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Materials

Abstract
Purpose: The work presents density measurements of bulk metallic glasses in as-cast state. Additionally casting 
method and structure characterization was displayed.
Design/methodology/approach: The studies were performed on Fe36Co36B19.2Si4.8Nb4 metallic glasses in form 
of rods with diameter 2 and 3 mm. Samples were fabricated using copper mould casting method. The master alloy 
characteristic temperatures (Tm – melting point and Tl – liquidus temperature) were determinate by differential 
thermal analysis (DTA). The structure was characterized by X-ray (XRD) method and scanning electron 
microscope (SEM). The densities of metallic glassy rods have been measured by using the Archimedes principle.
Findings: The XRD and SEM investigations revealed that the studied samples in form of rods were amorphous. 
Broad diffraction “halo” was observed for every testing piece. Fracture observation confirmed glassy state of 
samples. Archimedes principle allows calculating density of tested sample.
Practical implications: The FeCo-based bulk metallic glasses have attracted great interest for a variety 
application fields for example electric applications, precision machinery materials or structural materials. 
Metallic glasses exhibit higher density than their crystalline counterparts and could be apply as a satisfactory 
structural material.
Originality/value: The obtained results confirm the utility of applied investigation methods in the thermal and 
structure analysis of examined amorphous alloys. Density of metallic glasses is important properties which 
influence on specific application these materials. This materials offer attractive qualities, combining some of the 
desirable properties of conventional crystalline metals and the formability of conventional oxide glasses.
Keywords: Amorphous materials; Bulk metallic glasses; Copper mould casting; Density; Archimedes principle
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1. Introduction 

 
The atomic structure of metallic glasses is still unknown 

entirely. It characterized not by long-range atomic order like 
crystalline materials but reveal short- and medium-range order 
at the atomic scale [1-2]. 

First metallic glasses were discovered in 1960 in Au80Si20 
liquid metal. Since then, many of research centres working on 
new alloy systems with glass forming ability. In effect dimensions 
of glassy samples were rise progressively. And finally, in 1969, 
a first bulk metallic glass was reported. It was discovered from Pd 
based alloy system and had >1 mm diameter. From 1988 interest 
in the development of bulk metallic glasses (BMG) contribute 
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Fig. 8. SEM micrographs of the fracture morphology of Fe36Co36B19.2Si4.8Nb4 amorphous rod with diameter of 2 mm in as-cast state:  
A – magn. 1000x, B – magn. 6000x 
 
 

 
Fig. 9. SEM micrographs of the fracture morphology of Fe36Co36B19.2Si4.8Nb4 amorphous rod with diameter of 3 mm in as-cast state:  
A – magn. 500x, B – magn. 6000x 
 
 
Table 3. 
Student`s coefficients with number of measurement -n and 
confidence level -  

n  
0.5 0.7 0.95 0.997 

2 1.00 1.96 12.71 636.6 
3 0.82 1.34 4.30 31.6 
4 0.77 1.25 3.18 12.9 
5 0.74 1.19 2.78 8.6 
6 0.73 1.16 2.57 6.9 
7 0.72 1.13 2.45 6.0 
8 0.71 1,12 2.36 5.4 

 
Density measurements show that Fe36Co36B19.2Si4.8Nb4 bulk 

glassy alloy reveal density about 7.7 g/cm3. For samples with 
diameter 2 mm density average =(7.652±0.054) g/cm3 for first 
sample (P1) and =(7.721±0.083) g/cm3 for second sample (P2) 
Tables 4-5 and 7-8 present results of density measurements for 
glassy rods with diameter 2 mm. Tables 6 and 9 show measurement 
errors calculations including Student`s test.  

Table 4. 
Sample P1 mass measurement in air and in liquid 

2 mm – P1 
No m1 (in air) m2 (in liquid) 
1 0.254 0.220 
2 0.254 0.221 
3 0.254 0.221 
4 0.254 0.221 
5 0.254 0.221 

 
Table 5. 
Density results for P1 with diameter 2 mm 

No 
Density 

m1/(m1-m2)*liquid density 
1 7.471 
2 7.697 
3 7.697 
4 7.697 
5 7.697 
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Fig. 8. SEM micrographs of the fracture morphology of Fe36Co36B19.2Si4.8Nb4 amorphous rod with diameter of 2 mm in as-cast state:  
A – magn. 1000x, B – magn. 6000x 
 
 

 
Fig. 9. SEM micrographs of the fracture morphology of Fe36Co36B19.2Si4.8Nb4 amorphous rod with diameter of 3 mm in as-cast state:  
A – magn. 500x, B – magn. 6000x 
 
 
Table 3. 
Student`s coefficients with number of measurement -n and 
confidence level -  

n  
0.5 0.7 0.95 0.997 

2 1.00 1.96 12.71 636.6 
3 0.82 1.34 4.30 31.6 
4 0.77 1.25 3.18 12.9 
5 0.74 1.19 2.78 8.6 
6 0.73 1.16 2.57 6.9 
7 0.72 1.13 2.45 6.0 
8 0.71 1,12 2.36 5.4 

 
Density measurements show that Fe36Co36B19.2Si4.8Nb4 bulk 

glassy alloy reveal density about 7.7 g/cm3. For samples with 
diameter 2 mm density average =(7.652±0.054) g/cm3 for first 
sample (P1) and =(7.721±0.083) g/cm3 for second sample (P2) 
Tables 4-5 and 7-8 present results of density measurements for 
glassy rods with diameter 2 mm. Tables 6 and 9 show measurement 
errors calculations including Student`s test.  

Table 4. 
Sample P1 mass measurement in air and in liquid 

2 mm – P1 
No m1 (in air) m2 (in liquid) 
1 0.254 0.220 
2 0.254 0.221 
3 0.254 0.221 
4 0.254 0.221 
5 0.254 0.221 

 
Table 5. 
Density results for P1 with diameter 2 mm 

No 
Density 

m1/(m1-m2)*liquid density 
1 7.471 
2 7.697 
3 7.697 
4 7.697 
5 7.697 
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Table 6. 
Student`s test calculation for P1 with diameter 2 mm 

Student`s test 
No Density Squares Average Standard deviation Student`s coefficient Modified standard deviation 
1 7.471 55.816 

7.652 0.045 1.19 0.054 

2 7.697 59.244 
3 7.697 59.244 
4 7.697 59.244 
5 7.697 59.244 

Sum 38.259 292.791     
 
 

Table 7. 
Sample P2 mass measurement in air and in liquid 

2 mm – P2 
No m1 (in air) m2 (in liquid) 
1 0.548 0.479 
2 0.548 0.478 
3 0.548 0.476 
4 0.548 0.476 
5 0.548 0.476 

 
 
Table 8. 
Density results for P2 with diameter 2 mm 

No 
Density 

m1/(m1-m2)*liquid density 
1 7.942 
2 7.829 
3 7.611 
4 7.611 
5 7.611 

 
 
Table 9. 
Student`s test calculation for P2 with diameter 2 mm 

Student`s test 
No Density Square Average Standard deviation Student`s coefficient Modified standard deviation 
1 7.942 63.075 

7.721 0.070 1.19 0.083 

2 7.829 61.293 
3 7.611 57.927 
4 7.611 57.927 
5 7.611 57.927 

Sum 38.604 298.151 
 
 
Table 10. 
Sample P3 mass measurement in air and in liquid 

3 mm – P3 
No m1 (in air) m2 (in liquid) 
1 0.386 0.336 
2 0.386 0.336 
3 0.386 0.336 
4 0.386 0.336 
5 0.386 0.337 

 

Table 11. 
Density results for P3 with diameter 3 mm 

No Density 
m1/(m1-m2)*liquid density 

1 7.720 
2 7.720 
3 7.720 
4 7.720 
5 7.878 

 
 
Table 12. 
Student`s test calculation for P3 with diameter 3 mm 

Student`s test 
No Density Square Average Standard deviation Student`s coefficient Modified standard deviation 
1 7.720 59.598 

7.752 0.032 1.19 0.038 

2 7.720 59.598 
3 7.720 59.598 
4 7.720 59.598 
5 7.878 62.063 

Sum 38.758 300.456 
 
 
Table 13. 
Sample P4 mass measurement in air and in liquid 

3 mm – P4 
No m1 (in air) m2 (in liquid) 
1 0.486 0.424 
2 0.486 0.422 
3 0.485 0.424 
4 0.485 0.422 
5 0.486 0.423 

 
 
Table 14. 
Density results for P4 with diameter 3 mm 

No Density 
m1/(m1-m2)*liquid density 

1 7.839 
2 7.594 
3 7.951 
4 7.698 
5 7.714 

 
 
Table 15. 
Student`s test calculation for P4 with diameter 3 mm 

Student`s test 
No Density Square Average Standard deviation Student`s coefficient Modified standard deviation 

1 7.839 61.450 

7.759 0.062 1.19 0.073 

2 7.594 57.669 
3 7.951 63.218 
4 7.698 59.259 
5 7.714 59.506 

Sum 38.796 301.102 
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For samples with diameter 3 mm density average  
=(7.752±0.038) g/cm3 for first sample (P3) and =(7.759±0.073) 

g/cm3 for second sample (P4). Tables 10-11 and 13-14 present 
results of density measurements for glassy rods with diameter 3 
mm. Table 12 and 15 show measurement errors calculations 
including Student`s test. 

On the basis of obtained measurement it was found that 
density of glassy rods of Fe36Co36B19.2Si4.8Nb4 alloy average 
7.7 g/cm3. There is no meaningful difference between densities of 
samples with different dimension. Figure 10 present density 
results for bulk glassy rods with diameter 2 and 3 mm. 

 

 
 
Fig. 10. Density results with error measurements for bulk metallic 
glasses with diameter 2 and 3 mm 
 
 

4. Conclusions 
 

The results obtained are summarized as follows: 
 the bulk samples in form of rods with diameter of ø=2.0 and 

ø=3.0 mm were performed at Fe36Co36B19.2Si4.8Nb4 alloy by 
pressure die casting method. It was found that this method 
allow fabricate bulk metallic glasses in different diameter, 

 the DTA results indicate, that the chemical composition of 
investigated alloy is eutectic (or near eutectic). Thermal 
analysis allow identification liquidus and solidus temperatures 
of master alloy,  

 the X-ray diffraction investigation revealed that the rods with 
diameter of ø=2.0 and ø=3.0 mm has amorphous structure, 

 the SEM images showed that studied fractures could be 
classified as mixed fractures with indicated two zones 
contained “vein” and “smooth” areas, 

 the density of sample with diameter 2 mm average 
=(7.652±0.054) g/cm3 for first sample P1 and 
=(7.721±0.083) g/cm3 for second sample P2, 

 the density of samples with diameter 3 mm average 
=(7.752±0.038) g/cm3 for first sample P3 and 
=(7.759±0.073) g/cm3 for second sample P4,  

 there is no meaningful difference between densities of 
samples with different dimension. 
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