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Nowadays, Mg-based amorphous alloys are very attractive materials used in industries such as the automotive, aviation and
medical industries. This group of bulk metallic glasses has specific properties such as corrosion resistance, strength and stiffness
that are higher than those of crystalline ones. Also, Mg-based amorphous alloys are characterized by their high glass-forming
ability, low density, good ductility, light weight, low cost, and good thermal and electrical conductivities. This work presents the
basic information regarding metallic glasses. The project was focused on Mg-based bulk metallic glasses. The work shows the
results of a differential thermal analysis (DTA), differential scanning calorimetry (DSC) and calorimetric surveys that
determined the temperature at the beginning and at the end of crystallization. X-ray studies were performed and they confirmed
the formation of the alloy’s amorphous structure. The results of cross-sectional SEM and EDS were presented using a scanning
electron microscope. This confirmed the homogeneity of the chemical composition and the structure of amorphous samples in
the form of a plate with a thickness of 1 mm and a width of 5 mm. The value of the average sample microhardness is 295 HV.
Keywords: bulk metallic glasses, Mg-based amorphous alloys, SEM, XRD, microhardness
Dandanes so amorfne zlitine zelo atraktiven material, ki se uporablja v industriji, kot je npr.: avtomobilska, letalska ter medicinska industrija. Ta skupina kovinskega stekla ima specifi~ne lastnosti, kot so npr.: odpornost proti koroziji, zdr`ljivost in togost,
precej bolj{e kot kristalna skupina. Prav tako je za amorfne zlitine na osnovi Mg zna~ilna njihova visoka sposobnost oblikovanja
stekla, nizka gostota, dobra duktilnost, majhna te`a, nizki stro{ki in dobre toplotne in elektri~ne prevodnosti. Delo predstavlja
osnovno informacijo o kovinskih steklih. Projekt je bil fokusiran na masivnih kovinskih steklih na osnovi magnezija. Delo
prikazuje rezultate diferencialne termalne analize (angl. DTA) in diferen~ne dinami~ne kalorimetrije (angl. DSC), kolorimetri~nimi analizami, ki so dolo~ile temperaturo na za~etku in na koncu kristalizacije. Izvedene so bile rentgenske {tudije, ki so
potrdile nastanek amorfne strukture zlitine. Rezultati pre~nega prereza SEM in EDS so bile predstavljene s pomo~jo skeniranja
z elektronskim mikroskopom. To je potrdilo homogenost struktur kemijske sestave in amorfnih vzorcev v obliki plo{~e z debelino 1 mm in {irine 5 mm. Vrednost mikrotrdote povpre~nega vzorca je 295 HV.
Klju~ne besede: masivna kovinska stekla, amorfne zlitine na bazi Mg, SEM, XRD, mikrotrdota

1 INTRODUCTION
It is widely known that amorphous alloys, called bulk
metallic glasses, are characterized by favorable properties due to their structural qualities. These properties
include high resistance, high ductility, high corrosion
resistance and surface quality. For the bulk metallic
glasses based on La-, Mg-, Zr-, Pd-, Fe-, Ni-, Cu-, Co-,
investigations were conducted, initiating wide application possibilities.1,4 Due to the high glass-forming ability
and excellent mechanical properties, especially low
density, Mg-based BMGs are considered to be new,
promising materials.1–3
Mg-based amorphous alloys are often prepared in an
Mg-TM-RE system, in which TM is a transition metal,
while RE is a rare-earth element. In 1991, Inoue, with
his colleagues, generated an amorphous alloy of the
following chemical composition: Mg65Cu25Y10. For such
alloys, the high cooling rate of amorphous samples with
a 4-mm diameter was found to be about 102 K/s.
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Mg-based amorphous alloys are typically characterized
with a better resistance to the ultimate tensile strength,
crack resistance or compressive strength than their crystalline equivalents.4
There are various methods for producing bulk metallic glasses including the method of rapid cooling of
crystalline alloys. Other methods for the production of
bulk metallic glasses include: high-pressure die casting,
copper-mold casting, the cap-cast technique and the
suction-casting method. High-pressure die casting is the
most popular and common method for producing bulk
metallic glasses. The advantages of this method are:
rapid molding, which can achieve a high cooling rate,
and a good contact with the copper-alloy form, especially under the influence of high-pressure applications.
However, a disadvantage of this method is that pores
form as a result of shrinkage during the solidification of
the liquid metal. This method is used for the production
of complex shapes, where differently shaped molds
allow the casting of the material in the forms of rods and
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plates. This method was used by Inoue to produce BMGs
in the Mg-Cu-Y alloy system.5,6
In this paper, the authors report their fabrication and
investigation of the Mg65Cu25Y10 alloy in the form of
plates, which were prepared with the method of highpressure die casting. The purpose of the investigation
was to obtain amorphous plates that can be sintered in
the future.
2 EXPERIMENTAL PART
2.1 Materials
Three samples with a composition of Mg65Cu25Y10
were prepared using elemental cuts of magnesium
(99.99 % purity), copper (99.95 % purity) and yttrium
(99.99 % purity). Weight masses of individual elements
(Mg, Cu, Y) are shown in Table 1.
Table 1: Characteristics of the elements utilized (Mg, Cu, Y)

Element

Mg65Cu25Y10/30g

Mg
Cu
Y

11.608 g
11.7458 g
6.5733 g

Melting temperature of
the element
650 °C
1085 °C
1522 °C

2.2 Research methodology
The studied alloy was made in two steps. The first
step was the preparation of pure Cu and Y to obtain a
binary alloy in an Al2O3 crucible by means of induction
melting in an argon atmosphere. Then the Cu-Y alloy
was melted with pure Mg in the Al2O3 crucible in an
electric chamber furnace in an argon atmosphere.2,7–9 The
studied three samples were produced with the pressuredie-casting method in the form of plates with a thickness
of 1 mm and a width of 5 mm (Figure 1).
By means of a differential thermal analysis (DTA),
investigations were conducted on the thermal properties
of the preliminary alloy Mg65Cu25Y10, which was applied
to the cast bulk metallic glasses in the form of plates.
These investigations were conducted with a scanning
calorimeter, Netzsch DSC 404C, in a temperature range
of 200–800 °C. The heating rate was found to be
10 K/min and the measurements were conducted in the

protective argon atmosphere. By means of the DSC
(differential scanning calorimetry) method and the
scanning calorimeter Netzsch DSC 404C, investigations
of the crystallization process of the generated bulk
metallic glasses in the form of plates, cast in a temperatures range of 100–600 °C, were conducted. The
measurements were conducted in the protective argon
atmosphere with a heating rate of 10 K/min. After the
analysis of the obtained thermal results, the crystallization temperature and glass formation of the studied
samples in the form of plates were established. The
glass-forming temperatures were read at the inflection
point of the DSC baseline towards the endothermic
effect. The temperature of the crystallization beginning
at Tx was set at the tangent intersection point with the
line of the exothermic process. Meanwhile, the temperature of the crystallization peak represented the peak of
the exothermic process Tp.10
An X-ray diffractometer, X’Pert Pro Panalytical, was
used to study the structures of the fabricated plates. The
data of diffraction lines were recorded using the stepscanning method in a 2q range of 20–90° and with a
0.013° step.11
The particle size and shape of the Mg65Cu25Y10 plate
fractures were characterized using the scanning electron
microscopy (SEM) SUPRA 25 ZEISS with a magnification of up to 2000×.12
Microhardness values of the samples were measured
with a Vickers hardness-testing machine with automatic
track measurement using the image analysis FUTURETECH FM-ARS 9000.13 The microhardness measurements were made under a load of 100 g For each of the
prepared samples, seven particles were tested.
3 RESULTS AND DISCUSSION
3.1 DTA
The DTA method was used to determine the onset
(Tm) and end (TL) melting temperatures of the
Mg65Cu25Y10 master alloy. The tests were carried out
using the Netzsch DSC 404C calorimeter within the
temperature range of 200–800 °C, at the heating rate of
10 K/min in an argon protective atmosphere. The Tm

Figure 1: Three samples: a) sample 1, b) sample 2, c) sample 3, produced with the pressure-die-casting method
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tallization (Tp) temperatures. The investigations were
carried out using the Netzsch DSC 404C calorimeter in
the temperature range of 100–400 °C. The measurements
were carried out in an argon protective atmosphere and
at the heating rate of 10 K/min.
The results of the calorimetric DSC investigations are
presented in the Table 2.
Table 2: Results of the calorimetric DSC investigations

Sample 1
Sample 2
Sample 3
Average
Figure 2: DTA curve for the Mg65Cu25Y10 master alloy

temperature was 440 °C and the TL temperature was 592
°C (Figure 2).
3.2 DSC
The DSC method was used to determine the glasstransition (Tg), onset-crystallization (Tx) and peak-crys-

Figure 3: DSC curves: a) sample 1, b) sample 2, c) sample 3 of
Mg65Cu25Y10 metallic glasses
Materiali in tehnologije / Materials and technology 51 (2017) 4, 563–567

Tg (°C)
122
141
138
134

Tx (°C)
180
184
187
184

Tp (°C)
188
190
192
190

DTx (°C)
58
43
49
50

The glass-forming temperature of the plates was
within a range of 122–141 °C. The difference between
the initial temperature and the crystallization peak was
consecutively 8 °C, 6 °C and 5 °C. The value of the DTx
parameter for Sample 1 was – 58 °C, for Sample 2 – 43
°C, and for Sample 3 – 49 °C (Figures 3a to 3c). The
average value of the DTx parameter was 50 °C. The

Figure 4: XRD patterns: a) sample 1, b) sample 2, c) sample 3 of
Mg65Cu25Y10 metallic glasses in the form of plates
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higher the value of DTx, the better was the glass-forming
property of the material. DTx is the difference between
temperatures Tx and Tg.
For the Mg65Cu25Y10 alloy, the value given in the literature is 65 °C.
3.2 XRD analysis
X-ray diffraction tests were carried out with an X-ray
diffractometer X’Pert Pro with a cobalt anode. Figures
4a–c show that the test samples of the Mg65Cu25Y10 alloy
have an amorphous structure. The XRD patterns show a
broad halo between 30–50°, which is typical for
amorphous structures of magnesium alloys. Even more, a
single diffraction peak (Figure 4a) can be observed on
the amorphous halo, which might suggest the beginning
of oxidation of the prepared sample.

3.3 Microstructure
Fractographic investigations of the sample fracture
surfaces (Figures 5 to 7) revealed that they were characterized by a mixed-mode morphology. Selected areas
were characterized by both "smooth" and "flake-like"
fracture morphologies. The areas with the "flake-like"
morphology are characteristic of hard and brittle alloys.
These properties are characteristic of bulk metallic
glasses based on magnesium. A photographic analysis
showed that the investigated fracture surfaces had an
appearance characteristic of an amorphous material.
3.4 Microhardness
Three samples in the form of Mg65Cu25Y10 alloy
plates were subjected to a microhardness investigation.

Figure 5: Fracture morphology of sample 1 of Mg65Cu25Y10, SEM images with magnifications of: a) 200×, b) 500×, c) 2000×

Figure 6: Fracture morphology of sample 2 of Mg65Cu25Y10, SEM images with magnifications of: a) 200×, b) 500×, c) 2000×

Figure 7: Fracture morphology of sample 3 of Mg65Cu25Y10, SEM images with magnifications of: a) 200×, b) 500×, c) 2000×
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the temperature at the beginning of crystallization of
Tx = 184 °C, the crystallization peak temperature of
Tp = 190 °C and the calculation of the parameter
DTx = 50 °C.
Fractographic investigations of fracture surfaces
indicated the presence of a "flake-like" fracture morphology, which is characteristic of brittle materials and a property characteristic of Mg-based bulk metallic glasses.
Microhardness investigations allowed the determination of the mean hardness, which was 295 μHV.

5 REFERENCES
Figure 8: Results of the measured microhardness for three samples of
Mg65Cu25Y10
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microhardness values for the amorphous plates of
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and 318 μHV (Figure 8). The mean hardness was 295
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Table 3: Microhardness measurements of the samples

Measurement
1
2
3
4
5
6
7
Average

Sample 1
(μHV)
304
307
300
304
302
285
300
300

Sample 2
(μHV)
300
239
285
277
291
318
314
289

Sample 3
(μHV)
304
316
295
302
289
283
281
296

4 CONCLUSIONS
Based on the conducted DTS, DSC, X-ray investigations, fracture-surface and microhardness investigations of the Mg65Cu25Y10 samples, the following conclusions were formulated:
Samples of bulk metallic glass in the form of plates
with a thickness of 1 mm and a width of 5 mm were
created using the method of pressure casting.
X- ray investigations confirmed that the samples had
an amorphous structure.
Calorimetric investigations allowed the establishment
of the mean glass-forming temperature of Tg = 134 °C,

Materiali in tehnologije / Materials and technology 51 (2017) 4, 563–567

1

G. B. Liu, P. Gao, Z. Xue, S. Q. Yang, M. L. Zhang, Study on the
formation of new Mg–Cu–Ti–Y quaternary bulk metallic glasses
with high mechanical strength, Journal of Non-Crystalline Solids,
358 (2012), 3084–3088
2
R. Nowosielski, A. Lebuda, R. Babilas, P. Sakiewicz, Manufacturing
of Mg65Cu25Y10 bulk metallic glasses, XVI. International Student
Scientific Session, Materials and Technologies of the XXI Century,
Katowice, 2014
3
C. Suryanarayana, A. Inoue, Bulk metallic glasses, Boca Raton, CRC
Press, 2011
4
R. Babilas, A. Zaj¹czkowski, W. G³uchowski, R. Nowosielski,
Preparation and glass-forming ability of Mg-based bulk amorphous
alloys, Journal of Achievements in Materials and Manufacturing
Engineering, 62 (2013) 2, 78–86
5
L. Wang, K. Q. Qiu, J. H. You, Y. L. Ren, R. D. Li, Phase separation
and sample size independence of fracture strength for
(Mg0.585Cu0.305Y0.11)95Be5 bulk metallic glass, Journal of
Non-Crystalline Solids, 370 (2013), 1–5
6
R. Babilas, A. Lebuda, K. Cesarz-Andraczke, P. Sakiewicz, R.
Nowosielski, Technology development of magnesium-based bulk
amorphous alloys, Selected Engineering Problems, (2013) 4, 9–13
7
X. Hui, R. Gao, G. L. Chen, S. L. Shang, Y. Wang, Z. K. Liu,
Short-to-medium-range order in Mg65Cu25Y10 metallic glass,
Physics Letters, A 372 (2008) 17, 3078–3084
8
H. Ma, Q. Zhang, J. Xu, Y. Li, E. Ma, Doubling the critical size for
bulk metallic glass formation in the Mg-Cu-Y ternary system,
Journal of Materials Research, 20 (2005), 2252–2255
9
R. Nowosielski, R. Babilas, A. Guwer, A. Gawlas-Mucha, A.
Borowski, Fabrication of Mg65Cu25Y10 bulk metallic glasses,
Archives of Materials Science and Engineering, 53 (2012) 2, 77–84
10
L.-L. Shi, H. Xu, Mg based bulk metallic glasses: Glass transition
temperature and elastic properties versus toughness, Journal of
Non-Crystalline Solids, 357 (2011), 2
11
M. Karolus, X-ray structure of the test method for amorphous and
nanocrystalline materials, First edition, Katowice, 2011
12
L. Klimek, The scanning electron microscope in biomedical
engineering, £ódŸ University of Technology publishing, £ódŸ, 2012
13
J. Q. Wang, P. Yu, H. Y. Bai, Minor addition induced enhancement of
strength of Mg-based bulk metallic glass, Journal of Non-Crystalline
Solids, 354 (2008), 5440–5443

567

