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Abstract The Cu-based bulk metallic glass (BMG) composites containing Zs-based metallic glass phase have
been consolidated by spark plasma sintering using the mixture of Cu-based and Zr-based metallic glass powders in
their overlapped supercooled liquid region. The Zr-based metallic glass phases are well distributed homoge-
neously in the Cu-based metallic glass matrix after consolidation process. The successful consolidation of BMG
composites with dual amorphous phases was corresponding to the sound viscous flow of the two kinds of metallic
glass powders in their overlapped supercooled liquid region.
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Fig. 2. DSC traces obtained from the Cuy,Ni Zr,, Ti,; metal-
lic glass powders and Zr,AlNi;;Cu,, metailic glass pow-
ders.

RS 22X T 767K, AN S (AT=T,-T)
< 51KE 7He A % T od. zedl WA
e g5 %d 1 e Cudl viAA B
= 5 7R 73%#1 wd v3E B
o531 glom, T:a} T 747 660 Keb 738 KoL
78 K2 e g AL 9l S o 4 M
AIAFAANA Bodi= A Cudle) zel wA
A B2 oF 30K Ao 5% shyzaialedo s
e A 4 5 e, oz’ FEE shydl
Arededel 720 KJ L SojA WSl WS-
o] 83led 60 X FF 600 MPa2] 1L 7lsle W
=Z ¥R B3NS Azt
I3 32 wEeREal 2 98 Az 10,
20, 30 vol%2] 7zl wviAR AE 71 cudl H=
BP‘“‘ E3Ne] <dnbdl ghe) FARAbER AL
& BT gleh. Al 24l 7oAl w]AAR Aol
Cudl RIAA 712 Hell FUsA Ex5o] glom,
711 o] EAIEA] o= 23 v 2AE Bl
ek CuAdle} ZeA) vl B x7)e] g
33401 obd W%l ke 7L ALt AdE o]
FA U o 5 3o olest A= gt o
Aed el r] vl afe] FAdR-Eel o3 A
3ol &gt o2 Almgiv). 7 vjgAl Bgo) 30
%2 Z713}e)| ot 73w Eaisl Cud AR
R gl IR 7i% 3 e‘% g s,
ol Cudl wiAA o] T,

K

ViAo A= 407

.
5 Boian

st
il

xaen

Fig. 3. SEM micrographs of the consolidated BMG com-
posite with dual amorphous phase: (a) 10 vol%, (b) 20
vol% and (c) 30 vol% of Zr,AlNi;Cu,, metallic glass
powders.
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Fig. 4. XRD patterns taken from the metallic glass pow-
ders and the consolidated BMG composite with dual
amorphous phase.
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Fig. 5. DSC traces obtained from the consolidated BMG
composites.
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Fig. 6. (a) Typical bright field TEM image obtained from
the consolidated BMG composite and (b) corresponding
SADP.

I3 5= AYE Ha wAdE B3R AREE
A ZAL HAFT givh. ZE AR ERY FA
CuAl B A F /)9 L m)ad] Z) wIAd
Apo 2 XE] dojzl It AAA gl HeFE Hed
3 glen 2719 ze BIAA Ao2HE dej
= Tl gas 7oA viAgA E-go) 71|
w2t Axe AS & 4 o

I3 62 AdE W= wAA 530 Tzt
gn]7o] w Ao} (bright field TEM image)t A|<t
Aok 34 =8 (selected area diffraction pattern)S
BodF3 9ok cudl rIBA Azl AR A
YR A= AR R Hol: ASS A3 o ¢
A3z, Ao FEEH-L v Jeh= A
A9l diffuse halo ring patternd ReJF3L 9ivh
% 709 ring pattern 5 HE2] ring patternd Zr
A wAA Aoz RE] delxl Aol wbgEe| ring
patterne Cudl ¥ ALo2HE] fdoizxl Zleld}
Cwdl »iAA A Zed v AdFte] A Fiel

M Ao R Hole e AT 4 U

ool AHRE WaETEe} 27 s A
B3 0z g S T R wd gee
o) FeiH 22L& 4 Ik

SLEIEERE R DIEREE P B

Ao 224 715E dobr] $l3le] TMAS o] %
slof Tzt AAted el xle] A E(viscosityys FH

skt oleiat 7t Aol Qoiz] Am

W=z vjAA dFe 4] Newtonian viscous flows



AERER el o3t v mlAE B3] Az 409

10® + Cu-based + 10 vol % Zr-based
3 O Cu-based + 20 vol % Zr-based
< Cu-based + 30 vot % Zr-based
10"
w
]
& 10"y
=
©
g 1010 p
]
3 9
% 107
10° 4 )
Heating rate : 0.67 Kfs
Load : 250 mN
107 Y T T T T
740 760 780 800 820 840 860

Temperature (K)

Fig. 7. Measured viscosity of the consolidated BMG com-
posites.
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