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has been research on the viability of adding master alloys that 
form TiB2 particles within Mg melts. These popular master alloys 
are often Al-Ti-B based [2]. For instance, Wang et al. [9] used 
a TiBor master alloy at 0.3 wt.% to successfully refine the grains 
in the AZ31B alloy. The reduction in grain size was significant, 
with a decrease of approximately 90% [3].

The application of strontium (Sr) as a grain refiner has been 
studied, and one theory has been proposed. As stated by Cheng et 
al. [15], concluded that Sr caused grain refinement because of the 
low solubility (0.11%) of Sr in Mg. This low solubility allowed 
for Sr to enrich the liquid ahead of the solid interface, causing 
constitutional undercooling (or grain growth restriction). It must 
be noticed that the modification by Sr is effective only for pure 
magnesium or low aluminium content magnesium alloys [3,9,11].

No research has been found with the focus on studying the 
effect of grain refiner addition on crystallisation process of Mg-
Li-Al alloys. Based on the above, it appears that by combining 
the effects of TiBor and Sr and utilising the benefits of TDA, an 
optimum combination of properties may be achieved.

The alloys studied have been chosen by past work on the 
thermal analysis of Mg metal alloys, where it has been estab-
lished that a thermal-derivative analysis can be a powerful and 
useful tool to sufficiently describe a solidification pathway of 
magnesium alloys [1,17-20].

To understand the effect of grain refinements as TiBor and 
Sr on Mg-Li-Al alloys, it is important to understand the phase 
stability of the as cast Mg-Li-Al alloys. The study also focusses 
on the evolution of the microstructure of light Mg-Li alloys and 
their mechanical properties.

2. Experimental procedure

Within the framework of present work alloys of magnesium 
with lithium and aluminium and with grain refinements such as 
TiBor and AlSr10 have been melt, cast and investigate.

As main components used in experiments, magnesium 
with technical grade (min. 99.5% Mg), aluminium 3N8 (99.98% 
Al), lithium (99.9% Li), and refinements in the form of cement 
containing titanium and boron (AlTi5B) and strontium (AlSr10) 
were utilised. Melting and casting of alloys were carried out using 
laboratory vacuum induction furnace VSG 02 from the company 
Balzers. Melts carried out in a crucible of Al2O3 in shape of 
ø60×80 mm, using the ceramic material sheath thermocouple 
for measuring the temperature of melting and casting alloys.

Magnesium, lithium and aluminium were placed directly in 
the crucible. Before melting, after closing the furnace, repeatedly 
pumped out a working chamber of the furnace, blowing with 
argon. As a result, it minimises the residual amount of oxygen 
in the chamber, which could cause contamination and oxidation 
of the prepared alloy. Melts were carried out in argon at a pres-
sure of 650 Tr, to minimise the evaporation starting components. 
Melting temperature was approx. 700÷720°C and the melting 
time approx. 5 min., which, taking into account the strong bath 
stirring electrodynamic eddy currents in enough for the complete 

homogenization of the melt. Grain refinements were introduced 
at the end of the melting process from the vacuum containers. 
After placed of grain refinements in the alloy, melts kept in the 
liquid state for 2 minutes, followed by the casting.

Alloys were cast by gravity into the cold mould of graphite 
to give rod-shaped ingots with dimensions ø20×100 mm. Ingots 
were characterised by a homogeneous, fine-grained structure and 
not found to the occurrence of casting defects.

The chemical composition of the as-received TiBor and 
AlSr10 master alloys used for Ti and Sr additions is given in 
Table 1.The chemical composition of achieved alloys is presented 
in Table 2.

TABLE 1

Chemical composition of commercial master alloys used as modifiers

TiBor AlSr10
Ti 

[%] B [%] Fe 
[%]

Si 
[%] V [%] Sr 

[%]
Fe 

[%]
Si 

[%]
Ca 
[%]

4.9 0.95 0.17 0.06 0.09 10.07 0.13 0.08 <0.10

TABLE 2

Chemical composition of formed Mg-Li-Al alloys

Elements, [% wt.]
Li Al AlTi5B AlSr10 Mg
9.0 1.5 — — Balance
9.0 1.5 0.2 — Balance
9.0 1.5 — 0.2 Balance
9.0 1.5 0.2 0.2 Balance

The densities of developed ultra-light Mg-Li alloys have 
been measured by using the Archimedes principle. Analytical 
balance Adventurer Pro realised measurements with special 
density determination kit. To limit measure error, measurements 
were repeated six times. To measure a density of developed Mg-
Li-Al alloys, distilled water with the density of 1 g/cm3 was used.

The thermal-derivative analysis was done on the prepared 
cylindrical samples in shape of 18 mm in diameter and 20 mm. 
Samples were melted at 700°C in an argon atmosphere. After iso-
thermal holding for 90 s, all the melts were solidified and cooled 
to room temperature in the crucibles with argon protection in the 
furnace to minimise the oxidation. Metallographic specimens 
were horizontally sliced at the position that is 10 mm from the 
bottom. The as-cast grains of the etched samples were exam-
ined using polarised light in optical microscope Leica equipped 
 Q-WinTM image analyser. The grain size was measured by the 
linear intercept method at the centre of transverse sections.

The X-ray qualitative and quantitative microanalysis and 
the analysis of a surface concentration of cast elements in the 
examined magnesium-lithium cast alloy have been made on the 
scanning electron microscope ZEISS SUPRA 35 with a system 
EDAX XM4 TRIDENT consisting of spectrometer EDS, WDS 
and EBSD.

Phase composition was determined by the X-ray diffrac-
tion technique utilising the X`Pert apparatus including a cobalt 














