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Microstructure Control of Cu-Ni-Zr-Ti Metallic Glass
Composites by Multi-Pass Extrusion Process
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Abstract
In order to, simultaneously, synthesize and control the size of microstructure of amorphous/crystalline composites, a

repeated extrusion process was performed using the gas atomized CusNigZryTijg metallic glass powders and the

crystalline brasses. The size of microstructure in the resultant composites was varied depending on the pass of extrusion

as well as on the area reduction ratio. The microstructure could be estimated using an equation of r,=t, ;/R'"”, where R is

reduction ratio and r,, is the resultant radius of the extruded bar after n pass. Theory of microstructural refinement as well

as the relationship between the resultant microstructures and mechanical properties was discussed.

Key Words : Extrusion, Microstructure Control, Amorphous, Powder Metallurgy, Mechanical Property

1. M &

b 31 A3 (Bulk Metallic Glass, BMG)2 5% 7]
2 zAd nlste, A=t we & $y otz
- Cu 71X BMGY 7 $~2GPa -, &A A, YHlR

A o= BE FHe] Ao, =F @
W oolyzt AgAd #BHANE EHS J&J"

gk a8y BMG 2o e ¢l <k

f"l

@ u el ok
o R

ggol AYER FE5T oA, 1-2— 7
7 9% ged A7k ARsD deki-4)

o WEH d2 uZF/E44d BgA4E & F
e xﬂlﬂ‘z Me BE insitu[5~6] 2 ex-
2 FEEth " fEy 9=
4], Hays [ ]°l nug A2 AR 743t BMG
714 BEA 9 insitu AZE E F AU

E3 7r 71X dAuAEA op-Zr(Ti, Nb) Hi=

M

L AN )sdTd
# nAAR AN AT,
E-mail: tskim@kitech.re.kr

386 /EtZ A M It3 &8 x|/H 163 H5F, 20074

QRS B 73k AAH oF 17%01* of ANES

H
2& & Atz Bud s\t doie]. HhEel, ex-
situ‘?d% WA Egoks $4e 01%3}"4 A =5

3l 91&d, Lee —‘:—%[7] Ni 7]# BMGY| &&F& &

HAL MAZ v}
ae e Q4 e HE ARe 2
wofo] wlal 1 wEAYA R2H AHoloiA,
AZAE B9 MALEAD FHARY AR A

=7 gesidn ddEd. E dFddME, 712
Moz BuorFEAL B¢ MAYAEA BY
AEE AzHYAE, 12 FARE e v
o+& W (multi-extrusion process)S  ©] 831 A Z3t

T a2 54e AEselth



GFdEFE S ol &3 Cu-Ni-Zr-Ti A 53 vz A

2. YUY

o

1?}7}‘—)—\-%‘?‘ CusyNigZryTig H] Zéé] @':ﬁ"v‘i‘%
A zgrol gle], 7.58x107 PaZ FAH AF FEE
oA TS AT F, 5MPa] Ar 7k EA

3} oF 1.5 Kg/min, 2] melt flow rate2. #F3} % o}

ol AzE BLe 1 Fy|d Adgle]l #$ A
2e g 7r AFEE e AT Fig. 1),
H o) 25 (Tg), AA}25(Tx), d2u) (A} 3
WE(AT=Tx-Tg)x= 2z 712K, 756K, 66.51/g, 1)
3L 53K°) ¢t}

Fig. 1 Photos taken from the gas atomized Cus,

NigZr;,Ti;gamorphous powders with the sizes
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Fig. 2 Schematic of repeated powder extrusion for

preparing the amorphous/crystalline composites
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Fig. 3 Photos of the 1st (a) and 2nd (b) extruded bars,
showing amorphous phase (A), erystalline phase
(C) and second crystalline phase (C2)
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Fig. 4 XRD traces taken from the powder as atomized
(a), the first extruded bar (b) and the second

bar (c)
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Table 2 Strengths of the Cu base amorphous/Cu base
crystalline composites with the volume of
each phase anticipated by Rule of Mixture

Volume fraction
Strengths (MPa)
(MG : Copper)
(a) 100 : 0 (1st bar) 1,900
(b) 30 : 70 (2nd bar) 950
(c)40:60 1,000
(d) 50: 50 1,150
(e) 70 : 30 1,450

Fig. 5 Photos of specimen (a) and fractograph (b) of
Cu base amorphous/crystalline composites(2™
bars), after the compressive test
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