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Abstract

To the main advantages of magnesium alloys belongs their low density, and just because of such property the alloys are used in
aviation and rocket structures, and in all other applications, where mass of products have significant importance for conditions of their
operation. To additional advantages of the magnesium alloys belongs good corrosion resistance, par with or even surpassing aluminum
alloys. Magnesium is the lightest of all the engineering metals, having a density of 1.74 g/cm’. It is 35% lighter than aluminum (2.7 g/cm”)
and over four times lighter than steel (7.86 g/cm’). The Mg-Li alloys belong to a light-weight metallic structural materials having mass
density of 1.35-1.65 g/cm’, what means they are two times lighter than aluminum alloys. Such value of mass density means that density of
these alloys is comparable with density of plastics used as structural materials, and therefore Mg—Li alloys belong to the lightest of all
metal alloys. In the present paper are discussed melting and crystallization processes of ultra-light weight MgLil12,5 alloys recorded with
use of ATND methods. Investigated magnesium alloy was produced in Krakow Foundry Research Institute on experimental stand to
melting and casting of ultra-light weight alloys. Obtained test results in form of recorded curves from ATND methods have enabled
determination of characteristic temperatures of phase transitions of the investigated alloy.
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machining properties even at high cutting speeds, good inert gas
weldability, corrosion resistance through high purity alloys, and
nearly unexplainable resources (e.g. 1 m’ sea water contains
approximately 1.3 kg magnesium, depending on a location) [1].
Based on these advantages, magnesium alloys have

1. Introduction

Magnesium alloys constitute excellent alternative to
aluminum and its alloys, as a material to implementation in light-
weight structures.

The structures, depending of their function, should fulfill
fundamental criteria, such as: productibility, strength, ductility,
energy absorbability and corrosion, or combination of them.
Magnesium alloys offer very good properties: the lowest density
of all technically relevant structural materials, the highest specific
strength, good mechanical damping properties, good radiation
absorption of electromagnetic waves, good castability, good

comprehensive and huge potential application in aviation,
spaceflight, automobile, 3D product, and military regions[1, 2-3].
The most powerful branch of industry in the present use of
magnesium products is automotive industry, other industries
working with the acceleration of masses, however, also discover
magnesium alloys as constructional materials. Additionally, the
reduction in mass of moved parts can optimize energy
consumption, and therefore treats the environment with care [1].
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But the usage of magnesium alloys in more complex
applications it limited by insufficient properties regarding the
ductility, corrosion and creep resistance. Additionally, the high
reactivity of magnesium alloys leads to an increased tendency of
contamination [1].

Auto manufacturing companies have made the most of
research and development on Mg and its alloys. Volkswagen was
the first to apply magnesium in the automotive industry on its
Beetle model, which used 22 kg magnesium in each car of this
model [4,5]. Magnesium average usage and projected usage
growth per car are given as 3 kg, 20 kg, and 50 kg for 2005, 2010
and 2015, respectively [4,5].

Components from magnesium alloys are usually produced in
various foundry processes. Among them are pressure die casting,
permanent-mould casting, and sand casting, among others. To
other implemented manufacturing technologies belong: casting
with extrusion, tikso casting and tikso moulding [6-8].

Lithium with a relative density of 0.53 is the lightest of all
metals and has extensive solid solubility in magnesium [9].
Furthermore, addition of nearly 11 wt% Li converts the hexagonal
close-packed structure of pure magnesium to a body centered
cubic lattice; markedly improving the formability of the alloy [9].

In the Fig. 1 is shown Mg-Li phase diagram
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Fig. 1. Mg-Li phase diagram [10]

Small addition of Li can decrease the c/a ratio of the
hexagonal Mg lattice. When Li addition is higher than 5,3%wt.
[11], it introduces body-centered- cubic (BCC, B phase) B-Li solid
solutions to hexagonal closed- packed (HCP, a phase) Mg-based
alloys, which results in the (a+p) duplex alloys [12]. The phases
exhibit a moderate strength and low formability, the phase has
better ductility, but lower creep resistance. The two phase
structure exhibits an interesting compromise of their properties
because the both phases combine the moderate strength of the first
phase and excellent ductility of the second phase [13]. When Li
composition surpasses 10,7%wt. in Mg alloys[11], the structure of
Mg alloy can be completely converted from HCP to BCC (Fig. 1).
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Mg-Li binary alloys have some inherent disadvantages (low
strength, poor anti-corrosion, poor stability). In order to avoid
these disadvantages, some alloying elements should be added into
the alloys.

Therefore, to obtain high-performance Mg-Li alloys, alloying
is always used to improve performance of alloys. Commonly used
alloying elements are Al, Zn, Ca, RE, etc. Many researchers have
studied Mg-Al, Mg-Zn, Mg-Ca alloys[14-18]. Research results
show that, RE in these alloys has many favorable effects, such as
melt purification, improving microstructure, grain refinement, and
dispersion strengthen. And the strength and high-temperature
stability of magnesium alloys are accordingly improved.
However, the reports about the effects of RE on Mg-Li alloys are
very deficient [19].

Due to its strengthening effect, Al is the most commonly used
alloy-forming element [20-21]. Addition of aluminum to Mg-Li
alloys leads to appearing in hexagonal structure of phase 9,
constituting solid solution Al in Mg having limited formability, of
ductile phase A being solid solution Al in Li having crystal body
centered lattice and hard — enabling precipitation hardening —
intercrystalline Al-Li compound of phase m with structure B2.
Ductility of such alloys grows together with increase of portion of
eutectic mixture 8+A. Sometimes, in the alloys is present
metastable phase Li,MgAl [22].

Together with increase of Al content in Mg-Li alloys, the
strength increases accordingly. While when the Al content is too
high, elongation of the alloys decreases seriously. Suitable Al
content in Mg-Li alloys is 3% (mass fraction) [23].

To refine grain size of alloys, Ce is often added in magnesium
alloys. The suitable Ce content in Mg-Li alloys is 1% (mass
fraction) [23].

Obtaining the best material structure for a specific
requirements becomes possible with making use of theories on
crystallization processes to control technological processes [24,
25]. Registration of a phenomena arisen in result of solidification
process of alloys in order to determine their properties is enabled
by a methods based on analysis of temperature changes run
(thermal methods - ATD), of electric conductivity (electric
methods - AED) and the method of the Thermal-Voltage
Derivative Analysis (ATND) [26].

2. Methodology of the research

Investigated alloy (MgLil2,5) was obtained from pure
constituents and was cast in Krakow Foundry Institute on
experimental stand used to melting and pouring of ultra
lightweight alloys.

The stand for melting and casting of Mg — Li alloys has a modular
structure including:

- melting module, which consists of a chamber standing on the
casting chamber, measuring 210x210x 300 mm (width x length x
height)

- casting chamber forms lower part of the stand and measures
420x420x200 mm (width x length x height),

- gas mixing facility makes an integral part of the stand and is
used for feeding to the crucible and casting chamber a mixture of
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protective gas composed of argon (Ar) and sulphur hexafluoride
(SFe) [27].
A control system used in the crucible should allow the
temperature stabilisation with an accuracy of +/ -10C. It was also
necessary to allow for the possible mechanical mixing of alloys in
a crucible.

Suitably prepared specimens of the alloy were melted in
tubular silit furnace with CO, protective atmosphere. In course of
melting and crystallization of the alloy there occurred permanent,
simultaneous registration of specimen’s temperature and
potential’s difference on measuring probes. The testing stand
comprised, except the silit furnace, two millivoltmeters and PC
computer with software.

The ATND (thermal-voltage- derivative analysis) used in
course of the testing consists in permanent measurement of the
temperature and electric voltage generated on probes during
crystallization and phase transformations of solidified alloy. In
course of the measurement there were measured generated voltage
and temperature of the specimen. Run of the crystallization is
shown in form of diagram created during solidification of the
alloy. In the ATND method, thermal curves (t and dt/dt) are
supplemented with voltage curves (U and dU/d7) [8,26].

3. Description of obtained results

In the Fig. 2-4 is presented run of heating (melting) and
cooling (crystallization) process of MgLil2,5 alloy, recorded with
use of ATND method. Read values of temperatures concern the
following points: A - beginning of melting of the alloy, B - end of
melting of the alloy, C - processes in liquid state.
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Fig. 2. Curves of ATND method for MgLil2,5 alloy
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Fig. 3. Curves of ATND method for MgLi12,5 alloy with marked
characteristic points for thermal curve: A - 539°C, B - 585°C,

C-662°C
t[c] Umv]  dufde
750 3,00 1,499
melting ailoys [\ chystallizatibn alloys
678 | ..o : : ; 170 |1,308
606 |- 1,119
[ PR e b e 0,929
162 0,739
390+ e o i D B S i s i s i e B i A R 0,549
318 0,359
246 0,169
174 0,02
102 0,21
30 : L . : . . : : 10 l-0.40
0 139 278 a18 557 696 836 975 1115 1254 1393
Tls]

Fig. 4. Thermal and voltage curve for MgLi12,5 alloy with
marked characteristic points for voltage curve: A - 496°C,
B - 584°C, C - 663°C

4. Conclusions

ATND method can be implemented to registration of heating
(melting) and cooling (crystallization) processes of MgLil2,5
alloy, representing physical-chemical phenomena occurring
during run of melting and crystallization process of the alloy in
form of thermal and voltage curves.

On thermal and voltage curve are present characteristic
points, which correspond to temperatures connected with phase
transitions of investigated alloy.
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Performed investigations have enabled registration of heating
(melting) process in aspect of determination of melting
temperature of investigated alloy and phase transitions in solid
state.
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