BT S, FH T 50 ORR. 1% )5 5% Pty sPos 5

110801-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110801

(a) (c) 0.2 -
a+  p —e=0 Pd77Cuy7Sig Pd(111)—= Pd77Cuy7Sig
; !
— —— 0Si
% 3+ ) ---1Si
B o le— Optimal o >1Si
=1
2 2
1 ]
2 01
z
0 4
at A
T sf
>
)
g /\
0
Ir , '| PdrCugSisy
o Lz . . . |
0.2 0.3 0.4 0.5 0.6 !
.o |
r/nm - I :
b) 3 2 | ] "
(b) : = !
o-¢ of Pd;7Cuy7Sig 2 01F | | 1
be] i |
£ 2r A ; 1
0 I |
2 ) .
&t ! . |
HN ‘, V \ ;
0L L L L L L L .%N L 0 /.\ | \ /-E/\ S
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 —4 -3 -2 -1 0 1

€22/ %

Eo/ev

B 6 dARfhA 4 RAE ORR F 1A HEE  (a) PdCuy;Sig Al PdCugSiy, 142 18] 53 Fi BREL g(r) 07 (b) PdyCuy7Sig 75 2 5 [ (1) 2
Bl AR F R B 3-8 56 B 4R 07 (¢) PdyyCuy;Sig 1 Pdy;CugSiyy 4 HL T 8UIE 2315 P(Ep), 47 1 S W 7 25 J 18] 1 st 8 Ji

g om

Fig. 6. Advances of amorphous alloy materials in the ORR: (a) Radial distribution function g(r) of Pd;;Cuy;Sig il Pd;CugSi7°7;
(b) stress-strain relationship for Pd;;Cu;;Siz under a uniaxial tension in the z direction®”; (c) E, distribution P(Eq) for

Pd;Cu;;Sig Fl Pd;7CugSiy;. Insets: typical atomic structures around the adsorption sites7.
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Fig. 7. Advances of amorphous alloy materials in the degradation dyes: (a) Effects of annealing temperature on Fe;gSigB3 amorph-

ous alloy and (b) Fezs5Si;35BCu;Nby amorphous alloy against methylene blue (MB) dye degradation ratel'®; (c) Fe leaching con-

centration toward surface reactivity and total organic carbon removal ratel”; (d) the evaluation of degradation behaviors with dif-

ferent reaction temperatures®; (e) the Arrhenius plots of A@600 filmsP¥; (f) the cycling degradation performance of A@600 film?.
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Table 1. Statistical data of degradation stability of amorphous alloys.
AL ekt W /(mg- LY JEERRE/ R BRI /min - BAREIRECR /% S50k
AC-2 microwire RhB 25 40 1 50 [38]
Fey;355115 5B9CuyNbgy RR195 100 30 30 90 [106]
Fe;(CrsNizMosW,Siz By BR3B-A 20 45 5 95 [107]
Feg3SisB1P3Cy RhB 45 35 30 90 [43]
FegSigBy3 MB 20 25 20 82.1 [108]
Fe3P0_37B0_53 MB 100 20 20 95 [109]
CoFeSiBy, ol 20 62 20 85 [105]
CuysZrys AOII 50 8 40 90 [110]
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Abstract

The world is currently grappling with the dual challenges of an energy crisis and environmental pollution,
underscoring an urgent demand for clean and efficient energy conversion and pollution remediation technologies.
As the core drivers of chemical reactions, catalysts play an indispensable role in lowering activation energy and
enhancing reaction efficiency, and are thus widely applied in fuel cells, water electrolysis for hydrogen
production, and pollutant purification. However, conventional catalysts often face limitations in activity,
stability, and resource sustainability. In particular, the high cost and scarcity of precious metals severely hinder
their large-scale deployment. Consequently, the development of novel catalytic materials that simultaneously
offer high efficiency, robust stability, and environmental compatibility has become a inevitable trend.
Amorphous alloys, characterized by their long-range disordered yet short-range ordered atomic structures and
tunable compositions, exhibit unique catalytic advantages. Their metastable nature and amorphous structure
yield abundant low-coordinated and unsaturated atomic sites, which serve as highly active catalytic centers.
Moreover, their multi-element alloy composition enables flexible modulation of electronic structures, thereby
optimizing adsorption energies for reaction intermediates. Additional strategies, such as the construction of
nanoporous architectures, can further increase specific surface area and enhance mass transport. Combined with
their excellent corrosion resistance and environmental benignity, metallic glasses represent a compelling
platform for catalytic applications. In recent years, they have demonstrated remarkable performance and broad
application potential in various electrocatalytic reactions, including the hydrogen evolution reaction (HER),
oxygen evolution reaction (OER), pollutant degradation, hydrogen oxidation reaction (HOR), and methanol
oxidation reaction (MOR). This review systematically consolidates recent advances in the application of
amorphous alloys in energy and environmental catalysis, with a focus on elucidating the underlying
relationships among composition, structure, and catalytic performance. By doing so, it aims to offer valuable

insights and strategic guidance for the design and implementation of next-generation metallic glass catalysts.
Keywords: amorphous alloy, catalysis, structural regulation, order regulation
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