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Synthesis and Properties of Amorphous Matrix Composites
using Cu-based/Ni-based Amorphous Powders
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Abstract This work is to present a new synthesis of metallic glass (MG)/metallic glass (MG) composites
using gas atomization and spark plasma sintering (SPS) processes. The MG powders of CuyNi Zr,,Ti,; (CuA) and
NiZr,sTi,;Nb,Si,Sn,Al, (NiA) as atomized consist of fully amorphous phases and present a different thermal
behavior; T, (glass transition temperature) and T, (crystallization temperature) are 716K and 765K for the Cu base
powder, but 836K and 890K for the Ni base ones, respectively. SPS process was used to consolidate the mixture of
each amorphous powder, being CuA/10%NiA and NiA/10%CuA in weight. The resultant phases were Cu crys-
talline dispersed NiA matrix composites as well as NiA phase dispersed CuA matrix composites, depending on
the SPS temperatures. Effect of the second phases embedded in the MG matrix was discussed on the micro-

structure and mechanical properties.

Keywords : Cu- and Ni-based glass powders, Amorphous/amorphous Composites, Gas atomization, SPS, Glass
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Fig. 1. Morphology of Cu-based (a) and Ni-based (a)
amorphous powders.
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Fig. 2. Microstructure of SPSed monolithic MG of CuA (a) and NiA (b), and MG matrix composites of CuA/10NiA (b) and

NiA/10CuA (d).
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Fig. 3 DSC results of monolithic MG and MG matrix com-
posites.
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Table 1. Thermal analysis of monolithic MG and MG matrix composites
Properties - AT(=Tg-Tx) AH
Specimen le (K) Tx (K) X) Jg)
Monolithic MG 718.0 761.9 439 63.1
Cu-based . .
MG matrix composite 716.4 760.5 44.1 56.8
. Monolithic MG 839.0 891.0 44.7 52.0
Ni-based . .
MG matrix composite 847.9 886.3 56.5 38.4
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Fig. 4 XRD results of monolithic MG and MG matrix
composites.
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Fig. 5. Microstructures of MG matrix composites after
hardness test.
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Table 2. Mechanical properties of monolithic BMG and BMG matrix composites

. Cu-based Ni-based
Specimen — - T .
Properties Monolithic MG matrix Monolithic MG mat.rlx
MG conposite MG composite
Density (g/cm’) 7.24 7.27 7.65 7.61
Cu-based Phase 560(Amor) 567(Amor) - 785(Cryst)
Hardness (Hv) .
Ni-based Phase - 733(Amor) 734(Amor) 776(Amor)
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Fig. 6. Compressive test results of monolithic BMG and
MG matrix composites.
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