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Abstract;: Inducing secondary phase is one of effective means to improve the room temperature plasticity of amor-
phous alloy matrix composites. The amorphous alloys and their deformation characteristics were reviewed, and
the fabrication process as well as mechanical properties of amorphous alloy matrix composites were summarized,
including ex-situ particle/fiber reinforced, in-situ precipitated phase reinforced systems and Zr-based, Ti-based
and Mg-based alloy systems. In addition, the latest developments on reinforcing phases and their fabrication
process were introduced, including porous particles, shape memory phase, dealloying reaction in metallic melt,
selective phase leaching process. Moreover, the microstructure, mechanical properties and optimization technolo-
gies of the above composites were expounded in detail, and the prospect was pointed out.
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Fig.1 Correlation between critical cooling rate(v,) .
maximum thickness of specimen (L ,..) and reduced

glass transition temperature (T,/T, )
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Fig.2 Schematic diagram of shear transformation zone and the
formation of shear bands along the maximum shear stress plane
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Fig.5 SEM images and compressive stress-strain curves of Zr-based and Mg-based amorphous composites with different
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Fig.7 SEM images and compressive stress-strain curves of porous Mo particle reinforced Mg-based amorphous composites
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Fig.6 Microstructure of pore reinforced Pd-based amorphous

composites after water-quenching under hydrogen at
4 MPa for 3 h and tensile and compressive stress-strain

curves of the composites under different porosity
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Fig.8 SEM images and compressive true stress-strain curves of porous NiTi reinforced Mg-based amorphous composites
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2500

ik Mo2

Mo2 20001

15001

o/MPa

10001

500 20 30 40 50 60 70 80

1%

(a) A4 LR

(b)) EFARA-AEEHE, B E#EFEA 55X 57!

0
&%

(o) B g - b & A2 XRD B

B 14 Ti-Cu-Ni-Sn-Ta A K& 2 RE Mo#B 2 T L AMAGMIALE R /- % &

Fig.14 Microstructure and stress-strain curves of Ti-Cu-Ni-Sn-Ta matrix alloy and composites with different Mo contents

H 2 3% By IBPERNLAE DL Tde,
23 FENBEMgEFREETH

H T IR0 AR B A o B 5 R T LA
et BT X IR 3 A B BE AR 2 5 0 R T 5 4 0E
B ARR 2T R B AL A T G R e R
HRRR B < vk MO BEPEARVE ) SR Tz R

OKA H 557 3 52 4 Ja 45 0K vb i 1 & 42 07 1 )

M fE Mg-Cu-Gd dEf R 5] AT o Ti #H, WA 15,

T Ti-Cu il Gd-Cu Z [A] I A 45 8 7, 1 Ti-Gd 1

RAR RIE, FHi Ti-Cu-Gd il & 4 h &I i Ti-Cu Al

Gd-Cu M, [F B, Mg-Gd fil Mg-Cu Z 8] f IR & 45 N

i Me-Ti FIRA K AIE. 46 Ti-Cu-Gd Bl A &%
667



R85 s MA@

2022 4EHS 42 B 6 1

A Mg Jg i, Bl A 4 P 1 Cu-Gd 2 % i 1 A8
P Ti-Cu A Cu 23 £ PRV i A B IR, iR
Mg.Cu Il Gd f HL 538 - Mg B 17K 5 % g ik A b i)
Cu-Gd # }2 Ti-Cu i Cu B T2 R B A B4t
Ak S B BCRE J1 ) Mg-Cu-Gd #5& . TR B, Ti-Cu A1 o
% Ti 38 o 2 Y HBOB WAL S A BORL, LB 154,
B B AT 2V AR A AL AT A5 2 R 3 A
RrdE IR EE L AE A A AR, I, T A Ti Uk
EEEMN Ti-Cu #4459 200, R 0L v] 38 o 40 4k Ti-
Cu MR B T Bk 4k 55 — AR ~F . BF58 & 30, i i
P Ti-Cu-Gd Fil & 4 1978 20380 L 7] g 2 40 4k Ti-Cu
A H B A 4 S 7= A 0 T 0ks RSB 22 08/ . 78
S S b S AR R ST T 0K 52 A bR
LR 430 Ry 230 MPa Fl 387 MPa, 43 ] [ B2 4K 5 4
PEE 6% M1 78% . WLIEl 15b, Ti Uk 4 Ak J5 HoAH R
WORL RN EE 228 500 nm, X5 Mg 3EE 5 A & FL R ) £F

. Gd & CulEFM .

— . GACulE TR
CulE P HAE

| gt |

() AR EETRFER
A 15
Fig.15

1200
Mg-Cu-Gd-Ag

1000
800

20 30 40 50 60 70 80 600

260/(°)

H ¥ #/MPa

400

B3 oy

200

Mg-Cu-Gd# ik
WA

e

Mg-Cu-Gd-Ag

FEFAPE N T X R (100 ~1 000 nm) AEH# 38, F L,
TEANAL 5 (Y T 00k A R Je 3 X B, B s e 2 &
GEKg. SR, TSI T BURL 89K B BOR B (4
2%), M AN R B ERSGESMBEEE, GUO W
SRR 1R A 4 B JE BRIV AE A S B RE 1 =
) Mg-Cu-Gd-Ag & &k & W5 B 7E Ak S S ik h
B15) 5y i 4 a-Ti AH  HF 38 RO AR B 8053 0 20 6
pm F13% , W 16, 53R L 52 & MR )
2P REAT B R AR W N AR 2R 6.1 % . T L5
9920 MPa, WLIE 16b, X2 T Ti Bk 5 JE 54
FE S AL B ) T R T 2 Em BT Ul A . tAb,
M Sy R T SORE % i AR5 B I TR [ B R AR &
G AL N T R E R E SR, 246
AL AR DU A AR R R B A A 25 A T R
HWT 0 Tk 331 MPa, Wi 4N A5k 0.42% , WLIE] 16¢,
SR E A MR ) 2 R1.73 MPa « m'”,

500

FHARCTE S
400 F

FERSCHi& S
Mg#BMG \

300 F

o/MPa

200 F

Lo r 0.2%

&%

(b) FRA TiHERT TFTLAMAAG T MR H-B T HL

ERBERFHRELERBEIRTERALESMAT bR -5 T W&

Schematic diagram of dealloying reaction in metallic melt as well as bending stress-strain curves of composites

MT-D

MT-D

250
§ 200 Mg-Cu-Gd-Ag
(- g 150

0.1%

(a) AL B A Ti¥ ik Mg &3k dh 256 #4H 49 SEM
B A5 (G B A R AR &2 55 &M a9 XRD B 3#)

E A%
(b)) AL oMHEHEALEN-A BT
v & B i SEM B, 8 K i & G 5X 10" s}

R/ %
(o) WETHRBYEA-EE
W, B ERE A 5X100 57!

A 16 Mg-Cu-Gd-Ag Atk &25 L A4 MHAey SEM B fe i /-5 % i &
Fig.16 SEM images and stress-strain curves of Mg-Cu-Gd-Ag matrix alloy and composites

PEREAR PR = T 45%

BT bR T 4 e A i B 4 BN T A% DA
Az A 3 5 BE LR S B A MRS 3 T8 A R B A I
BAEBE AR f SR T BT LA T IR RS ARSI
17, RECER - 8 538 o B iE il 25 Ni-Ti-Gd 7
G s FLURH 3o JR I o T A B 4, e T I A
h & E AR R, A Ni-Ti, Ti-Gd F1 Ni-Gd A8 K b a]

668

AL A TioNL HL Gd 9 L 58 2, mT il £ 40 B NiTi i
Ni-Gd M2 ) Ni-Ti-Gd = eHia 4. A . H T Ni-
Ti 5 Ni-Gd A8 [F] 520 B¢ 1 764 Ni-Ti-Gd & 4
B Mg-Ag B iy, Ni-Gd A 2 e £k 15 i 51 Mg-
Ag JE R i NiTi A 438O I8 8 NIT 3R 805 10 1Y
Mg-Ni-Gd-Ag KA, [, Mg-Ag #5185 5 % fift i A
Hor iy Ni-Gd A8 & &= o 5 e it End b, i i &



FEMIEE SRR SR B W %F

Mg-Ni-Gd-Ag K B4 WA i H bR 48 7R i 4y . i
2% LRF [ A A A (AT 25 45 2 A7 A2 B2-NiTi
FHIG R Mg JEE M2 & MR, B2-NiTi A5/ F ¥ R
20 8 pm IREU B R 15% , WK 17a, AR
Wr 45 77 (29 906 MPa) FEVE S AR (2 7% ) A T £k,
TR T AR S EEAR S 4, WIS 17b, VRE 1 1Y J5 A7
B A EPE NITi AH A] 6k 87 B0 i D s 4 i 7 2k BH 651
FH AR 5T U1 9 9 J A A A e O s B 4 R R 1 B L X
R TR 4 T G A B PR ZE RN T, A AE AR R ) R
WL 5 E R B2-NiTi ] B19'-NiTi #9 I &R A 2% i
TR 5T e e AR i TR 0 1z 7 4R b BRARD T A E AR A AR
S PHAT T B DA PR R L X R R TR A AN Y
JIRITEhE YA, B TRIP 20087, B — 20, il T
B2-NiTi M27E Ni-Ti-Gd Tl & & Hl & B h s, 5
PS5 AN K AR A o TR I T e 5 T 4 1 v 0 T R
AL LR o 3 AR 3 B AR St 45 T ek [ R L A5 )
TR EARMERTG 4, B & G 4 0% 20 5
B3R . B2-NiTi B R P 8 pm FEE] 2 pm., B2-NiTi
AR AN /I, 52 G bR 2 B0 H 1% U SR 5 3 R 9 7 A gk
K UL 18, He o 28 05 A1 1 iR 26 B MR B A 1 g 2
PR RE , H b 2458 B 1 096 MPa, 8 PE W 28 H15.5%

(a) AL 8 mm,20 K/s

(b) A4 3 mm,120 K/s

[ B, B2-NiTi AH B8 B0 Hicds w] AR 45 52 5 b4 Rk B 43 i
R b, ot $E v Ti & EIFEA Ni oo Z 0 %,
B2-NiTi RS B 15% 83 32% ., b0
SRR 4 o R v R B O S A YR L LR N
1212 MPa, W20 48 R 25.3% . WL 19, M 20 1]
VA7 O RGE /Y r A AL A AR BE R i &2 6 b R
H f Ak JE B B2-NiTi 350 &2 4 b4 R} it W7 284 5 132 0 07

LN i 0

BMGMC
E

&%
(b) hthoad LMW
SRR - AR T 2
B R A 5X 101 s
B/17 fBEBRREMLIYLTEBRELASM40 SEM
8 R R

Fig.17 Tllustration of selective phase leaching process as

(a) B2-NiTi 3§32 46 K 3k dh 2. &
A4 SEM B 45

well as SEM images and stress-strain curves of composites

14001

1200 A-RC3
A-RCS A-RCS

1000 f
800 |

o/MPa

600 P
400

200 50

&%
(o) 7 )&% FRA- 4 ) & 09 L&Ak R 45
Aph-ApEwE, mEEFEH5X100 s !

B 18 R&HEME2AEE B2-NITi 403§ 5% Mg &4k 3 L&A 6) U2 Fe i J) -5 K oy

Fig.18 Microstructure and stress-strain curves of B2-NiTi phase reinforced Mg-based amorphous composites

after improving prealloy cooling rate

1400 ¢

1200 f

1000 f

800

o/MPa

600

400

200

0

&%
B/ 19 ZARR T RAERAEKRAEH B2-NiTi ¥ 5& 48 L E 5
EAMBHEGAR - AR T WL, BTk FEH 5XI0 !

Fig.19 Compressive stress-strain curves of optimized

B2-NiTi reinforced Mg-based amorphous composites

1400
1200 . . *
S 1000F o 4
= A
wm 800T = Fefy F¥
B ocoh ® LPSO Mgfg™”
% & NizZi®
400 AgMg*
200 v ELT
* NiTi
0
0 5 10 15 20 25 30
Wi I A8/%
B 20 A& LA b R R R 5 i B
Bk A

Fig.20 Relationship between fracture stress and fracture

strain of in-situ Mg-based amorphous composites to date

669



Ffh i ROA B4 2022 AR5 42 B4 6 )
[14] SCHROEDER V, GILBERT C J, RITCHIE R O. Comparison of
9
3 g éj“' Ij % _35_’ the corrosion behavior of a bulk amorphous metal,
Zry1.2 Ti13.8Cuyz.5 Nijg Bego s » with its crystallized form[]]. Seripta

AT RSN R [ AR A Ze 3T S
K Mg HeAE 5 & A b RHA Z2 . 3L A0 Jin AR 4 5 B %
K 4xJE BURL L 22 fLBURL, A B AR AL S B2 AL AR
. HWAHE T EIRAESE G MR ROWZE Y | )
RE RS TE AL . 550 — AR M LR G S A EG L 55 A
SRAEMME AR B ES B B E RS, W g ARG R Y
Ti AR & A MORHERLAR R ) N R T 10 % 1Y 98
PERI AR, B2-NiTi 85 Mg 341 5 & A R R B A
zo%ﬂﬁﬁﬁf‘ﬁﬂ@rjxﬁo Jyitt— 4R AR S E A MR
LG )2 PERE  BF 9T 3 T AE A 5 I A IS e i 2 &
SR AN R A 5E R AF LW IE A2 47 2 5 AL L fn e
BT 2005 v Al 4 R0 4 52 6 45 0 5 Mk g T
JE A Z2 1 TAE,

B £ X #

[1] KLEMENT W, WILLENS R H, DUWEZ P O L. Non-crystalline
structure in solidified gold-silicon alloys[J]. Nature, 1960, 187
(4 740) : 869-870.

Mk XHE A SN 45 e Al & G 4 W o
2% 1% R ,2020, 5006): 17-29.
E DA A SA S PR R AT ] WA R, 2017, 66(17)
25-40.

INOUE A, FAN C, SAIDA J. et al. High-strength Zr-based bulk

2] oS [T v I B2 - i 3

[3]

[4]
amorphous alloys containing nanocrystalline and nanoquasicrystal-
line particles[J]. Science and Technology of Advanced Materials,
2000, 1(2). 73-86.

[5] ZHAO CL, WANG A D, HE A N, et al. Nano-heterogeneity-sta-

bilized and magnetic-interaction-modulated metallic glasses[ ]J]. Sci-

ence China Materials, 2021, 64(7): 1 813-1 819.

TEE AT SR 2] oK. AL 4 Jm 3758 0 O g7 i R [T ] M R S 3R,

2011, Al: 254-257.

TURNBULL D. The 1961 institute of metals division lecture-the

(6]

[7]
liquid state and the liquid-solid transition[ ]J]. Transactions of the
Metallurgical Society of AIME, 1961, 221(3): 422-439.
AR TE T TC T bR 0 R A 2k - 4 T BB B O
SRR, 2013(3): 157-166.

B4 L =R % Cu-Ze- AL HE A 4 il 4 KR 46 5 b i i 2441 38
(D045 5 3 AT €04 42,2018, 38(9): 1 041-1 044,

INOUE A. Stabilization of metallic supercooled liquid and bulk a-
279-306.

(8] &L A

9]

[10]
morphous alloys[]J]. Acta Materialia, 2000, 48(1):

[11] INOUE A, ZHANG W, ZHANG T, et al. Cu-based bulk glassy

alloys with high tensile strength of over 2 000 MPa[J]. Journal of

Non-crystalline Solids, 2002, 304(1-3): 200-209.

INOUE A, SHEN B L, KOSHIBA H, et al. Ultra-high strength

above 5 000 MPa and soft magnetic properties of Co-Fe-Ta-B bulk

1631-1 637.

[12]

glassy alloys[J]. Acta Materialia, 2004, 52(6) ;
[13] INOUE A. High strength bulk amorphous alloys with low critical
cooling rates (overview) [ J]. Materials Transactions, 1995, 36

(7): 866-875.

670

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Materialia, 1998, 38(10): 1 481-1 485.
CHEN H, HE Y, SHIFLET G J, et al. Mechanical properties of
partially crystallized aluminum based metallic glasses[ J]. Scripta
Metallurgica et Materialia, 1991, 25(6) . 1 421-1 424,
ARGON A 'S, KUO H Y. Plastic flow in a disordered bubble raft
(an analog of a metallic glass) [J]. Materials Science and Engi-
neering, 1979, 39(1). 101-109.
XK ZE , 50 W B B Il 5 43 O UML) 27 1 RE AUF 5 gk
JELI] MR T 42, 2020,48(11) ¢ 46-57.
LEMAITRE A. Rearrangements and dilatancy for sheared dense
materials[ J]. Physical Review Letters, 2002, 89(19): 195 503.
LUND A C, SCHUH C A. Yield surface of a simulated metallic
glass[J]. Acta Materialia, 2003, 51(18): 5 399-5 411.

ANLEWHE, WS, ARG & 0T U s AT bR
2020, 52(2): 379-391.
JOHNSON W L, SAMWER K. A universal criterion for plastic
yielding of metallic glasses with a (T /T,)?? temperature depend-
encel J]. Physical Review Letters, 2005, 95(19): 195 501.
MAYR S G. Activation energy of shear transformation zones: A
key for understanding rheology of glasses and liquids[J]. Physical
Review Letters, 2006, 97(19): 195 501.
ZINK M, SAMWER K, JOHNSON W L, et al. Plastic deforma-
tion of metallic glasses: Size of shear transformation zones {rom
molecular dynamics simulations[]J]. Physical Review, 2006, B73
(17): 172 203.
CHEN L Y, SETYAWAN A D, KATO H, et al. Free-volume-
induced enhancement of plasticity in a monolithic bulk metallic
glass at room temperature[ J]. Scripta Materialia, 2008, 59(1):
75-78.
SCHUH C A, HUFNAGEL T C, RAMAMURTY U. Mechani-
cal behavior of amorphous alloys[ J]. Acta Materialia, 2007, 55
(12): 4 067-4 109.
JOO SH, PID H, SETYAWANA D H., et al. Work-hardening
induced tensile ductility of bulk metallic glasses via high-pressure
torsion[ J]. Scientific Reports, 2015, 5(1): 1-9
CHU ] P, GREENE J E, JANG J S C, et al. Bendable bulk me-
tallic glass: Effects of a thin, adhesive, strong, and ductile coat-
ing[J7. Acta Materialia, 2012, 60(6-7): 3 226-3 238.
PR R, 22 4K 7R G 2T Ak 1 5 4 JR B 38 52 5 b R o) B R AR
WFoE LI HE 5 vl i . 2020,40€6) : 57-68.
KA B B 8. 4 U R S G R R AR B AT O AR OC R
WHFE LR IR [J]. ) 22441 . 2020,52(2) : 318-332.
KIM C P, BUSCH R, MASUHR A, et al. Processing of carbon-

I g

fiber-reinforced Zry1.» Tijss Cuiss Nijoo Beszs bulk metallic glass
composites[ J]. Applied Physics Letters, 2001, 79(10); 1 456-
1 458.

QIU K Q, SUOZY, RENY L, et al. Observation of shear bands
formation on tungsten fiber-reinforced Zr-based bulk metallic glass
matrix composite[ J]. Journal of Materials Research, 2007, 22
(2): 551-554.

LIJ C, CHEN X W, HUANG F L. FEM analysis on the deform-

ation and failure of fiber reinforced metallic glass matrix composite



FEMIEE SRR SR B W %F

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[J]. Materials Science and Engineering, 2016, A652: 145-166.
ZHANG H, ZHANG Z F, WANG Z G, et al. Deformation and
damage evolution of tungsten fiber reinforced metallic glass matrix
composite induced by compression[ ] ]. Materials Science and Engi-
neering, 2008, A483. 164-167.

QIU K Q, WANG A M, ZHANG H F, et al. Mechanical proper-
ties of tungsten fiber reinforced ZrAINiCuSi metallic glass matrix
composite[ J]. Intermetallics, 2002, 10(11-12): 1 283-1 288.
CHOI Y H, JOHNSON W L. Bulk metallic glass matrix compos-
ites[J]. Applied Physics Letters, 1997, 71(26): 3 808-3 810.
ZHANG Q S. ZHANG W. XIE G Q. et al. Unusual plasticity of
the particulate-reinforced Cu-Zr-based bulk metallic glass compos-
itesJ]. Materials Transactions, 2007, 48(9): 2 542-2 544,

EREL 32208, o 5, 45 BT 0K 1 58 4 8 3508 52 5 B R i A
BRI 2 &M R 24 2018.35(1) ¢ 124-131.

CHOI Y H., CONNER R D, SZUECS F, et al.Processing, micro-
structure and properties of ductile metal particulate reinforced
Zrs: Nbs AljoCuys.a Nij2s bulk metallic glass composites[J]. Acta
Materialia, 2002, 50(10): 2 737-2 745.

XU Y K, MA H, XU ]J, et al. Mg-based bulk metallic glass com-
posites with gigapascal strength and plasticity[ J]. Acta Materia-
lia, 2005, 53(6): 1 857-1 866.

LIU T, SHEN P, QIU F, et al. Microstructures and mechanical
properties of ZrC reinforced (Zr-Ti)-Al-Ni-Cu glassy composites
by an in situ reaction[J]. Advanced Engineering Materials, 2009,
11(5): 392-398.

CHEN C, XUE Y F, WANG L, et al. Effect of temperature on
the dynamic mechanical behaviors of Zr-based metallic glass rein-
forced porous tungsten matrix composite[ ] ]. Advanced Engineer-
ing Materials, 2012, 14(7) . 439-444,

XUE Y F, CAT H N, WANG L, et al. Strength-improved Zr-
based metallic glass/porous tungsten phase composite by hydro-
static extrusion [ ] ]. Applied Physics Letters, 2007, 90 (8):
081 901.

PAN D G, ZHANG H F, WANG A M, et al. Enhanced plasticity
in Mg-based bulk metallic glass composite reinforced with ductile
Nb particles[J]. Applied Physics Letters, 2006, 89(26) : 261 904.
WADA T, INOUE A, GREER A L. Enhancement of room-tem-
perature plasticity in a bulk metallic glass by finely dispersed po-
rosity[ J]. Applied Physics Letters, 2005, 86(25): 251 907.
JANG J SC, CIOU J Y, HUNG T H, et al. Enhanced mechani-
cal performance of Mg metallic glass with porous Mo particles[ ] ].
Applied Physics Letters, 2008, 92(1): 011 930.

GUO W, WADA T, KATO H. Work-hardenable Mg-based bulk
metallic glass matrix composites reinforced by ex-situ porous
shape-memory-alloy particles[ J ]. Materials Letters, 2016, 183:
454-458.

HAYS C C, KIM C P, JOHNSON W L. Microstructure con-
trolled shear band pattern formation and enhanced plasticity of
bulk metallic glasses containing in situ formed ductile phase den-
drite dispersions[ J]. Physical Review Letters, 2000, 84 (13):
2 901-2 904.

FAN C, OTT R T, HUFNAGEL T C. Metallic glass matrix

composite with precipitated ductile reinforcement [ J]. Applied

[49]

[50]

[51]

[52]

[53]

[54]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Physics Letters, 2002, 81(6): 1 020-1 022.

GUO W, KATO H, YAMADA R, et al. Fabrication and me-
chanical properties of bulk metallic glass matrix composites by in-
situ dealloying method[J]. Journal of Alloys and Compounds,
2017, 707 . 332-336.

HOFMANN D C. Shape memory bulk metallic glass composites
[1]. Science, 2010, 329(5 997): 1 294-1 295.

XU J. MA L L, XUE Y F, et al. Work-hardening behavior,
strain rate sensitivity, and failure behavior of in situ CuZr-based
metallic glass matrix composite[ ]]. Journal of Materials Science,
2016, 51(12): 5 992-6 001.

GUO W, SAIDA ]. Triple-yieldable multiphase reinforced bulk
metallic glass matrix composites under tension[ J]. Materials Let-
ters, 2017, 191 42-45.

HONG S H, KIMJ T, LEE M W, et al. Combinatorial influence
of bimodal size of B2 TiCu compounds on plasticity of Ti-Cu-Ni-
Zr-Sn-Si bulk metallic glass composites[ J]. Metallurgical and Ma-
terials Transactions, 2014, A45(5): 2 376-2 381.

HOFMANN D C, SUH J Y, WIEST A, et al. Development of
tough, low-density titanium-based bulk metallic glass matrix
composites with tensile ductility[ J]]. Proceedings of the National
Academy of Sciences, 2008, 105(51): 20 136-20 140.
YAMAMOTO T, ITO H, HASEGAWA M, et al. Mechanical
properties and microstructures of composites of Ti-based metallic
glass and B-Ti[J]. Materials Transactions, 2007, 48(7): 1 812-
1 815.

GUO W, KATO H. Development of in-situ 8-Ti reinforced Be-
free Ti-based bulk metallic glass matrix composites[ ] ]. Journal of
Alloys and Compounds, 2017, 714. 120-125.

OKA H, GUO W, WADA T, et al. Mg-based metallic glass ma-
trix composite with in situ porous titanium dispersoids by dealloy-
ing in metallic melt[]J]. Materials Science and Engineering, 2013,
A582: 76-83.

GUO W, KATO H. Development and microstructure optimiza-
tion of Mg-based metallic glass matrix composites with in situ By~
NiTi dispersoids[J]. Materials & Design, 2015, 83: 238-248.
MA H, XU J. Mg-based bulk metallic glass composites with plas-
ticity and high strength[J]. Applied Physics Letters, 2003, 83
(14). 2 793-2 795.

HUI X, DONG W, CHENG L G, et al. Formation, microstruc-
ture and properties of long-period order structure reinforced Mg-
based bulk metallic glass composites[ J]. Acta Materialia, 2007,
55(3): 907-920.

CHEN G, ZHANG X L, LIU C T. High strength and plastic
strain of Mg-based bulk metallic glass composite containing in si-
tu formed intermetallic phases[]J]. Scripta Materialia, 2013, 68
(2): 150-153.

WANG S G, XU J. Strengthening and toughening of Mg-based
bulk metallic glass via in-situ formed Bs-type AgMg phase[]].
Journal of Non-crystalline Solids, 2013, 379 40-47.

ZHAO Y Y, MEN H, ESTEVEZ D, et al. Mg-based bulk metal-
lic glass composite containing in situ microsized quasicrystalline

particles[ J]. Scripta Materialia, 2014, 78; 21-24.

(415 5218)

671



