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A metallic glass-metal matrix composite 
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Previous efforts [1-3]  at incorporating metallic 
glass ribbons into composite structures made use 
of only organic matrix material. This note reports 
results on the feasibility of fabricating a metallic 
glass-metal matrix composite. There are several 
advantageous reasons for incorporating metallic 
glass ribbons as reinforcements in metal matrix 
composites. For one, ribbon reinforcements should 
improve the transverse properties of the composite 
structure [4, 5]. Secondly, metallic glass ribbons 
offer both a broad spectrum of available alloy 
systems to choose from [6], as well as the 
attractive potential of  low-cost volume production 
[7]. Furthermore, a metal matrix composite pro- 
vides unique capabilities not available from an 
organic matrix composite [8]. Thus, the develop- 
ment of a metallic glass-metal matrix composite is 
attractive from the standpoint of achieving a 
promising structurally efficient, cost effective, 
material. 

In this study, Ni6oNb4o metallic glass was 
incorporated into a metal matrix composite by 
vacuum hot pressing strips of the metallic glass 
within a superplastic aluminium alloy. Earlier 
consolidation efforts [9] in an open hot press 
demonstrated that a strong interfacial bond can 
be achieved between the metallic glass ribbon and 
the matrix alloy. Unfortunately, in this earlier 
consolidation attempt, the incorporated metallic 
glass strips were reduced to fragments. The presence 
of severe biaxial stresses in the open press is 
thought to be responsible for the fragmentation. 
To alleviate this problem, a conventional vacuum 
hot press was used in this current effort. 

The metal matrix alloy used in this study is an 
aluminium alloy, developed by Alcan Ltd., having 
a composition of 90 wt % A1-5 wt % Ca-5  wt % 
Zn. The alloy becomes superplastic in the 450 to 
500°C temperature range and requires minimal 
pressure to induce plastic flow. Further details 
on the microstructure, metallurgy, and mech- 
anical properties of this alloy can be found in 

[10]. The alloy was obtained as a 2.3 mm thick 
sheet in the cold-rolled condition. Discs (2.2 cm in 
diameter) were punched from the sheet, given an 
abrasive finish with 600 grit SiC paper and ultra- 
sonically washed in ethyl alcohol before being 
placed in the press. 

For the metallic glass ribbon, a Ni6oNb4o alloy 
composition was chosen because of its ductility 
[11, 12] and reported 650°C crystallization tem- 
perature [ 13]. X-ray diffraction patterns of  the as- 
received, melt spun, ribbon revealed the usual 
amorphous rings. Bend tests were also performed 
on the as-received material to insure that the ribbon 
possessed adequate ductility. Strips were Cut from 
the ribbon and also given an ultrasonic wash in 
ethyl alcohol before being placed in the press. 

The vacuum hot press assembly is shown in 
Fig. 1. The procedure consisted of making up a 
stack of aluminium discs with the metallic glass 
strips interspersed between the discs. The stack 
was placed into a 2.54 cm diameter cavity of the 
hot press and put under a small sustained pressure. 
The vacuum press was evacuated to approximately 
10 -3 tort, and the graphite die assembly was slowly 
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Figure 1 Vacuum hot pressing of metallic glass - metal 
matrix composite. 
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Figure 2 Radiograph of composite showing no metallic 
glass fragmentation (1 em marker). 

heated to within the 450 to 500°C range. Ram 
travel and die temperature were continuously 
monitored. The compression of the stack was 
initiated when the onset of superplastic flow was 
detected. A final pressure of 17 MPa was used 
to fully compress the stack. Care was taken to 
avoid extruding material past the BN lubricated 
face discs. A radiograph of a compact processed 
in the above manner is shown in Fig. 2. No frag- 
mentation of the incorporated metallic glass 
strips is evident. 

The bond strength between the metallic glass 
strip and the matrix alloy was evaluated by per- 
forming a 180 ° bend test on a narrow sectioned 
portion of the compact. A macrograph of the 
bend specimen is shown in Fig. 3. No separations 
at the metallic glass - metal matrix interface can 

'be detected. Where cracks in the metallic glass 
occurred in the bend specimen, the interfacial 
adhesion was still strong enough to retard any 
debonding, as shown in Fig. 4. To check for evi- 
dence of crystallinity, X-ray diffraction patterns 
were obtained from metallic glass strips chemically 
extracted from the compact. Only an amorphous 
ring pattern was observed that was very similar to 

' the patterns taken of the as-received material. 
The results of  this study demonstrate that 

vacuum hot pressing is a feasible technique to 
fabricate metallic glass - metal matrix composites. 
The consolidation can be accomplished without 
the gross degradation of the incorporated metallic 
glass, provided the consolidation occurrs below 
the crystallization temperature of the metallic 
glass and at a temperature that insures extensive 
superplastic flow of the metal matrix. Advantage 
is thus taken of the superplastic nature of the 
matr ix  alloy to achieve good solid state bonding 

[14t. 
I f  these observations prove to be generally true, 

it should be possible to fabricate a wide assortment 
of metallic glass - metal matrix composites using 
processing schemes more amenable to large scale 
structures. Furture efforts plan to address the 
mechanical properties of these composites as well 
as to investigate the interfacial compatibility of this 
new class of materials. 
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Figure 3 180 ° bend specimen of 
sectioned composite showing 
A metallic glass and B aluminium 
matrix. 
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Figure 4 Fracture of a metallic glass strip in composite 
showing strong interracial adhesion A metallic glass and 
B aluminium matrix (20#m marker). 
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