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Development of Al-Based Metallic Glass Composites Containing
Pb-Rich Crystalline 2" Phase
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Abstract: Liquid immiscible alloy systems present a unique opportunity for designing composites with
sphere-dispersed and/or interconnected microstructures. Herein, we demonstrate that the addition of Pb in
Alg,TM,oRE¢ (TM=Ni,Co,Fe,Ti, RE=La,Ce,Nd,Gd,Y) metallic glasses can result in liquid-liquid phase
separation in a liquid immiscibility gap and substantially solidifies into a Pb-rich crystalline phase and Al-
rich amorphous phase. The Pb-rich phase has a spherical shape and is dispersed in the Al-based metallic glass
matrix. The average diameter of the Pb-rich spheres changed from 75 £ 10 nm near the wheel side (fastest
cooling region) to 138 + 32 nm near the center of the ribbon (slowest cooling region), which exhibited a melting
temperature of about 599 K, close to that of pure Pb (T'm = 600.5 K), due to the low solubility of Pb and other
constituent elements. Interestingly, the dispersed Pb-rich 2" phase in the Al-based metallic glass matrix
causes delayed crack propagation and enhanced fatigue lifetime due to crack blocking and filling by partial
liquifaction. These results provide a guideline for how to design promising Al-based metallic glasses containing
sphere-dispersed 2" phase with low melting temperature, which is a key step in developing damage-tolerant
metallic glass composites with a liquid-based healing mechanism.
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Fig. 1. a_Atomic radii and heat of mixing relations among
constituent elements in Al-TM-RE-Pb phase separating metallic
glass and b_AlI-Pb binary phase diagram.
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Fig. 2. Cross-sectional SEM image of (AlgNij¢MM;g)esPbs phase
separating metallic glass ribbon and size distribution of embedded
Pb-rich crystalline phase as a function of the distance from the
wheel side surface.
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Fig. 3. DSC traces of the annealed samples upon heating (Red line)
and cooling (Blue line) in (AlgsNi;o(LaCeNdGdY)s)osPbs phase
separating metallic glass. L; and L, denote Al-rich and Pb-rich
liquids, respectively.
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Fig. 7. SEM image of cold rolled (AlgNi;¢)MMg)osPbs phase
separating metallic glass ribbon with a micro-scaled crack
penetrating from surface and partially melted Pb-rich crystalline
particles along the crack.

Ag paste

(1) 70.00wt% Ag powder + 10.00wt% organic + 20wt% oxide glass frit
(I1) 78.75wt% Ag powder + 11.25wt% organic + 10wt% Alg4Ni;o(LaCeNdGdY)s MG frit
(111) 78.75wt% Ag powder + 11.25wt% organic + 10wt% (AlgsNi;o(LaCeNdGdY)s)esPbs MG frit

Curing

1) 304SS substrate (size = 0.1x 10 x 100 mm)
2) Paste thickness = 10 um (by Doctor blade)
3) Curing temperature & time : 1073 K & 30 min
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Fig. 8. Image of 304SS thin plates coated with cured Ag paste
containing (I) 20 wt% oxide glass frit, (II) 10 wt%
A134Ni]0(LaCeNdeY)6 MG frit and (HI) 10 wt% (A184Ni|0
(LaCeNdGdY)e)esPbs MG frit.
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Fig. 10. Correlation between resistance variation and number of
cycles in 304SS thin plates coated with cured Ag paste containing
(I) 20 wt% oxide glass frit, (II) 10 wt% AlgNi;o(LaCeNdGdY)s
MG frit and (IIT) 10 wt% (AlggNi o(LaCeNdGdY)s)esPbs MG frit.
Applied maximum strain value is 0.15% and frequency is 0.5 Hz.
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