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Abstract

In-situ quasicrystalline icosahedral (I) phase reinforced Ti-based bulk metallic glass (BMG) matrix composites have been suc-
cessfully fabricated by using two distinct thermal histories for BMG forming alloy. The BMG composite containing micron-scale I-
phase has been introduced by controlling cooling rate during solidification, whereas nano-scale I-phase reinforced BMG composite
has been produced by partial crystallization of BMG. For mechanical properties, micron-scale I-phase distributed BMG composite
exhibited lower strength and plasticity compared to the monolithic BMG. On the other hand, nano-scale icosahedral phase embed-
ded BMG composite showed enhanced strength and plasticity. These improved mechanical properties were attributed to the mul-
tiplication of shear bands and blocking of the shear band propagation in terms of isolation and homogeneous distribution of nano-
size icosahdral phases in the glassy matrix, followed by stabilizing the mechanical and deformation instabilities.

Key words : Icosahedral phase, Bulk metallic glass matrix composite, Strength, Plasticity, Shear band, Crystallization.
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Fig. 1. (a) DSC and (b) XRD traces obtained from as-cast
TiysZry0BesCugNig rod samples with 8, 9 mm diameters,
together with the trace of the as-spun ribbon samples; The
inset SAED pattern in (b) shows the fully glass structure of
the as-cast TiysZrBegCugNig rod samples with 8 mm
diameter.
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Fig. 2. TEM image of the as-cast TissZr,Be;sCugNig rod samples
with 9 mm diameter; (a) BF image, (b) and (c) SAED
patterns showing the 3-fold and 5-fold diffraction patterns of
I-phase.

PFe] FEA el e BF F T Uk
Fig. 2(b)-(c)= icosahedral 5—@*3*0}01]/\1 HzEE AP 3
3] oI # 53] tiAFSolA] B2 HAEE =olnt. o] 2HEH
S T T WAEEY Z—V;ﬁ’} A& 34 mfolaE =2
719 A% o] Zsld b viAd 1A BT AL
2 Azx" Aoz g & 9l

3.12 ¥1ZE 71A e EX2E S8 Y= 3719
& A

Fig. 3<% TissZryBe;sCuNig M H]H A AJHS AMA,
FRA e AR 245 8 2= 733K, 798K 1
23 853 K7HA] & & WS A5 () A FAMFH
(b) XRD Aot} Fig. 3(b)ZFE, Aix 243 o5 2
%21 700K7HA] 2 F ¥7he Aol vigE 71Awel
icosahedral =474 a = 0.519nm)°] A4 HS & F 3

s BT

Tl

r_‘

=

44

w M

Ti, Zr, Be Cu Ni

T=853K

T=78 K

T=700K

e

-
500

(= Exothermic) Heat flow

— s
700 BOD

Temperature(K)

e
600

Ti 1,Zrz,,Bn“CU,I'ili, « Quasi-crystal (l-phase)

';' v C14 Laves
8
3 ‘l ‘ vy v 4 B53K
2
£ |i' r\_::\k . 788K
[T SR
- i,
-
E w e PP T —— mm—‘-iw. ?.ouK.
o
as-cast =2 mm
i Y
2 £ w 50 a0 70 %0
20 [deg.]

Fig. 3. (a) DSC and (b) XRD traces in as-cast state and after the
first, second, and third exothermic events for a
TigsZryBe sCugNig rod sample with 2 mm diameter.

Table 1. Thermal properties of the as-spun ribbon and as-cast rod samples (¢ = 8 and 9 mm) composed of TissZr,oBe;gCugNig.

. . T, T, AT, AH T, AH Ta AH;
TusZraBenCusNis ) K) K) i K s ®) e
As-spun ribbon 623 669 46 30 766 32 803 4
¢ =8 mm 623 669 46 30 767 32 804 4
6 =9 mm 639 674 35 22 780 25 817 3

(23)
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Fig. 4. TEM images obtained from the TissZryBe;sCuoNig BMG
rod samples after heat treatment at 733 K; (a) BF image, (b)
and (c) HRTEM images and the corresponding patterns
showing the 5-fold and 2-fold diffraction patterns of I-phase.
The inset images in (a), (b) and (c) show the SAED pattern
and FFT patterns of the I-phase, respectively.
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Fig. 5. Room temperature compressive engineering stress-strain
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BMG composite (b)-(c) samples; (a) as-cast sample (¢p =
2 mm), (b) annealed sample (¢ = 2 mm), and (c) as-cast
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Table 2. Room temperature compressive mechanical properties of
the Ti45Zr20Be]gCu9Nig rod Samples (BMG and BMG
composites containing nano-scale or micron-scale
icosahedral phase): yield stress oy, ultimate compressive
stress Gmax, fracture strain &, and plastic strain €.

Ti4SZr20Be 1 gCquNig (l\/cljlia) (08/:;) (l\/ﬁia) (f/z)
BMG 1857 1.9 1904 3.0
BMG composite 2015 1.9 2090 7.0
containing nano-scale
I-phase
BMG composite 1633 1.7 1633 0
containg micron-scale
I-phase
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