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Fig. 1. Physical fundamentals and materials applications on

the interactions between hydrogen and amorphous alloys.
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Fig. 2. (a) Potential trace for hydrogen in an amor-
phous metal, where dissolution from a reference state
requires the free enthalpy G; (b) the distribution n(G)
of the free enthalpy, the occupation o(G) of the equi-

librium sites e is governed by Fermi-Dirac statistics 171,

Pressure
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Fig. 3. Typical hydrogenation PCI curves of crys-

talline and amorphous alloys.
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Fig. 4. (a) Radial distribution functions, RDF(r) derived from neutron diffraction for ¢-TbFe3D3 g and
a-TbFeaD, (z = 3.0, 2.0); (b) section from a configuration for a-TbFeaD3 o [31].

#1 & ThFeaDs g D ThFeaD, (z = 3.0, 2.0) FIRIEAR R T-HCALE N, ; FIE F-1A1E rq (31]

Table 1. Nearest neighbor coordination number N;_;, and interatomic distances r1, in c-TbFe2D3.s and

a-TbFesD, (z = 0.3, 0.2) [31]

D-Fe D-Tb
Np.re + Np.Th/atoms
Np_pe/atoms r1 Np_Tp/atoms r1
c-TbFesD3 g 2.05 0.172 2.01 0.221 4.06
a-TbFesD3 0 0.98 0.173 3.03 0.223 4.01
a-TbFesD2 o 0.62 0.172 3.33 0.223 3.95
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Fig. 5. H-diffusion coefficient as a function of H-concentration in: (a) Amorphous and crystalline PdgzSi7 alloys at 292 K;

(b) amorphous PdgSizg alloy at various temperatures; (¢) experimental and calculated data for amorphous Pd~7.5Si16.5Cug

alloy at 295 K (8,34,35]
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Fig. 6. (a) Internal friction peak as a function of
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2 BT T A SR S X Laves A GdFey & 41
PERIEZ I, Xt F &S GdFeq &4, 1F 423 K R Al
AL A GdFegHy 4, 1£423—523 KIRA A K
Az AR ORI A AE BIE B A GdFeoHz 6. 53410,
A DLE I L ) 4% TR R S GdFe, FEIR AR HGAE

176105-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176105

i A GdFeoHs . 7% GdFey & & 0 JE IR FE AN
818 K, 1M Ari A GdFeoHy 4 P JE B Ik 52 DU ol 224 3 o
K2 107 K, AR A H] 4 B E 52 GdFeaHs 6
e IR A 443 K, B A SRR ASE RS S
G W S P A2 3R AR 1 AR R S A 3 7E 300 K
BTk B e KA R

2.4 ERESEEWER

Al E BB R — AN EE R, FER
H T2 TAE G R AR R A SR ARG N ) B,
B &5 UM R IS A 3 2 A AUt 2l
BB & R 1) 5 25U o1 Jayalakshmi Al
Fleury 0 Fl| F FLH5 v i 4 Zr 26, Ni BRI T Jk9E
HH A o 4 o, I AR R N T AT AN R R
JERRE AR, BT Ze FTio R 5 S0 B 15
AR SR e ol L R DA Y- Y S S PN
BREE Ze M Ti R & 8RN gt A
(7] W SR B2 I R AR S & e F iR T AT by
HI R, 25 R4 RL I T 2 AR I A W S 1 )
AR, 198 EKRE S R EPZIK R R, W
K7 B, A BT B0 A B0 5 S S e T - e
PEERAS . et NAERAS G &AL G RE R
KA E AL B, XL A E S Z R AR &
JCRARL (A0 Zr, Ti). BEEREERL BN, 4
AR E IR E Heone B I S0 BE Hyie 1N, 4K
Sk NPPRHEUT 6 Sl B A E IR, XL
AL RO R 5 R RIS, #U R
T AFERRES, SBOFRHURE 5 R AEZENE. 5
Ab, SRR R Ad/d > 1.20), &8 5T (7]
IR 51 7 35 554K, BI85 5 R A P B I UG

6 LraNipNbyCo: & NigZry, Ti,Nb.Sn,Si,
4 NigNbuZrgTas O TigZr,Cuy, 2
5 TiglrCuy, B TigZruaCuucomposite

Zrgp CupNiy ALV, =50%)[89]

o
v

:}

] ¥ TisZrisCoxs O TigCuxNixs|50] 3
©

+  ZrgCupNiyAl<[89]

Embrittlement

Lattice dilatation Ad/d/%
w

No embrittlment

30 40 50 60
Hydrogen concentration/at.%
K7 SRS @ A 5 56 & (56)
Fig. 7. Proposed map of hydrogen concentration ver-
sus dilatation as an aid to predict the ductile-to-brittle

transition in amorphous alloys [56]

3 EmAAe5AMEERAMERW
R N
3.1 FRTSHEE
3.1.1 AFMBSHALSENTLER
SREBN A AT BE B AR Gk A R R} i
Ve REVE, SEELEURE IR N I R R H AR, AR v ik b
BB A & AT I 19— KBk P A& 4 h
TFEARZENE. BEEERE. Rt 20 3
TR A A AR R R R A B — AN EER 4% P8 %
A & & AT 2 B T 20 AL 70 AR REIR
fabl, SAMIRERA ff 22 JE RS20 = R WA ) ABs
M LaNis &4 P BWIM#E S 4, 0 LaNis P,
TiFe 25 101 W] DATE 5 I P RORCE, W 3h 112
PERERR, (HE AR EIEE /N T 2.5 wt.%, HAER
R FELw R AR, IR Fe N RO A S R
A GENE AR, X EERIET IR L E
% & 1) ERmESESERIE LR LN )
AR N, R AR R e R eSS EEE
i 12 2) e A A & P AR TEAR 2 2R LS R AT R
{1y <aBer ) DRI AT RESE AL T 22 (R A0 o v s L T
(ot L 3) JE M A R A7 AL 2 Fh B B S 1 35 738
IXRP AR ety A G AL IR (L IR AT R 4)
LA Sk R BB R AR 58, A AT AR
P02 B4y B Ve, TR I il T R K i AT I
P 2505 7 — NI ERES S LRSS
SREEEX I, BRI, ERSEEMNEEE
MREmTHTRERTHESES. < TIEREH
A A S IR T AT KBS NN B — 2 1970 AR

F2 AR ERS AR LSS EERmE R L
Table 2. Hydrogen storage properties of several amor-

phous and crystalline alloys.

fitr it/

2% B/ SCHR
wt.%
- s 1.2 150—200 °C, i61]
10u
P 0.9 &
mE& 05
HfNi HERE [62]
BRAS 0.4
- RS 11 B EECER L 130]
e :
2 Ak 14 HlgARRSEA
Mo CorN LA 5.0 150 °C, 80 h, [14]
80Ce10Ni1o - 1
¢ ' A 4.7 A
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221990 FEAX, X ANEFH F E DL Zr FE Ti RS E
SREREERESEE AN AN SR, 1990 FRE
A EBEHT RN RN Mg AR SHEES.

3.1.2 LK &R A dh Ak A8 2 (1970 F K
—1990 S K)

20 T 22 80 AR, M7 % (melt spinning) [ K
IR KR 3 T AR A S &R IE, BEJG Zr 2. Ti
B PAd RS NE SR AR RS G ST AR,
FHE I BT — g AE /1. Mealand %5 (1]
WA T SAMAER S TiCu A &M ZrCu & 4
o fil S e, S5 RR RS AW TiCu & & WA
FHE RS M S TiCuH, 35, LIRS A &M
A5 TiCuH, WA ER S T 35%. HKEIRII
RAEPA-SiFEMES G SR WAAE, XKIUEH T MR
BESIEMEMERE RS G S INETER . (HFER
WHMBZHAEHESRSESENHEATEFA—
EmTHBEESES, WHENG Zr-NiZdERSE4
R EE R T HAS 4 0

Ciureanu 2 B4 858 7 JE 54 NigyZrse & 411
AL =i SR, S REAARE F I ERES
A G v i VY T A4S 8] B A7 B Zey AT NiZrs, 8K [A]
I HBEA G, fERR 2 B E BT LA E R
BH A% A% AE, 2 BT o5 6 {1 68 DY T 44 [A] B A2 Y
AR THEAMME R HESESPREREMN
2.65 at.% N % 6.36 at. %, &4 H AT A K
MZ12.2x 1071 m? /s IBWIH K E 4.3x107 1 m? /s,
# 5 Kirchheim B 32 H 0 &5 A7 43 Ai 455 A —
. Li W T A A A X (2150 °C)
(B i 2 Zreo Al oNiso & & OB A MEfE, 45 R %
B JE & 25 ZrgoAlygNizg A 4 I W & & ] LLIA
H/M = 0.94-1.13. B#H R =130, 9F &
A S KRS S ALIZ M o, kSRR P R AR
THEe HIEaEEE m AR, SEEER FE TR
B R E R ) ZeHy, R 2 W BRI AE
B A B 4 I R B M R AR AR R AR AL

NT BRI EEEE (H/M > 0.5), 1SR
GRS HAEGEUINE S 5 RAR TR, W Zr,
Ti, Pd %, R, dEEREERSHEEE
) EE A S B R T 2 wt. %, ik msE
g EAM B ESR. 5 —J7 T, Zr, TI% 5445
SRR M m e T U S R, 1O IR
SPEFR I B2 — MR K I BRAR, PR R % 4

JE& AR A A S AE v il SRR T AR i 8
. EARENZ, SIS REEERSAE &M RN
15 1R (400700 °C), TaZtdE A A &K FLE
FEFL AT 1000 °C, &A 1E w2614 T TAE, B
TEREIE B BT T e (0 N FH A
3.1.3 Mg 4k & & i & & £ (1990 5 K
£45)

&8 Mg 1 5 R F 5, H H g & % E sk
7.6 wt.%, BN R — KRB A E R TR
(i SR R 1O°), (B2 o A Bh 1 2 k18, H
ATy ke I T AR E T VA AR BUIR TR T
. F, BFRN R T Mg 2 E A & &1
NiEEM BT RE. 20 20 90 A0 H A Kb K2
i) Inoue B 70 40 M F FE A7 V51 %% 1 Mg-RE-Ni (RE
ML R) IS A S0 Ak T e
IE ff S A A S IR 70 19770 Spassov 2 167,68
B A A %% Mg-RE-Ni (REAY, La 8{ Mm %
i e R) EREE S, A H B IR AR
P, KI MgrsNigoMms JF i & & &R A & 1A 2
214 wt.%, 10 min P ] PUEREIEF] 3 wt.%. Lei
25 (M F 92 T MgsoNiso_ ey Mo N, (M, N A Co, Al
5 Si) A A S A = AU, 45 R R Mg
RERESEGEMAELEN, B EER, &
A MgsoNijo A& MG E =1L 500 mA-h/g, 2172 i
BEEM10F5. (H52E Mg 200 7 1 2 1 Ak,
T8 AP RE A 22, LA 2 I 98 26 3 0B 1A B & 1E
(10—60) mA-h/g. Liu 25 728 i & B8 Bk BE 6] %
Mg, Nijgo_» (10 < z < 90) S HIEMSE &L, 45
RERHEY30 < z < 600, BREE 120 h o] LLAS B 9E
mASEE, REEMSEEREEER TR
WA, 445 < x < 500, BR FTHUHEATEL
350 mA-h/g. Huang %5 [ i 17 —FioF| F Ag 51
B SRR AE $E W Mg-La-Ni JE i S & 4l tb 24 4
AMEREM T B EE02 wt.% I Ag A
S, AE 54 Mggs Nigr Lag & 4 (U BOR R & 1l /s
814.8 mA-h/g, 50 XTEH 5 I 75 B R FF 28 75%.
A W R TS AT DLk Mg B4R A & & E ik
PEFIGUE kb, AT B2 e G H Ak 2 i SO 3 R e
PEES R E Mg EIEMSGENEAFEE S
KA A B 7 fn At RS S A R DA ] ok
JUF, BB & 3h ) 2 R, A SERR fil A A
J& MgH, B¢ Mg, NiH, £ 5404,
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5 nm

G(r)

12 5
(b) Mg-M
= Mgf-Ceg 3 315 s Overall
; o 27‘.,4\ 5775 8.225
Ce-Ce | |
; Ce-Ni 1 r
Ni-Ni
e DR 6 510

5 nm

8 (a), (b) MggoCe1oNiro IEAbA A < MR T 4544 KA A S5 47 B $ PDF, #i/&l/& RDF; (c), (d) MggoCe1oNi1o JEdh

BE WA STEM F 14

Fig. 8. (a) Atomic structure and (b) PDF of the MggoCe19Niig amorphous alloy, the inset shows the RDF of the
MggoCe10Niig amorphous alloy; HAADF-STEM images of MggoCe19Niig amorphous alloy (c) before and (d) after

hydrogenation (141,

Lin % M LWL T S A K @A i s
Mg-Ce-Ni & & KU Ak RE, 8 ENIE =R
THRAEMNH0.2 wt.% 0.4 wt.%, IEFHE L
T A REI R R A B R B0 E. B AR RS
HaTh Mg FERE M, WA ELEI ETHES,
MggoCesNis I fha &R A B R RS G &M
Fifes. 5=EAE, Mg-Ce-NidE A &4 1E 120 °C
DA AR B 5 wb %, I @ TR RO S S
4 [ XRD (X-ray diffraction) Fll XPS &% .32 B b
EWRARRIGM, ERSE S HEE NI ERSE
W, 454G % TR B T HAUN HAADF-STEM
(high angle annular dark field scanning transmis-
sion electron microscopy) #7~ T JEdm& & &AM
R AR RS SN IR T4 2tk a8 (a)
FES (b) s, BT Ce-Ni ¥ IR A Jo ik T
Ce-Mg J5i T Fl Mg-Ni it (1) 7R A& ) 1 A 2B i L 5%
£, Mg-Ce-NidE it & & & % BUE Ce-Ni 7 1 41 7%
s Mg Ji 7 BIEM A AE RS S, WEJEE Ce-
Ni J§ 7 A% K, P RSTH 3 nm 3 £ 17.5 nm

(18 (c) ML S (d)). $34b, Fdh A ZAL A0 SR
REVE B £ 4L 702 5 LR A Ho AT PG, ol
TURE T e 2 S8R 5 A & & R A AT 4 5 570
O TR R 8 3 7T 3 e RS R O B, e
MR R R A A SIS B R A %
FOBF UL, 534, (75— 4R 10 R R LE BTSN K 5
B (<15 nm) SRS S 05 T4 MR X
23 771 2 AE BR3P oh 8 A5 R A o A
) 8 A A (75 R T 0 K 2 5 e
BAPTE— IR

3.2 RTSEEEINGEE
321 RBIELABER

B E P EENE SRR, B TE
4@ PAH Y BURE, RN EBE S B E
FRPAEASE L) FRMTNRAITFET WESK
V3 Ni-Nb#EZ4 &BEH ) U AERSE
ABER. ERESEEEEAE 2R SNEOIA N2
A DLBUAR Pd 22 & & 1 — AR AR gl b ) 118,79801,
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1) RS EEEBER—MM Zr, Ni, Nb, Cu, Al
SEARNT BRI 00 4 SR 1) &, A T2, AR AR
T PAdEAE; 2) EMBEEIEMEBE R BT,
CA I Pd & & B, v L 2 Tolk A= 7= 1 75 3K
3) JE S &5 R AT AYE SRR L B B A S
TE R, R A B B r a1 4) T F 2 g
SRAR, EHEEEMNBLEER R, nTER
IR 46 1F R AR (>400 °C 1),

SR A IS I MR R I O R R T B

HBE R AT WA SUA M MTA NS,
Hh A BEXRRELEN NS, K352 T —
et AR S & SR TSR BER. hR 3
R, HEEHESEENEABERTT LS P& R
5%, Ni-Nb & AERE G &M BER S Pd Hakt
$Lﬁﬁ*ﬁ%ﬁ, 4EE‘%§N160Nb30T&10%§1§E@
B R EEIT PdgoCug B & MW AE B2 5
A, iR e T ot — PR AR S A
BB L

#3 —HARMIERSEEEBERNIEDBERE

Table 3. Gaseous hydrogen permeability of several excellent amorphous alloy membranes.

AL E Ry fat. % JEFE /mm TAEREE/°C  wEEERE /molm~ts~1.Pa=05  ZHk
Zres Ay7.5NilpCui2.5Pds  0.047—0.052 380 1.4 x 10~8 [84]
NigoNbgoTa1g 0.070 400 413 x 1078 [82]
(Nip.6Nbo.4)70Zr30 0.054 450 1.4 x 10~8 [80]
(Nig.6Nbg.3Tag.1)70Zr30 0.065 400 9.8 x 1079 [80]
0.065 450 1.2 x 1078
NigoNbaggTagsZrsoCos 0.03 400 1 x 1078 [80]
NigoNbgzsZraoTas 0.030—0.035 400 1.15 x 1078 [85]
Fe-Ni-B-Co 0.025 400 5.3 x 107° [86]
Pa# — 500 1.9 x 1078 [87]
Pd7sAgh 0.198 400 1.8 x 1078 [88]
450 2.0 x 1078
PdgoCu, 0.030 400 2.1 x 108 [84]

VE: #Pd, PdrsAgos l PdeoCugo N SE)E.

322 ABTEEMSLGLE

& JE R A BN S S R — T R
AR SR D EL I AR, ) R T o % A O
B RE B s 1), Zhao %5 P21 ) FH S % 56 2 1) 4% 3
il 2 MgNig.03, MgNig.09, MgNig o1 Al MgNig 29 &
S BEAE Ni L) B 0.03 B2 0.29, ERRTE
AL B P 09 8 K% S 26 1 31% BRI R 17.2%,
I B 325 S5 it 28 PR R SO0 8 ) 2156 T R B, Ay
T FEARAE . MgNig oo M BB (] 5 Jit, o 00 i &
53 A 75 26 s F122 min, S53EMHES Mg R 110 s
85 min AH L, 43 4EHL T 76.4% A1 74.1%. W
ABOE A T 2 1) 0 Bl RS R A R T
P HOS R N IR AR A B FE, R
A Mg-Ni & 4 58 (1 i B2 B[] 2 89 df 7S Mg-Ni &

SR oy 2 —, RWE AR A sh 7
R A T A . M MgoNi/MgoNiH, %%
AR ) S B R8N W] LA 5 D6 A% SRR SR, Vie-
toria % 21 38 i R 4 6 G 1) T v 1 4% — R 51 Mg-
Ni-Zr &, W dEam & Ni-Zr &S &
] 8 A [F) A4 25 i 53 AN 45 46 1) Mg-Ni-Zr & 4, 203
FL 5 MgoNiHy WA BAEH, 2 HASE G
PEfe. B9 1 PTIs 12k (pressure-optical transmis-
sion isotherms) % B 18 i 4k & A4 AT DL 2 42 =
Mg-Ni-Zr JE fi 2 & 6 R 1 2 Uk, X %
Rl TEAEEMSE ST B RET S T Wd
4, FRAERS S SRR E S AP FEIE
A7 B S m U R HL
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] | | // / / / | y 1
= ]
'E al
E 10 3 :
% 2 Large sensitivity 3
2 [ Mgs2NizoZrig
2 101k . i
2 3 MgsaNigsZrag 3
- .
T - MgsoNigsZras ]
3 107°F Mgs2NizsZryy o
-§ 3 Small sensitivity 3
E MggsNigeZrio Mg5oNiggZras
-3 L 1 . 1 ‘ I i L
7 0.5 1.0 1.5 2.0

In(relative optical transmissivity)

B9 dAEf#A Mg-Ni-Zr &4k R ) PTIs g4 (21)
Fig. 9. PTIs of selected amorphous and crystalline
Mg-Ni-Zr compositions [21],

N
k!

323 AFMELELAERS

FIRW . AR IR RS A SRR, b
BURFF AL, JER S A &0 UME N E AL K ES
AL AEmES G SE NSRS EERALLET
o SRR I 5, SRR, LR U R A
B O RS A, Nakano 25 B9 )8 7 A
XF MgooPd 1o AF fit 25 A 4 B B2, R BB 25
SEMIG I BHIE I, RZ TR, AR, (EE R
MgooPdyo FEFE A & B TIHMA N KA H,
FIAEAR A P A U, RILE TA RS
438 0.555 F11.170 ppm KI7K 41 300 s 5, &4/
H BE 20 9 2 v 28 R KA 1,152 F1 1.476 4. X % B
MggoPdio IE A A 4 0] DME NS AL AR kL, I
HiE A KBRS TAE.

3.3 SXIERSESMEERFIRS I
331 ARFIFZSESEHENR

Al T 2 EHERS S & KA SN, Al
A DA R b A A e AE AR B e e A R R I &
A E g —FE &g, SEAG SR,
VAT ELT —EAETEE AT LR SRS
A 4 8 P91 Dong % P75 AU (Ar+-Ha
IR & ) T MR IR B Zrs7 Al gCuys.4Nipe 6Nbs
(Vit1g6) 1 Zrss CusoNisAlyg (Zrss) &4, 45 RE W
L IR E B 2 JE AR A S S AR R4l Ar
AR ER &G SEEREA SR EE. W
Bl 10 B, 18 008 Ar+Hy A0 Ha I EEBIA
5% BTG I 2 30%, PIANAE A A 4 1 R 45 B P
15 24N [F)R2E P 38 5. R4 Ar SRR 15 21 1 3E
m A A A M N AN 29 1%, WA 2 Ja Y8 1 A
33 A N A2 240 10%. 38 i ek Wi 2448 18I 1R 4 BT AT

-

K, R4 Ar S 515 10 3 5 s 2 4 18 5 11
ST FUAT b R B T, STV 1A 49 300 pm,
0 22 3 0B A 4 A 2 U 7 11 72 2 T K B
BT VD, B A 1 1] A 40
50 wm. JE3E DSC 4 B4 HT TR, A b
G A s e 0 1 el PR TR, AL
FO 2 4 A R T 7 2 4 B 01— 4% AT T
@1,

aAr
br Ar+5%H,
c: Ar+10%H.

I

Compressive stress/MPa

| d: Ar+15%H,
P f e: Ar+20%H,
f: Ar+30%H,

400

Compressive strain/%

2400
2 (b)
2000 =
E I -
7
£ 1e00}
i35 b Are10%
o B C . 2
Y b ¢: ArH15%H,
5 soof d: Art20%H,
g |
© 400
4%
5 S

Compressive strain/%

10 AREAFFMWIER % (a) Vitios A (b) Zrss
AR AL A I RGN ) - i i 2 (24]

Fig. 10. Stress-strain curves of Vitipe alloy (a) pre-
pared under Ar+z%Hs (x = 0-30) atmospheres, and

Zrss alloy (b) prepared under Ar+z%H2 (x = 0-30)
[24]

atmospheres (241,
3.32 ARmIAFMSE L HIHT AL

W S8 T DA e JE AL A & & I BB TR B Re )
(glass forming ability, GFA), 7& 524 F R I NIk
TR BOR ST R 1S n, 388 3 W S Ak B AT DL )
BRR SR IE RS A4 Suds PO RBLE S
R AT DL & Zr B S 6 & IR TY i RE
73, W& 4 Fr g, 1€ Ar SRS 1) Zrss CugoNis Al
RS EEHIE AT N4 mm, BEH Ar 5
Hy & & 19 H 5% 34 11 20%, ZrssCusoNisAlyg 3F &
AE &R AR do BWHHE K2 8 mm b )5 8l ¥
£5 mm. F3Hh, B AR T T, & R

176105-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176105

M4 T2 . Cranata 25 DUHI T T A& &1k
X Zr B AR 5 A G IS IE KRR S B s, B R
WEF T ZrgyCuogAlyo(Zrgy) Al Zrgg Cuog Alyo(Zrge)
PIAN A i 3 B B 7E Ar SR 95% Ar+5%H V8 &
BB TY ihe 71, BEFETE Ar RPN 5% 1)
Ho, Zrea M Zree JE dias & & W Im FHE 42 de H
5.1 mm 2.8 mm 7 53 K% 6.8 mm A14.9 mm.
Zr MPd % &R i+ 5 S G mMEM 1, 5l NE W]
DR AR A & e o7 B SRR R, BRARAA AL
JR - B % R, R AT D s AR R A S &1
PeISTE B Re

Mahjoub %5 (2] 1] FH 58 — 1 SR B H S i AU B
ﬁ%{%&%% ZrgaCugaAlio jE%ﬁﬁ{j‘z\fﬂz%ﬁﬁﬁiﬁg
FIPRALER, T A, T WA FE AR A &
JRF 25K TS5 AR AN R s, R
TEIS IR A2 LS & - iR 8,
T B I BORE T I RIS, (R S 5 N [R)
RERTES N  ( 2 EN v < () 2 2K 4G A s X N1 ]
5, NITFERRG e EE R R, R E 4 R
fE15A SIIV A 5T, HAMEIR R & 1
PRI R B A A b i e i, FRACIE RS & &b
TR RIEAEE, &SRS EEN K%
PRSI, WAL R IR S S S BT L
RE 10— 2% A i AR, AE SRt 4
JRIBEFS R 1 — 4 2 4R 120,

F4 AFEERR FIBHI Zrss CuzoNis Alig S & ME
i Cy, B Co Ml AR R de (20]

Table 4.
Co and critical section sizes dc of ZrssCusgNisAljg

Hydrogen content Cy, oxygen content

amorphous alloys prepared under Ar + z%Hs2 atmo-

spheres (261
S A f A IV B2 .
Ar tz %H2 E20= o= Imﬁ&ﬁﬁﬂ—
Cu/wppm  Co/wppm de/mm

0 20 320 4
5% 170 260 6
10% 210 250 8
15% 260 250 7
20% 330 255 5

34 H 1t

3.4.1 AEIER/K

20 20 80 FEANHT, AEMEH &K & T2 E
BT IR PRI A R AR B DT SR U, X

PR T 20T & R, REAERES A &R
KA JRI PR A, 0 M B T2 5% 1 Johnson 25 93] ¢ 5k
RILIE I S A A @ AT E AL T A4S 2 3E &
BEN, HARAABAERT BRI RS
1) ZrsRh & &£ WA 2 Ja 1] LAY R d S Ak
Y ZrsRhHs 5. a7 ZraRh A 40 0] DUOE i PRyg b
P AR RS A 4, B AT R S AR EE AT DL
RS ZrsRhHs 5, PR @ AR 24 AR S
ZrsRhHs 5 (1) 2940642 7] 53 A oK 2. %5 FE AR 3t
AU B LT e 4 — 8. B S, Aoki %[04
XESAES A T OREMA, MATRILAS C15
T Laves #H1I RMy (RNH: o0&, M N Fe, Co
S 4B U R) 75 400—500 K WA w] LS B HE
m A [ RMoH,. SRS A R 52 31 Sk 45 1
VR, 52 B R R s, R Y Gold-
schmidt J& 72 L H ra/rp > 1L3TH A B/~ 2E
S AR AL 5], Zhang 25 SV WF 58 T R N Mg Rt
Smy_, Mg, Niy &&A BRI, K4 Mg
7R & 2 0, 0.25, 0.5 B AT LUK A S BE f ik,
Smy 25 Mgo 75 Nig A 4 A LU RT3 W & T A R A
HAEM AL, Smy_ Mg, Niy A&k 2K AESHIER
HIE S T2 A /rg BEK T 1.37.

3.4.2 AIRAEah & A2 R AT IRAR S & ok
7 A4k A AR

FIFHAE A A SAE VAT I, HATIRE. Ak
8 5 b R — A S I AR B A AR
B BHARRAF R AR S S SE AT IRIA R 515
FIWRLAN /N > A ST KM R, RE 4 A
BB AR, A AR BTG PERE AL AR S S AR P, AT
R P 8 e fids S R R RSO B ) 2 P 19— 101,
Lin % MO R PUE L 2 H A T 2S5, Wik
JE 3R A4S AT LR Mg JE 9K & A 0 R 1
S VERE, BEE TG LIS BRI TS AL R 3, 15
IS SRR T B 4L, 7E 10 MPa &S,
JEAT220 °C T, 43t 3 h (IRE R LAFS 3 ki R~
IKT 10 nm WENE GV, I BAERE 5 1R
MEIA S B R A R A&V — B AR R
(1 R RS, 3 32 B2 T R B8 A1 4/ I 4 K
5 Al T DARHAS Mg 35 &40 4 J25 44 A 78 WU
AR AR R, B AR RS Mg-Ce-Ni & &1EN
T IR AA, I IR SR S8 AR B A W] DAAE MgH FE 1A
AT 2 B A L AE S5 CeHa 73/ CeOo 9KAE
AEAR 02 P 11 froR, 1 et 5 A Mg-Ce-Ni
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& & AT W A AL B A5 B MgHo-MgaNiHy-CeHy 73
[UME G, BEJGAE RSP AT AT iR B A AL
Y118 2 MgHa-MgoNiHy-CeHa 73 /CeO2 91 K B &
ORE, 25 MR AR MgH, (0 i 00 B2, 38 i St
B 7 285 (TEM), HRTEM M FFT (fast Fourier

10 nm

transform) 73 #7 7] %1 CeHy 73 1 CeOq A2 A7 3L 5
SSLJT R R GUK LA A, 456 JE A A HRTEM
AN — VR R B 5 0] &1, CeHy 75 A1 CeOq A4 5
T AL 1 T S %R 2 S 3 e M AL i) 22
JR AL

11 (a)—(c) X B MggoCe1oNiio JEMA G4 MgH2-MgaNiHy-CeHa 73 1 MgHa-MgoNiHy-CeHa. 73 /CeOg 4K E
A¥) XRD #l BSEM El; (d)—(f) CeHa.73/CeO2 PKILAA 1) TEM M1 HRTEM KEl; (g), (h) 434 CeHz. 73 Fl CeO2

[ FFT i [102]

Fig. 11. (a)—(c) XRD patterns and BSEM images of amorphous MggoCe1oNiio alloy, MgHo-MgoNiHy-CeHa 73
and MgH>-MgoNiHy-CeHa 73/CeO2 nanocomposites, respectively; (d)—(f) TEM and HTEM images showing the

symbiotic CeHz 73/CeOg2 nanoparticle; (g), (h) are the corresponding FFT patterns of CeHs 73 and CeO2

343 BAMARRIERSES

Maeland F Libowitz 193 $ 38 7 F) F Wt & i
KRPEEREEERIFERSEEH R B
e A AT & JE A & 4, 6 FesaBis,
Niy5Co29CrigFes MoyBigs, FeqoNigoP14B1s, Fess
P16.55i0.5, FeqoNizgsMoyB1g, CogoFer sNiz s MoaSig
Bis MICuTiFEmAEE S, HEEERMI2—
15 MPa SRk FXTAE R A & & T A b 2
1—6 h, WEA B 2 )5 & & RAEBKE B, &
JEXHHESR S S R AT B . By T EAE
CuTidEfE A& AR T fa g A 5 Wi, HAh
IEE R ) = IR C S N B P S 7 S 3
MR E dh s & &8 oK, B R IR DG 1%,

[102]

FORL RS KA F/NF 200 pm. AT 0 38 i IR SR Al
RYUAAR S A & 4, B BEAT S A R ) 2 TR
SE SRR FIRF IR

4 HhEEZ

AL T AR S A S TAE R AT T
BERE, W8 T ARSRS G e P A RVE R A S AL
Lk E PR YRR A L L Tl DO E | i F =
G AEEE kS HATE . PIRE SN SE I RE T, X E
&G e ME TR AR SR A4 RS T BIF 7C 2 it it
k. BEi O, AT RIERES S &
ANEAH AR BT FUAE LR L7 T B 1% 4k B4R R
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Abstract

Amorphous alloys are a group of novel mechanical and functional materials that possess remarkably improved
properties, such as mechanical property, wear property, anti-corrosion property, magnetic property and catalytic property,
compared with those of their crystalline counterparts. The interactions between amorphous alloys and hydrogen can lead
to various interesting physical and chemical phenomena, and also important applications. Typically, some amorphous
alloys can store more hydrogen with faster kinetics than their crystalline counterparts due to the disordered atomic
structures, which make them promising candidates for hydrogen storage. Hydrogen induced optical transformation
in amorphous alloy film with thickness on a nanoscale makes them suitable for developing optical switchable windows.
Hydrogen could be used as a sensitive probe to study the atomic structures of amorphous alloys. Amorphous alloys, whose
structures are similar to defects in crystalline alloys (vacancies, dislocations, boundaries, ect.), are a group of suitable
objects to study the interactions between hydrogen and defects. Amorphous alloys are also promising membranes
materials for industrial hydrogen gas purification. Micro-alloying by hydrogenation could enhance the plasticity and
glass-forming ability of amorphous alloy.

In this review, recent research progress of interactions between amorphous alloys and hydrogen are summarized from
two main aspects: fundamental research and practical applications. In the aspect of fundamental research, we firstly
review the recent study on hydrogen in the amorphous alloy, including the hydrogen concentration and distribution,
hydrogen occupancy type and geometric size, hydrogen diffusion and thermodynamics and other relevant physical and
chemical issues. Secondly, the studies on the effects of hydrogenation on thermal stability, magnetic property and internal
friction of amorphous alloys, together with some discussion on the corresponding mechanisms are summarized. Thirdly,
hydrogen embrittlement of amorphous alloy and the corresponding prevention techniques, together with the studies of
the interactions between hydrogen and defects in crystalline materials such as vacancies, dislocations and boundaries

in material, are also involved. In the aspect of practical applications, we firstly review recent advances in amorphous
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hydrogen storage alloys, focusing on transition metal based amorphous alloys and Mg based alloys. Secondly, amorphous
alloy films for hydrogen purification, hydrogen sensors and optical switchable windows are reviewed. Thirdly, some
positive influences introduced by hydrogenation on amorphous alloys are discussed, typically on enhancing plasticity and
glass-forming ability. Besides the above, hydrogen induced amorphization on crystalline alloy, the use of amorphous alloy
for preparing nanocrystalline hydrogen storage materials, and using hydrogenation to crack bulk amorphous alloys to
produce amorphous alloys powders are also discussed. In the last section of this review, we try to give our own viewpoint

of the future perspectives of relevant researches and applications of interactions between hydrogen and amorphous alloys.

Keywords: amorphous alloys, hydrogen, hydrogen storage, hydrogen-induced phase transformation
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