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A Study on the Relationship between Deformation Mode and
Extrusion Properties for Zr-based Bulk Metallic Glass

K. S. Lee and Y. W. Chang

Abstract

In this present study, an attempt was made to determine the deformation mode of the Zr-Ti-Cu-Ni-Be bulk metallic
glass by compression test over a wide range of temperatures and strain rates. From the results, empirical deformation map
could be constructed including the boundaries of different deformation modes. Considering power dissipation map and
instability map developed on the basis of the Dynamic Materials Model (DMM), the processing map for extrusion could
also be constructed. In addition, the macroscopic formability of this BMG alloy has also been examined through the
extrusion in laboratory scale within undercooled liquid state. From the results of macroscopic extrusion formability, both
deformation map and processing map present good criteria to determine optimal forming conditions.
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Fig. 1. Schematics of the laboratory scale extrusion
apparatus.

& Rud #A 4 499 2P, ol
7b thEF 80 mm x 100 mm, F77} 0.75 mm A3
Hlmy & AlEE olglok stmz, AlH AA
SEE A9 FdA FAE T e A¥=2E
olgstR o, Fa Hol 2 ol 2:dA
4Y 8 L7 =gdted FATol 29
ol AlE &7t olAHEAM Fx &3to o3 F
d F7 8471 EARHE 9ol Uth o] B
st mEexe 2 =F AR 4L FHad
71 A8 5% 7tEe) shed ¥2A sEE A
FaHoz st AY7|d FH3AT

3. &8 d3

a9 2 v 4389 4F AEE B3 dojd A
A A f5 82 (steady-state flow stress, op<]
z27] ¥¥E &5 W& A E logé-logor plot &
2 B I8z, A9 tiREY 2N fF
S8o] A WIA P =2 2V] HIYE £
A% §F% ™ol FAHINA WIe #e =7
HYE £& 949 FdsA 2 5 Ak o
¢} o] MZ Y& ¥y HZE nde #F
289l W3l Fo|E transition state o] 3} & §
ol Mo A=A S Zzp A gl siAstd, 1
d 39 A7 2 fiting AN & F U,
A AF A} njg ZF dAe RE AT
F Ut 0¥ 4 £ 2% - ¥¥E £ W3
nEg B A9 Add ¥y Az, A4

o
Newtonian HA %53} non-Newtonian 59 7
Alel3, dash A2 #¢ ¥ FA e on
e EY W9 AAolo

]
I/ - 4
/.
/. v T —e—2355°C
w - e . a70°C
a b4
s . « 38s°C
= < —v—400°C
2 ; « % 7 415°C
@ 1004 ' - 430°C
& ¢ CF 445°C
2 v M - 460°C
o
[T
<
v
" T o r o
1E-4 1E-3 0.01 0.1 1

Strain rate (/s)

Fig. 2. The change of flow stress at various test
. temperature as a function of initial strain rate.
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Fig. 3. Strain rate — flow stress relationship of this
alloy including two fitting curves.
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Fig. 4. Empirical deformation map for Vitreloy 1.
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Table 1 Different macroscopic extrusion behavior.
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Fig. 5. Zr41_zTilgvsCuH_sNimBezz.s BMG alloys before
and after extruded at 430 C under the punch
speeds of 3.6 mm/min and 0.36 mm/min.

4. o #

kl

Y 6% 23 7 & 44 4F 49 2344 o)
@ s B4 BE AT ¥ WY BoY Axz,
e mag A 49 49 YO ¥ @e)
2w B4 5go) 08 ¥R WS ke
FAe F AL BF 40 T 2y EA, B
4o ws 4F 289 A B W¥E

9oz ta JJFHREM, o= 4F 4
g WA Tz 9o A P}

| A 48 20 ug v
SEAAE A4 §% 542

o3

=
uﬂ =

>

=

o

(12

(B o2

=

Ir

B g
M2 o

U
flo ¢

A A

X2

ok M w¥ EBf ¥ off If 2

A=
g5

°] T7MEHA B ALR ¥9EA
AZAHE B4 ol 29
S0 49 olx}ﬁ 7]0‘:]31']:]'_7 2t
18] BH #% BEHo2ZRE 79
B #5494 s Tl
2= W33 99 Aus
2 QY2 8B

fo oX

1o M
off (%
DL oo

N

o

=

rﬁ;;; fol

8
rm

Nl__ilﬁ‘ﬁ_g

o
orEiSL'Ei:\O;emR

o Ma yo

N
of
N

>

o>

ro N olN B ol 3N e 2

3 o

=2

X

12 fo o &



loge

F8 AR FE3m, o] wBRo=
A 52dg vAA Az HLsA 4
dEg 4 Qe FES =58 & Utk
non-Newtonian ©& ] A A2 w&
A% 493 08 o F9 A AES

o
i3
o
oo
L,
ox
re
of
18
2
R
N —[o
4
ot
oX
ol
ox.
oft Q. o o Hr mp

O_L.

08,
_IB.

o] HlmA Z UX 3R EH), o|2HH
¥y s AYsd ¥y AEY
9‘%% = udozgr Foiz 25 ¥ ®
T A9 AL 458 £ dox

2

3] o:

4L
0 30 40 40 40 480

Temperature (°C)

Fig. 6. Power dissipation contour map for extruded

Fig. 7.

Zl‘41.2Ti13_3C“1LsNinezz_s BMG alloy atg=0.3.

Iso-efficiency contour lines with the numbers
represent power dissipation efficiency.
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Instability map at &€ = 0.3 shows the variation
of § parameter with temperature and strain

rate. Flow instability occurs when § is negative.
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Fig. 8. Macroscopic extrusion formability and
empirical deformation map overlapped onto
power dissipation map at € = 0.3. Dash lines
are the boundaries among deformation modes.
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