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Abstract. This paper, examines the effects of magnesium contents on the microstructure 
and properties of alloy aluminium-copper-magnesium alloy. Differential scanning 
calorimetry has been done for aluminium-copper-magnesium alloys samples: AlCu15Mg2 
(0.25%Ti) and AlCu15Mg4 (0.25%Ti). This method has produced DSC - curve, where two 
endothermal effects are present, on the basis of which enthalpyhas been calculated. In the 
DSC thermograms the first detectable thermal effect is the intermediate temperature 
endothermal peak. Temperature of the first peak is 520oC. In the DSC thermograms the 
second detectable thermal effect is a high temperature endothermal peak. These results 
prove that with the increased magnesium content in the alloy, value of the enthalpy 
decreases at the first peak. From the enclosed results of the testing it can be seen that 
addition of the AlTi5B1 causes modification of the structure, i.e. producing finer subgrains.  
 
Introduction 
Excellent strength vs. density ratio, formability and corrosion resistance, make high-copper 
AlCuMg alloys a potential candidate for a number of industrial applications [1]. Developed 
in the early times in the aeronautical field, they have been then considered for a wide range 
of different applications, even though, due to their high specific strength, they are mainly 
considered as a substitute of iron-based materials for structural parts in the transportation 
industry. Several technical compositions are presently standardized and new alloys based 
on that metallic system are now being considered and developed [2]. We have found that 
the most important parameters on forming and transformation of phases in these alloys are 
magnesium and titanium. In this investigation main attention was paid to the mechanism of 
solidification and microstructure. The influence of chemical contents and structure on the 
mechanical properties (hardness and compression strength) was also investigated. In this 
paper a DSC study of AlCuMg alloys is reported in order to investigate the effects of 
magnesium contents on the microstructure of AlCuMg alloys. 
 
Experimental 
Experimental work can be divided in two phases. The first phase comprises melting and 
casting of AlCuMg alloys. The solidification structure was modified by the addition of the 
AlTi5B1 (ratio of Ti vs. B is 5:1) to produce alloys containing 0.25% titanium. The second 
phase includes characterization of cast samples by differential scanning calorimetry and X-
ray powder diffraction method. The properties of these materials have been also examined 
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including: hardness measurements and compression strength determinations. The 
composition of the alloys has been determined by wet analysis and the results are reported 
in Table 1.  
 
Table 1. Chemical composition of the investigated alloys (in mass%). 

 TYPE OF SAMPLE %Al %Fe %Si %Cu %Zn %Mg %V 
AlCu15Mg2 (0.25%Ti) 80.50 0.15 0.16 14.97 0.087 2.391 0.000 
AlCu15Mg4 (0.25%Ti) 76.27 0.20 0.11 16.06 0.082 4.967 0.002 

 
DSC analyses have been performed in a differential scanning calorimeter type 

Shimadzu DSC-50 under the protective argon atmosphere, at a scanning rate of 10oC/min, 
to the maximum temperature of 725oC [3]. Mass of tested samples has been in range of 
15.02-15.16 mg. Differential scanning calorimetry has been done for samples: AlCu15Mg2 
(0.25%Ti) and AlCu15Mg4 (0.25%Ti). This method has produced DSC - curve on the basis 
of which enthalpy has been calculated (Table 2 and Fig.1). 
 
Table 2. Change of enthalpy of the investigated alloys with an increased magnesium 
content in the alloys. 

I PEAK II PEAK Type of sample 
T, oC -∆H, J/g T, oC -∆H, J/g 

AlCu15Mg2 (0,25%Ti) 512.4 45.98 602.5 52.75 
AlCu15Mg4 (0.25%Ti) 522.2 72.07 581.6 33.53 

 
The X-ray diffraction analysis was performed on the AlCu15Mg2 (0.25%Ti) and 

AlCu15Mg4 (0.25%Ti) samples using a wide range of angles (2θ) from 5 to 100o with a 
step of 0,02o and a holding time of 0,50 seconds at each step. A diffractometer with a 
graphite monochromator and a constant divergence slit (D) of 1mm was used. The current 
and the voltage of the X-ray tube during the analysis were 30mA and 40kV, respectively. 
The width of the receiving slit (R) was 0,1mm, corresponding to fine focused X-ray tubes. 
The radiation was Cu Κα1/α2, doublet (λα1= 0,154178 nm and λα2 = 0,154438 nm). 
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Fig. 1. DSC traces for the alloys AlCu15Mg2 and AlCu15Mg4 with 0.25%Ti at 10oC/min.  
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Hardness has been measured by use of the Brinell method. Compression strength of the 
samples of cast alloys has been tested on a universal electronic tensile testing machine of 
1x104 kg. Average size of samples was as follows: diameter Do=10mm and height 
Ho=20mm. All of the tested samples have been fractured. Compression strength was 
measured at the moment of fracture. The yield strength is estimated by graphical analysis. 
 
 
Results and Discussion 
Differential scanning calorimetry analysis. DSC traces obtained at the heating rate of 
10oC/min for the investigated alloys are shown in Fig. 1. Thermograms obtained for high-
copper AlCuMg alloys (Fig. 1) can be briefly described as follows: a) an “intermediate 
temperature” section between 500oC and 550oC, where only endothermal effects can be 
detected, and b) a “high temperature” section between 550oC and 700oC where a broad 
endothermic effect is present. In the thermograms reported in Fig. 1, where two 
endothermal effects are present, the first detectable thermal effect is at a temperature of 
about 520oC. It refers to a phase transition with the reaction enthalpy of -45.98 J/g for alloy 
AlCu15Mg2 and -72.07 J/g for alloy AlCu15Mg4. From these results it is concluded that 
with the increased magnesium content in the alloy, for the first detectable endothermal 
effect, the value of the enthalpy is decreased. These results show that the first peak is due to 
the localized melting, probably of a ternary eutectic, with the formation of a melt rich in 
copper and magnesium in the presence of the α−solid solution and the compounds Al2Cu 
and Al2CuMg. In the thermograms reported in Fig. 1 the second detectable thermal effect is 
a high temperature endothermal peak. It refers to a phase transition with the reaction 
enthalpy of -52.75 J/g for alloy AlCu15Mg2 and -33.53 J/g for alloy AlCu15Mg4. From 
these results it is concluded that for these alloys the second peak is due to the localized 
melting of the binary eutectic. With the increased magnesium content in the alloy the 
enthalpy is increased at the high temperature peak (Table 2). Also, with the increased 
magnesium content in the alloy, the temperature of the second peak is decreased from 
602.5oC for the alloy AlCu15Mg2 to 581.6oC for the alloy AlCu15Mg4 (Table 2). 
X-ray analysis. Using X-ray powder diffraction we concluded that for AlCuMg alloys the 
tetragonal intermetallic compound Al2Cu and orthorhombic intermetallic compound 
Al2CuMg are formed. Also, from the X-ray diffractograms the microstructural parameter 
has been calculated: the average sub-grain size (Table 3). 
 
Table 3. Average sub-grain size in the crystallographic direction [112] for different 
magnesium contents in aluminium-copper-magnesium alloys. 
 

Type of sample Average sub-grain size, nm 
AlCu15Mg2 (0,25%Ti) 38.6 
AlCu15Mg4 (0.25%Ti) 48.6 

 
The sub-grain is the fraction of the lattice of the crystal grain from which the X-rays are 

coherently diffracted. The sub-grains are separated by dislocation walls and have a space 
orientation which is different by several angle minutes. Using X-ray diffraction of 
polycrystals, the sub-grain is defined as a fraction of quantitative values, starting from the 
average length in a definite crystallographic direction, through the average volume, to their 
dimensional distributions. In alloys containing high magnesium the average sub-grain size 
in the crystallographic direction [112] were found to increase. 
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The as-cast structure was modified by the addition of the AlTi5B1 in ordr to obtain 
alloys containing 0.25mass. % titanium. In the binary aluminium-copper system, the 
aluminium-rich terminal solid solution is in equilibrium with the intermetallic compound θ, 
with CuAl2 stoichiometric composition, although some solid solubility exists. The addition 
of magnesium allows the formation of more intermetallic compounds, such as CuMgAl2, 
CuMg4Al6, CuMgAl and Cu6Mg2Al5 [2]. These investigated AlCuMg alloys with titanium 
have typical cellular-dendritic structures. The second phase can be intermetallic compounds 
that contain aluminium and one or more alloying elements (Al2Cu and Al2CuMg); 
intermetallic compounds that do not necessarily contain aluminium (Mg2Cu or MgCu2); or 
an alloying element, such as copper or magnesium, depending on the composition of the 
alloy. Cast AlCuMg alloys contain soluble phases: Al2Cu or Al2CuMg which appear in 
various amounts and at various locations in the microstructure, depending on the thermal 
history of the specimen.  
Mechanical properties. The Brinell hardness and the compression strength are shown in 
Table 4. increase of magnesium content yields the increase of hardness and compression 
strength. 
 
Table 4. Hardness and compression strength of the investigated alloys with different 
amounts of magnesium. 
 

Type of sample  HB mean R0,2p (MPa) Rpm (MPa) 

AlCu15Mg2 (0,25%Ti) 153.0 283.3 678.9 
AlCu15Mg4 (0.25%Ti) 160.0 369.2 698.7 

 
 
Summary 
Different parameters obtained as a result of application of various methods on the 
aluminium-copper-magnesium alloys enable us to explain influence of magnesium contents 
on the mode of formation and the structure in that system. From the obtained data the 
following conclusions can be drawn: 

− For AlCuMg alloys the first peak is due to the localized melting, probably a ternary 
eutectic, producing a high copper and magnesium melt in the presence of α−solid solution 
and the intermetallic compounds Al2Cu and Al2CuMg. Increasing of the magnesium 
content in the same basic chemical composition of the AlCuMg alloy the value of transition 
enthalpy for the first peak is decreased. For these alloys the second peak from thermograms 
is due to the local melting of the binary eutectic.  

− Using X-ray diffraction it was established that the tetragonal intermetallic compound 
Al2Cu and orthorhombic intermetallic compound Al2CuMg are formed for all investigated 
AlCuMg alloys. 

− Hardness and compression strength of the aluminium-copper-magnesium alloys 
increase with the content of magnesium.  
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