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ABSTRACT 

The thermal properties of an amorphous alloy (composition in at.%: 
Zr-lOAI-5Ti-l7.9Cu-14.6Ni), and particularly the glass transition and crystallization temperature 
as a function of heating rate, were characterized using Differential Scanning Calorimetry (DSC). 
X-ray diffraction analyses and Transmission Electron Microscopy were also conducted on samples 
heat-treated at different temperatures for comparison with the DSC results. Superplasticity in the 
alloy was studied at 41O”C, a temperature withitrthe supercooled liquid region. Both single strain 
rate and strain rate cycling tests in tension were carried out to investigate the deformation behavior 
of the ahoy in the supercooled liquid region. The experimental results indicated that the alloy did 
not behave like a Newtonian fluid. 

INTRODUCTION 

Metallic glasses fabricated by rapid quenching from the melt were first discovered in 1960 [ 11. 
Because of the high quench rate requirements (104 - 106 K/s), only thin ribbons and sheets with a 
thickness less than 0.1 mm could be fabricated. One of the most important recent developments in 
the synthesis of amorphous materials is the discovery that certain metallic glasses can be fabricated 
from the liquid state at cooling rates of the order of 10 K/s. This enables the production of bulk 
amorphous alloys with a thickness of -10 mm. While advances in amorphous metallic alloy 
development have been impressive, they have been made largely through empirical approaches. 
Amorphous alloys in bulk form can be characterized, in fact, by some empirical rules [2]: (a) multi- 
components (at least three, and very often five components), (b) a large difference in atomic size, 
(c) “deep” eutectics in phase diagrams of the alloys, and (d) a large value of AT = Tx-T, (T, and 
T, are the crystallization and glass transition temperatures, respectively). 

Bulk amorphous alloys have many potential applications resulting from their unique properties. 
Among those worth mentioning are: superior strength and hardness, excellent corrosion resistance 
[3], shaping and forming in a viscous state [4], reduced sliding friction and improved wear 
resistance [5], and extremely low magnetic energy loss. These properties should lead to 
applications in the fields of near-shape fabrication by injection molding and die casting, coatings, 
joining and bonding, biomedical implants, and synthesis of nanocrystalline and composite 
materials [2]. Also, the development of bulk amorphous alloys with soft magnetic properties 
would be extremely beneficial for energy conservation. 

The mechanical behavior of metallic glasses is characterized by either inhomogeneous or 
homogeneous deformation. Homogeneous deformation usually takes place at high temperatures 
(>0.7OTg) [6], and the material can often exhibit significant plasticity. The transition temperature 
Tt, from mhomogeneous to homogeneous deformation (or brittle-to-ductile transition) is strongly 
dependent upon strain rate. For example, Tu for a ZrssAllfiitcCuts alloy is about 533K 
(corresponding to 0.82Ts) at 5 x lOA s-t, but is 652K (corresponding to l.OTs) at 5 x 10-Z s-t [4]. 
The strain rate MPa produced a creep rate of 0.5 S-’ . The 

strain rate sensitivity value was estimated to be about one, suggesting possible Newtonian 

flow. 
Since the test temperature of 425°C was higher than Tx, a dispersion of 0.4 pm crystalline grams in 
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m in equation (5 = KP, where r is strain rate, rs is stress, and K is a constant, were measured by 
strain rate cycling tests between 10-2 and 7 x IO-3 s-1. Some observations are readily made. There ‘. 1s no steady state after each strain rate cycle, making it difficult to determine accurately the strain 
rate sensitivity. This difficulty can probably be attributed to structural instability during testing. It 
is noted that, despite the fact that 410°C is below the crystallization temperature, an external applied 
stresses can promote crystallization in amorphous alloys [18]. Thus, it is believed that some nano- 
scale, crystallized phase evolved during the course of the test, It is known that the presence of 
nanocrystalline phases can significantly affect the mechanical properties of an metallic glass. For 
example, Busch et al [IO] recently showed that the presence of crystalline phases increases the 
ViSCOSity of a ~46.75Ti8.2sCU7.sNi~~Be27.s metallic glass. This observation is also consistent 
with the results of Kim et al [19, 201 who reported that the fracture strength of an amorphous 
/&gNitoY2 was doubled if the alloy was cTystaUized and contained 5-12 nm Al particles. 
Therefore, in the present strain rate cycle test, a continuous strengthening is proposed to be a result 
of the continuous precipitation of nanocrystals in the amorphous matrix. In fact, this is also 
reflected by a slight increase in stress after the initial yield drop (strain >0.4) shown in FIGO3. 
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FIG03 Stress-strain 
curve for amorphous 
Zr-lOAl-5Ti-17.9C 
u-14.6Ni alloy 
tested at a constant 
strain rate of IO-* s-t 
and at 41O’C. 

FIG04 Results from 
a strain-rate-cycling 
test at 410°C. 

It is noted in FIG04 that, after each strain rate decrease, except for the first one, there is no 
steady-state flow region. The gradual decrease in flow stress after decreasing the strain rate results 
from sample necking. Data from FIGsO and 04 indicate that significant sample necking occurs at 
a strain of approximately 0.7-0.8, as discussed previously. The fracture strain obtained in the 
strain-rate-cycling test is similar to that in a constant strain rate test. 

From the above results, it may be tentatively concluded that the strain-rate-cycling test, which 
is commonly used for measuring strain rate sensitivity values, and thus inferring deformation 
mechanism in superplastic polycrystalline alloys, may be an inappropriate method for metallic 
glasses. This is because the structure of a metallic glass is unstable compared to that of a fine- 
grained superplastic alloy, especially under stress. 



It is worth noting that from PIG04 the average “apparent” strain rate sensitivity for the present 
alloy is computed to be about 0.5. Although structural instability can contribute to some variations 
in determining the “true” strain rate sensitivity value, its influence is not expected to be sufficiently 
great to imply a “true” strain rate sensitivity value of as high as one. In other words, the present 
alloy does,not behave like a Newtonian fluid. The non-Newtonian behavior is also reflected by the 
fracture appearance of tested samples (PIGOl). The deformation behavior of an ideal Newtonian 
fluid is, in principle, uniform and would not be expected to exhibit significant local necking. 

SUMMARY 

The glass transition and crystallization temperatures of an amorphous alloy (composition in 
at.%: Zr-lOAl-5Ti-17.9Cu-i4.6Ni) are dependent upon the heating rate; the faster the heating 
rate, the higher the temperature. The deformation behavior of the alloy at 4lO’C (within the 
supercooled liquid region) was characterized, The alloy was found to exhibit a large tensile 
elongation of over 250% at a high strain rate of lo-2 s-t. Due to structural instability it is difficult 
to determine the “true” strain rate sensitivity value. However, pmllminary experimental results 
indicated that the alloy does not behave like a Newtonian fluid (m=l). This is supported by the 
observation that tensile samples deformed non-uniformly and exhibited macroscopic necking. 
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