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Abstract: The high-entropy metallic glasses, as a new kind of alloyed materials, have attracted
considerable attention due to its excellent mechanical, anti-corrosion and magnetic properties and so
forth, which combines the advantages of high-entropy alloys and metallic glasses. Herein, a
comprehensive understanding of the concepts and features of high-entropy metallic glasses was
provided as well as its preparation methods, distinguished structure and performance characteristics.
The recent developments in the corrosion resistance mechanism and anti-corrosion properties were
summarized. A new paradigm of using machine learning to design high-entropy metallic glasses was
prospected. It was also pointed out that the precondition to the extensive use of this sort of materials
is to explore the corrosion failure mechanism under the working conditions, and to achieve the micro-
corrosion resistance mechanism perfection and its preparation process optimization. At present, the
applied basic research on the development of high-entropy metallic glasses and its corrosion resistance
will provide advanced technical support and material guarantee for the “Marching into the deep ocean”
of China’s marine industry.
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Table 1 Preparation methods and characteristics of high-entropy metallic glasses
Characteristic
Form Component Preparation method Performance Reference
d./mm or phase Hardness o
characteristic
Bulk Gdzo Thao Dy Alyg Co(NiD) 20 Vacuum arc melting+ 1 Excellent soft magnetic [24]
Erz0 Dy20 Cozo Alzg Gdao copper mold casting 1.5 and room-temperature [25]
Erz0 Dy20 Cozo Alzg Tmao 1 magnetocaloric [25]
Fezs Cozs Nigs Mos Pio Big Fluxing treatment and 1.2 properties [26]
J-quenching technique
Tis0 Zr20 Cuzo Nizo Bezo Copper mold injection 3 High fracture strength & [27]
casting method good GFA
Tizo Zr20 Hizo Cugo Nigg 1.5 Good mechanical properties [10]
Pdy Ptao Cuzo Nizg Pag Fluxed water quenching 10 [2]
FeCrAlCuNiSi MA+ ultrahigh pressure 1100- Anti-corrosion & excellent [28]
consolidation 1120HV mechanical properties
CuMnTiMoCrFe Uniform droplets spraying 1200HV As a consumable for 3D [29]
micro-fabrication method printing
Fezo Nizo Crzs Mois (Po.s Co.2 - Induction-melting 1 1107HV Exceptional thermal stability [30]
Bo.2)20 method &. corrosion resistance
Cazo Mg20 Znzo Srz0 Ybzo >2 Bio-corrosion & [12]
biocompatibility
Zn20Caso Srao Yhao (Lio. 55 3 Good conductivity, [1]
Mgy, 15) 20 polymerlike thermoplastic
manufacturability & ultr-
alow elastic moduli
Tirs.7Zr16.7 Hits. 7 Cuye. 7 A copper mould suction >15 High fracture strength [31]
Niys. 7 Beis. 7 casting technique
Thin (FeCoND 25 (AITiZr) 75 DC/RF/reactive FCC+amorphous Anti-corrosion property, [32]
film/ magnetron sputtering and nanocrystalline good tribological
coatings (TiAICrNbY)-C FCC+amorphous performance, excellent [33]
(AICrSIiTiZr) 77.6 Nao. 4 Amorphous thermal stability & [34]
TiAICrSIV superior tensile properties [35]
Ge,NbTaTiZr (x=0.5, 1) [13]
AlCrTaTiZr [36]
Aly. 3 CoCrFeNi with Ni-P Electroless-plating [37]
amorphous film method
FeCrCoNiSiB Laser cladding FCC+amorphous [38]
FeCoNiBSi FCC+BCCH+ 400H V.1 [39]
amorphous
Ribbon Gdao ThaoDy2o Alyy Fesg Arc melting+ spinning Amorphous Large magnetocaloric [24]
Cu roller effect
Zrz Tizo Hizo Cuzo Cogo Melt spinning+ copper Good mechanical [10]
Zr30 Tizo Hizo Cuzo Feso mold casting method properties
(Fe,Co,Ni,Cr,Mo)-B Melt spinning [18]
Al Ceso Laszo Nizo Yoo Arc melting+ the Potential-upsurge in the [20]
melt-spun technique apparent activation energy
of tensile creep
Powder FeCoNiSiy. 4 Alg. 4 As-cast dry-milling Nano-crystal and Tuning magnetic [40]
process nano-amorphous properties
Zr;. 5 FeNiSig. 1 Bo.s MA method Full amorphous High thermal stability [41]
(milling 180 h)
Metal Alp, s CoCrFeNi Ball milling+SPS (Amorphous/nano- Outstanding yield [42]
matrix HEA particle reinforced crystalline) + strength & low
composites  Algs Cuig, s Tiis. 5 1D layer+ (BCC+ plasticity

amorphous alloy

composite

FCO)
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SR P U DR 1 kBB A I R SE Oy K R
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()3 A WA IX S5 L AT, = 65 K, 2 1k B 38 5 A0 18 i
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Srz Cazo Yoo Mgz Zni, Cuyg %%E’Elﬁlé(ﬂ% s ,E:?"]’HQIEZI%
FEARIRE T, 4354 0.56 5 0,55, Li %00 38 1 4 [H]
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Niz, Cras Mos (P 5 Co o By 2 )0 B 4E FCHE E Ry 974H V., JH
NRSRIE o =3. 3 GPa, WA XL AT, =69 K, Z51L3
TSR ARRIE T, =0.526, Jif Azl 4 R FIHLAE A 41k
A A il 28 T2 A% T —Fh B etk 975 oAk S
SREEAEENE I EEELS S E RS HEHRE T
MR AE 1100~1120HV B HE 4 )+ L FeCrAlCuNiS 5
TR S A 4 20 H Ak 2 R e L ol 1 £ T 3041 R
B .
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BWOLHEEH AR B & A W25 M 456 R
L A IR ZBUR S L BRAESEDY SR HZ O kS
T —RhAE A R R Tk 64, 3% (R FR AR $0 i T e
FEAE A AR R S WA I K B . TR R R T Y
SJHAOGEE, W IREE EE7E 400HV,, DA | & AR
ik 0 I U R AR AE B8, R ERE ML 5. Shu 0
Wit % T 2318 T FeCrCoNiSiB & @k g 2, Horp
e dh /AR E B AR S A S 49% (R 80, Hisy
FCC v-(Fe, ND B, TR A2 00 B S L 32 2202
LS5 RN A A B AT, LR &/ A R 2 B 40 LR 2
PR 25, 9% . WEFETTHOR A U B fa e, T

SRR GG 1 AN Gy s g ] R
G (O IO SRR i, T 32 W T U 2 o Y it i R
7= Liu S8V SR FH U0 R 45 0 S0k AR 1 MR IR A R0
145 T BB A FeCoNiCuVZrAl & 4 JE &b v i,
LR B AN A FCOAR i A 5 v 38 12 GPa Al 166 GPa,
Hsueh 88" SR FH 53t 5N 1 8 6 5 14 O 5 7E 6061 48
A 4 AR A B9 B B4 Bl 25 T (AICTSITIZe) 0. N,
5 4 W L B9 T RS R R R IS g R X 4 v R
T 5 ek P R ) R M A AN i R A R 8 SR T A
SN 30 0 I W G 4 v TR AT o A ) T el P B
2w o — 100 VI A &8 T (AICeSIiTiZo N
AV 7 AL B T ol R X 2 R SRy R A e ] S S A B
AL N FN A AE FE N /7 . Braic 25 7E Ar+CH,
AR s R T RN R A T S G IR R P i A& T
(TIAICTNbY) C i A 4 itk b 4 5 L BF 5%k Bk
It 2% 5 V) YRS 1 RO 45 4, R B e 1 TR R S o8 A
1) FCC AL 1 Mt & it 46 %0 R F 3050 F
) 1 55% B, B4k B1 5 30 NaCl B [ 0 57 )5 45 #4
(FCO), I HEA (11D BRI s X fi & 524 69 Yo Al
82 Yo I}, e S AR A A A5 4
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SO0 R 2 — Ay LA AT B AR R A R .
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1R A 4 IR BRI 5 B0 R B ) A A A L G 4 A
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BRI A A R R R R R A & E G M. Zhang
SEUOTRFH B AR R AE R S AT AT S 0 R0 ) E R R
PR A Sl T B EREEPL B EE 60 h il £ 1 B
A7 BURE 49 K R4 K A & O 25 /) 1Y) v A A R R
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YN, PR PR E 22 ] T A AR A B AR A
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SUI R AZHE AR A T 4 PR 20 pm 19 (TiZr
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BH B AT 2 . 3% 2 20 A AR S A RS R L
BB B HL A 2 S 2 Rl 3k 2 ]
UL o A et B ke LB BB RO R AR

JE ot 4 4050 1) 10 B /0 5 RGBS ok L O R B AR Bk A R

x2 BRERCEEERNNEMBBEULESH
Table 2 Electrochemical parameters of HE-MGs and common steel material

Material Corrosive environment Econ/V icorr/ (A * cm™?) R,/(kQ +cm ?) Reference
VAITiCrSi Artificial sea water —0. 285 4.68X10° [49]
CuZrAlTiNiSi Seawater solution —1. 140 6.21xX10* [50]
Fesy Cozq Nizy Vi Siiz By 0.1 mol/L NaCl —0. 400 5.21X10 6 [51]
Fesq Cozq Nizy Crg Siiz By 0.1 mol/L NaCl —0.270 1.25X10 6
Fes1 Cozq Nizg Mog Siis By 0.1 mol/L NaCl —0.490 3.70X10°
Fe?* Cosq Nizg Nbg Sirs By 0.1 mol/L NaCl —0. 380 4,89X10°¢
Feso Nig Cras Moys (P, C,B) 2 0.5 mol/L H2SOy 1.98X10°* 2.30X10° [30]

3% NaCl 0.77X10* 3.80X10°

1 mol/L HCI 2.26X10* 7.30X10°
(Fe,Co,Ni,Cr)g B2 0.1 mol/L H,SO, —0. 226 1.79X10°7 [52]

0.1 mol/LL HCI —0.158 6.26X10°

3.5%NaCl —0.153 3.66X10°7
FeSiBAINiCoy. 2 3.5%NaCl —1. 370 1.04X10°7 [53]
FeSiBAINiCoy. s 3.5%NaCl —0. 860 4,.79X10°7
Fes Cry Al, CuNiy Sis 3. 5%NaCl —0.190 4.00X10°6 [28]
(FeCoND 5 (AlTiZr) 75 3. 5%NaCl —0. 260 6.20X10 ¢ 422.00 [32]
TiAICrSiV 3.5%NaCl —0.541 6.14X10°¢ 11. 36 [54]
Vio.4Nbio. s Moo, s Tain. 2 3.5%NaCl 0. 060 1.50X 1077 172. 80 [55]
Wio.5Cri6.5Bas. 6
SS 310 3. 5% NaCl —0. 310 1.36X10°6 19.12
45 steel 3.5%NaCl —0.712 3.72X10°°°6 7.62 [56
SS 304 3.5%NaCl —0. 282 1.69x107 [57
SS 3161 3. 5%NaCl —0.164 5.38X10°¢
1Cr18Ni9Ti 3.5%NaCl —0. 215 7.44 X108
Q235 steel 3.5 %NaCl —0.570 7.10X10 ¢ [58]
T10 steel Seawater solution —1.050 6.39X10* 50
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Fig.1 Surface morphologies of samples after polarization test in artificial sea water[**]  (a)304 stainless steel; (b) VAITiICrSi HEAF
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Fig. 2 Electrochemical measurement of Fe;Cry Al CuNiy Sis HE-MGs and 304 stainless steel in 3. 5% NaCl solution-28]

(a) potentiodynamic polarization curves; (b) Nyquist plots
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