
Introduction 

The viscosity of a metallic alloy varies 

dramatically over a relatively narrow 

temperature range. 

Fragility can be defined by the behavior of the 

viscosity of the liquid.  

Fragile metallic glass-          

forming alloys are          

generally made up of          

fewer components1 and            

display a more rapid        

change of viscosity                 

near the glass transition         

temperature, Tg, as        

shown in Fig. 1.  

Fragility allows us to predict the glass-forming 

ability of a liquid.2 However, there is not yet a 

clear connection between fragility and the 

atomic structure.3 In this work, we are trying 

see if this connection exists.  

Materials and methods  

Eight different alloys of Cu55-x Zr45 Alx were 

prepared in an inert atmosphere. 
• x = 0, 2, 4, 6, 7, 8, 9, 12 

 

 

 

 

 

 

 

 

Samples were levitated, melted, and high energy 

x-ray diffraction images were taken at  the 

Advanced Photon Source, schematically shown 

in Fig. 2.  For more information see Ref. 4.  

Conclusions 

• While no trend was expected, we saw a 

modest negative trend correlating rate 

of change of S(q1) and aluminum 

percentage. 

 

• From this investigation, a link between 

the structure and fragility is apparent.  

 

• As more aluminum is added, the 

fragility decreases. 

 

• Larger slope is indicative of fragile 

metallic alloys, as a smaller slope is 

indicative of stronger metallic 

alloys.  

 

• While we used the static structure factor 

in this experiment, in the future we 

hope to analyze the pair correlation 

function and its relation to fragility. 

 

• Pair correlation function, g(r), 

represents the probability of finding 

a particle at a set distance from an 

initial particle. 
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New evidence linking atomic structural evolution and viscosity 

in the metallic glass-forming CuZrAl system

Abstract 
At a rate of millions of degrees per second, liquid metallic alloys can be cooled and crafted into an exotic 

solid phase - the metallic glass. While all metallic liquids can be formed into a glass, the ease of doing so 

varies drastically for different compositions. Despite the intense efforts that have gone into understanding the 

behavior of the viscosity and the structural evolution of the liquids, the connection between the two remains 

unclear. In this investigation we uncover integral new evidence that supports a link between viscosity and 

atomic structure. The atomic structure of several metallic glass-forming alloys is investigated through the use 

of high energy x-ray diffraction. By adjusting the aluminum content in CuZrAl, it has been shown that we can 

tune the glass-forming ability of that alloy. Careful analysis of the calculated structure factors illuminates a 

connection between how rapidly aspects of the structure and viscosity change.   
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The structure factor, S(q), was calculated 

as a function of temperature for all 

compositions, as shown in Fig. 3, 

and represents dominant length scales in 

the liquid. 

 

Unlike crystalline solids, atoms in a 

liquid organize at characteristic distances, 

rather than fixed locations. 

We fit the first peak of each temperature 

(Fig. 3) for every compound and plotted 

the peak heights with respect to 

temperature, as shown in Fig. 4.   

 

The high temperature slope was 

extracted for each composition, which 

will be referred to as δ. 

 

The δ are larger when the aluminum 

percentages are lower, as shown in Fig. 

5.  A small, negative trend is observed 

with increasing aluminum content. New 

viscosity data (not shown here) 

demonstrate that as the aluminum 

concentration is increased, the liquid 

becomes stronger, providing evidence 

for a correlation between kinetics and 

structure in this system.  

Figure 2 

Results 


