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Fig. 1 Schematic diagram of hydrogen production process by water electrolysis
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PUCHEALF ™ MfiT38 % B, 5 9 PdyNioCu Py
EMEEEMTET RSB TEE At 1
i, W 2(e) R, PdNiyCuy Py LIAEFMR 223
PE IR 1000 UK Ji5 2o HL A A A, A 76 mV FEAR
48.5 mV, IXALEAR A G AR T s
PR R A

H 5 4 A SRR A 1o FLBERAR i, BIFSE N I
Ao ERAE AR AR AR X Bt 4R 1R . Wang %R
FE2E G ETT R T —F a8 & 5 &8 1 Hot
FeCoMoPBHE A S 4, ZIEMEB G EEAM TN
it OERHEALAE 17, 7 500 mA/em® KHLF % R it
HLOZ M 331 mV, A Mo TG R 2515 & il F B Sk A 7
Sk, AR R AR L B DI R oA, AT 5 2 2%
SRR T, [, FOTIERAS S S ek

22]

TR T ZFE A A, RS R RREAL OER 1 R 1
HifE ™

Cu SE A0[RI R BLAE T 1 S5 1 0 i D e
PP BE . I, T A S S I R s ik
BRG] — R G0 o B BT ) CaW HE S S
S 3(a)), XFPCu5EWHLRFLS, AT
BEWEEIER, 27T CaW RS A S TEN R
J I I A A PR AR A M. 7E 10 mA/em”
AHL R BE AR, Had LA 65 mVEI3(b, ¢)],
I 7E 100 mA/em” B LU BE N, %6 S Redr 4k
4L 200 h 2L E[E3(d, e)]. H¥E % 7 B g
(density functional theory, DFT) [ 115 45 5, CuW
FEMEE B2 U BA GHEATEE, 2R HEA
W B 5 A 30T PR BRI 0 eV, T H: @ B AL R
E M A T F W ot 2 R R RO S 00 BT JES l

PEfE.

K2 (a)PdNi,CusPa E A S 4 48R 22 (linear sweep voltammetry, LSV ) 2L,
(b) B H PUCHEALFI LSV 14k 5 (o) fitfbFase
Fig. 2 LSV curve of (a) Pd,,Ni,Cus,P,, amorphous alloy and (b) commercial Pt/C catalyst; (¢ ) Catalytic stability 2
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K3 CaWAEFEGEM(a) XRD A (b) LSV L | () A2 S AL R 5 (d) Cugy W B A B 5 R PYC TR
FE MR (e) CuW ARSZS | AR E A HER G ME S TEVERN [L
Fig. 3 (a)XRD patterns, (h) LSV curves, and (c) relationship between chemical composition and overpotential of the CuW amorphous

alloys; (d) Comparison of cyclic stability curves of Cus,Ws, amorphous alloy and commercial Pt/C; (e) Comparison of HER activity and stability

of CuW amorphous and crystalline alloys'

1.2 fiESH#

Mg At S5 A E A — o 2 e 2 B i S R
HE L) MgH, 1T 7R 6 S0 RE 1 P8 31 7.6%(J5T
it SR RE ), [RIIE R S i R PR LT i v
Z Mg B R TR, XEMRHL A B T i A
BeRE L ARa, Mg Bt SR RE R IR T A fig
SEELAT A A, X R N B A T
M, TAER, ENAMAE RS T 2 Mo Mg
FIEMSHEAGE. SEEMBEGEMIL, JEMHE
G HEIE L), A2 EmdEE,
AT B R A R A (], a8 T KR
T B T450, Mg RAEMS A SR T
5 % LB T RV L) ik S st S

MM B T —Fh g vk, RIARIIOC
RIRGRHETHA &, Db Mgk A&
G IEEPERE . AT A — BT A Mg R
m A E G 4, HAEEURERE 2150 C, fiftE =
5%, HiEtEmes TR, Kl4(a, b)JB/R T Mg
FAEME S & L E Y 4 PE L 2 5095 (high
resolution transmission electron microscope, HRTEM )
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FE, e TIREUG & AEBEE SRS . 51 5% 5
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TR SRR T 1729200 “Co B 4(d) JBR T A
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RO Mg SR S B SRR EE . 735, TFRA
TR FH 22 B0 s S S B AR il 4 T A [ JEE B 1) Mg
Sl A A AW, R FIFE 50 nm & 500 nm
ZIE, WE4(e) Fis. BEGR RSN, SR
TP HOE B 4, W, A o R R, A
YPRREET, Mg AR MG 47E 120 “CRIA] L 5E
A R, X R SRR RS S
SRR [ 4(6) ], IRALAE RS G SR SRR T
RERS 5¢ 2K FLIFF 454, IESE T HAE b —2K58 4
AL CHT R SR T
1.3 KPHBEEM

b N I R o NGRS 1B S B S N R A
P, B CRRON A PO L e, AT
FEUEI T AR S A 7R S Ml ik K PR B Tt O FH A
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[zl 4 ( a, b) ngocemNimjgﬁlﬁﬁéﬁ\ﬂéﬂ%'f’t%ﬁg HRTEM [g H (C ) MgﬁsceloNizoxs j'f Eﬁﬂ?&&%i\%’fh% E@Hﬁéi Eﬁﬂgjé H ( d) %ﬁ?’ﬂﬁﬁ?‘%
ARG S AR ZRINEER; (e, £)300 nm 1250 nm [ Mg FEAE A A 4 WA A AT SEM EIUFIAG IR & 8h 124 i 2k
Fig. 4 (a, b) HRTEM images of Mgg,Ce,Ni,, amorphous alloy and hydride; (¢ ) Dehydrogenation curve of MggCe,(Ni,X; amorphous alloy

hydride; (d) Dehydrogenation temperature and mixing enthalpy of alloying elements and hydrogen *"’; (e, ) Cross-sectional SEM images

and cyclic dehydrogenation kinetic curves of 300 nm and 250 nm Mg-based amorphous alloy films

HISi R SFRAR e H Ao, I 38 i i A 35 (oxide
glasses, OG) Fl— L8474 HF 4L B T HL 555 55
et —lg, SR, OGAHR #5221 S i A 95 1k
AL 2 B T I AROR R A A e R
A HL AR AR SR, AR OG I AT AR
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fto Kim 28 (i ] Cu-Ze-AlHE S & S B AR AE 06,
FE Ag IR Si A5l =2 6] 5 & Si-Cu-Ag 3 i S0
R, 76 Sidb i T2 ALY Ag A A S22 80 H 81 = £ 4=
FHIR[E 5(a, bl XML ERS T
Ag AR Si & S0 2 [a] 2 Al B i, DA TS5 1 PR
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BI5  (a,b)Sidf i ERAT Agfivhii ALY NisCo, 11t 42 11 2 A BRI 7 (8 8 F HRTEM #1145
(c) HLYIL - IR (1-V) 2 Fe th 254
Fig. 5 (a, b) HAADF image and HRTEM image of Al;;Y,Ni;Co, amorphous alloy with Ag grains on Si wafer;

(¢) I-V curves and battery parameters

MR ZEEE G, JFEm 7SR Kim %X 2
P ALZEAE S A S D BRE BB T4 LRSS, R B
Al Y NisCo, JF A 4 BAT e HE R B G b fE
M5 Ag R G I 5 Si il b 20 28 i s ST B fih H i
B, TERRECIR A4 (1 sun) FEEFR T 19.6% HGAR
R K 5(e) ]
14 #EEFHBMESERM

BT T H R H AR kA BT 1 it RE &R
Gi. TEFRES MBI, SRR HL AR i BT AE
238 U R 9 445 - H fige 0T 23 1T (solid electrolyte
interphase, SEI) FIZEAR, F:E0H WA R T B
il FHSRHRAE S A VB R Si, Li BHAR A ERAR A 2 —Fh
BRI, BT, AL-Si-Ni il AL-Si-Mn dE f & 42
WIS T LA 4 8 BE M A AT BRIk
Hb, FETHE S ZnP, 3l i m sk B A T s i 2 0 2
B AR ZnP,/Zn,(PO,)/P/C, JR I H DT B L 780k
HUPERE. 2 RHI 22 LG5 F R4S ] () PR AR B
BT THE PR S, 15 Alg s T
TEFR 2200 Y 25 B A5 5 R ik 92.3% ', o BB AR
2 T H1 1 (anode-free lithium-ion batteries, AFLB) %
IR R ARG B it — A TS AT . Kim
5 fi PR IR S T 25 7E AFLB BRI 42 s 2% 130T
FUTJEEE A 12 nm B4 Zey, Cu,, Niy AL A G B4 IR (i
HRZr-MG) o 1EH—UGEHAERR T, Ze-MG Jy Li 5%
JRERAE T BT KA Lidlh A7 S 5 IR BT, X R
T A LA, I 7R Y ECRR AR 5 0% AR TR
[ 6(a~d)], DL LiFePO, h B A4 AL 44 42 (1) 4 F 3t
7R 125.9 mAh/g 1= E UOICR A & . 7E 100 K7
W5, BRI A N 4 2 IR 3(63.6%)
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MZECRCER(99.6%) [ 6(e)].
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B R R PERE . RIS I AR R 2 1 ]
R S R BE 114 HF SR CuZe &5 2 B A AT B 43 Ak
B, RAFACIER CuZe dE i B S IR B Cutk e 451
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FIHH SORRA Y, X S A T P EAE R AR
7€ SELJTB IR ERAS b B AR K . % B 5 LiFePO, B
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1 4 L EL AT R RO PR SRR R, B ORI A
145 mAh/g. 200RTEIN G, HAA SRR R 87.5%,
FRIECREEN 99.5% .
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e A AR, B S LT s 5 4 R
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FR AR A AR R W] I 25 4R i H A B R A
N

L R Lt L L L b R LG P b, ) DRI
(EEE A 2 (R G FRL I e L2 53K 1675 mAb/g,
SHRLTTG Rt BRI L AR IK 675 mAh/g) & R A H
BRI R MR R LA R A A AR O
B, I TR 0 R AT S, SR, ERA L
BRIMR Tl . 0k i ZERR 50N LA B L R 17
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K6 (a~d) Zr-MG 2 Hil 4 i g5 FIRR AR Fi 5 ) T i AT
AT SEM 1155 (e) HLB YRR RE
Fig. 6 (a~d) Top surface and cross-sectional SEM images of

Zr-MG coated copper current collector and bare copper current

collector; (e) Battery cycling performance ™

T 2R, IRV R AR R Ak R
JAr A K 5| AT REAL RS, Lu 26 iR T — A
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1.5 KEFEEFBIM

K FR PR T R R e A | ARSAS RN ER
R, O R AR RE SR A Sk AR 2
—o B E NN EA IR i (820 mAh/g). Afk
ALK DA S I8 = AR, [RIR 7K &
IR A PR PRV — 2D 4R T 1 s 22 4
FIRRAE R, SR, 7K R 8 H b Y 07 FH AT T s LA
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BEUTRT(002) b TR AR K, DA T S 38 10 A
IR, S, SR AIN/Ag (472 8 Sl /e
1 mA/em® F1 1 mAh/em’ (8 2544 T S8 T 2 2600 h
HRAES . Mok, LT AIN/Ag AP Z A 4 it
(ZnlMn,,V (0, -nH,0) 7E5 A/g I HL T 2 1 R &0
8000 KGN G , Z5mIRFFRAI AL 51%, KA
SOTEA R S i ERE . BT A ATy
PERTIUTRT R . IR b 2B K D S by U8
T, SRk ZR A ST LT Y P RE SR TR TR B
UE S
1.6 BRBE=R

Ak i A & e A2 T r N B R e
FHREREAR, HTIEMEGER SR FEE
PEYIR, TR SR L B S e R ALY
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. ZEF 345550 5 W NiyyZrg Fl NiygTisZr,s Al JE f e
SHATHA ST, BB ARIT LT R AR
(4 = BRGSO R P B 7 7 NiygTiZirssAl JE
A e e, AR R T —
P22 O, H B ZI R T sh ik, AR AR R FR 1 25
AR AR SRR () S ST AR ESH , TESRAnTE 7(a) f
Ro ZHMLAEO0.5 Alem’ I LR H 7453 Flem® 1Y 1
WAL EL 2 [ 7(h) ], FEXT NiyoZrg B S A Gl A T
G A AbHE, AFFEN D3I A R Pk 2 (HE) 1
WRE, I Hb IR TR R EIE A, INITE R T
DGR ZALTRBE A, WK 7(c) Fin, ZHk
1£0.5 Alem’ Bf HAT 640 Flem® B9 LA [ B 7(d)],
Ry, B G & A LS SR wE, 4
HLBR S [T 180T, A5REARTF 91.0% M= AR FE %
1.7 xee# R
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WAL, X IRAE AR S5 b Rk Re e h TR
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lg 7 Ni45Ti2()Zr25All(Jjhﬂ%%i\ﬂﬁééﬁ H(J ( a) SEM Fé—]f% 5 (b ) Eﬁi EE EHE] éjé 3 NigZrg, jE ﬁ%%ﬁ’z\%ﬂ%%ﬁ’z\)ﬁ( c ) SEM [g/f% s
(d) 7l 2k
Fig. 7 (a)SEM image and (b) charge/discharge curve of NiTi,Zry;Al,, amorphous alloy after dealloying; (¢) SEM image and

(d) charge/discharge curve of Ni,Zry, amorphous strip alloy after dealloying "
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H1 78 B AL B S HESAR 25 5 7 A D3 R 2
7, DR SRR o - 0 oK B A2 S A T LA R T
BB BE DA A7 SO MR BE . H 20 THE40 90 4R AR LA
o, EINAMZBHIT S i PRE EE [ B AR
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KR ] 42175 ) 2l - 2K SR S R, ISR
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Pl BB RET | SRR T SRR 7
W5 T RE T R ITSE . 3 3 b 308 24 I it -
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e | A . ALSE), LA Rt
APTHERE, e AR e . R
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Table 1 Performance comparison of amorphous alloys in applications of energy storage and conversion
o 4Tk e f e dem PERER IR g Pk Sk
S HLA 76 mV
faxin Vi e/ I
By (G0 men'), e TERRUMBRIRALRRGE o o o i, vems
Pd-'u)Nlu)(Juszojls Fﬁ!%% ‘rﬁ:’]’jﬂ?ﬁm PUC ’Péé E'E =] (:l-ﬁ‘mt'fM‘ﬁ 5 ?é‘fﬁ:fﬂﬂﬁﬁ Vsﬁﬂ% [23 J
e SR TR
LA I S AR A5 YN S 331 mV FEZ ARG AR T e m
FeCoMoPBIEREE 500 maven’) 4%, W OFR 1 i fRI R 24
JEHLA 65 mV Cu'5 W D FRIVE AL ) .
ey - IR
CuWAEM A4 (10 mA/em’) IR T, SRR A z;i ﬁ;?fy?ﬁ%mhm [25]
200 h DL IR 7 11 H ABHEE 0 oV * a
R 5%, A
IREE 150 C, gkfe RTFHEL), (b SR ARG SR, 7
vy | [=IPAN -
L Mg Bkiker A 120 AT A WA e SIS S 27291
W
) SR AR AR
SARFEHAL A 19.6% B AR
KR CozeAl s ORI b, gty L GRS
(1 sun) ey FasE PERN A
£ LYpiN=:y
ALSi-NiAE S A 4 PR A Lidfi AL SERPERFHE DRSS, T 4 R FE R A AR [32]
) S AL BRI R K T 0 5 R e
R T HL A 4 EHIKR AR
J L ) 145 mAh/g T 2007 B E Y A E SEL T — R TR B TR ER
CuZe-D*AEf A4 PN e ) . . P [36]
TEA G A R 2, B IR T AR K Fan AR IERE
87.5%
I 2600 hEFR A
. . AIN/AgAE A2 (1 mA/em®); 75 Alg WGBSR R, Ziral  Wrilb— bR R B
Z :/n BT 3 b
ARBETR T 8000 YCBIRIR 4R L SR 45
PrEERS51%
IAFRLLHAE 7453 Flem®
= HER T RVRE LG TE, I TRt TR A hE
TR NiTiZr AL AR A4 (05 Alem'); 251807 10— 7 iy [47)
IE LA 01.0% SR A 5 B P AR T
— Fedk Nidk, ZrdbdESh  PLSds THaEmtbE R o WY 5 o R v T Al T N v e L a1 B S @ [48.49]
S G4 g, WA R R F AR ORI E Y] AT R IR E

HER JZ . OER KW . HE A4 . B2 it Rl
PR L A
22 FAEXZEENWETHKRZFLIERES
IR S Ve TORR, i a2 A e i
B, AT AR GOk ZALAE A SRR, A RERE
DA A S i A 25 T IR DL o AR 50 ol ik 48
PEAAR M 25 T Ze GO ZALAER B 4. BT
KA AA KRR, HERGEE&EE
YRR, Rz R R AR UL A R
R SR, O A 8h 2 e kR i A 4
M ALEE G E SR TFAPN R IS
Fe, Si,B, A4 1E 2 M NaOH I3 & A [R] st ], 461l
25T FerSuB K2 G4, AEMEMILMR T
A HF & AR FL(FLIR 2 50~100 nm), Z9 K%

o

FLAER A 4TE 1 M KOH FR5E YT 199 mV 1 B
fERTFRAS 10 mA/em’ BRI B, 1775 2 AH ] H 3 2%
JE R HRAAR AL A 4 U T R A 3 FEL (386 mV ),
BEAMZA SR R TG ERE

B T fE S A A4, kLR e h T
T O AR AL IS, T AL A T
FL L R A AR V5 KA B A AR AL A
ok k22 BRI R
23 FREESHNETFRHERAE

WRIERE R R 2IE, KRS H 2
Y S 23,0 N A =007 A e o 10 o | A 1 &
FW, IR AT A RIERR | s
BUBGE R 7 KIS T R TR A 4
REERES , SCBU HAERE RS BT
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fitr A 55 % H 5 R L 5% 7 (high pressure torsion,
HPT) X Pd,,CusoNi, Py AE i1 A 4 1647 i B0 38 PE AR T
W, KRS A SRR RE R 29 21.7 Vg, (HIK
A5l M. 4 HPTAL B AY Pd,CuyNi Py IE &
S TERR M A A B, L HER Mg K B2 $2 7t
HAE10 mA/em” UFEHE T, £0.5 M H,SO, F11.0 M
KOH H %35 H AV R 76 mV #1209 mV, /N T4
[R4&AF T ARt HPT AR H A RE & (4397128 179 mV Al
379 mV). HERVERERY S 325 T 218 v
TE Al A S B AA I sh BRI Y 2 B g RN, AR IR
SRRETE, b, 8 HUEE 75 A B Fe,eSisB s
JEfb G4, Wl DR TR R A, R R 1
HER i PEFIRE EPE
24 FESHIERES

B A A A IR T 2004 4E ™ BFGR R, 24
ZFICE L GE) FE T AR &R RN A ST
fa] B s AR 2 A, AR 22 &R LA, X
FI0E TS A A LUR AR T HE, Bk
BHOBEEZITHE T —A MR R 23 a7

e 0 AL R A & AR P R SR e, AT DA 4R A R
FE e U5 A7 T % AL U PR B, B S AR RE T
PAPtCuNiP 45 Ji - L s B AE & G 4 7E Rt RR 1 2%
T S A HERPE ", PAPtCuNiP &5 4 3k & &
S RMMA 474 T BHA GORFLAHR A YK 5
R G AARZE R, B 4L T F R eI, B
A AR HERTE £, 7E 1.0 M KOH #10.5 M H,SO0,
VW, AE 10 mA/em’ BI85 B R AR AT 19 4 LA
I3 M 2= 32 mV F162 mV, 454 DFT 8 45 1 n]
TR, A FR T A R AR i A 2 e X R 2 A
Az ZLR U ROV, i — 2P R T U I I/
fEe, MIMHETE T HERWEPE, /RS ™l T
Ti-V-Zr-Nb-M(M=Mg, Al) &% 3F & A 4 10 il S0
e T EAaon, &aEm . MEE AR
AANZEAL, MPRLETR AL, RS T I AR
0.50%, FEITER Mg AL AR & T ARG IR &
PERE. SRR AR A S TR AR TR, TR
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Amorphous Alloys as Energy Storage and Conversion Materials

ZHOU Dan', HUANG Liangjun’, LU Yanshan®, LIN Huaijun’

(1. Materials Department, Patent Examination Cooperation Guangdong Center of the Patent Office, Guangzhou
510535, China; 2. Institute of Advanced Materials and Technology, Guangdong University of Technology, Guangzhou
510006, China; 3. Institute of Advanced Wear & Corrosion Resistant and Functional Materials, Jinan University,
Guangzhou 510632, China)

Abstract: Amorphous alloys, also known as metallic glasses, have more active sites and better chemical and catalytic activity than
traditional crystalline counterparts due to their long-range disordered atomic arrangement structure. Therefore, they have broad prospects
in energy storage and conversion applications such as hydrogen energy, solar energy, and secondary batteries. This paper systematically
reviewed the latest research progress of amorphous alloys utilized as electrocatalysis catalysts of water, hydrogen storage materials,
lithium-ion battery and lithium battery materials, aqueous zinc-ion battery materials, key materials for solar cells, and supercapacitors, etc.
Emphasizing the excellent performance of amorphous alloys, it focused on the influence of amorphous atomic structure on energy storage
and conversion characteristics, and summarized tuning strategies of amorphous alloy structure and performance. Finally, it provided an
outlook on the challenges and development trends in this field.
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