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Abstract: Kinetics of ageing, structure and the strength characteristics of the Mg-Y-Gd-Zr system alloys of compositions near to that of the 
IMV7-1(~5%Y, ~5%Gd, ~0.5%Zr, remainder Mg)  alloy were studied. It was established, that alloying of the Mg-Y-Gd-Zr alloys with Dy, 
Tb, Sm, Nd results in strengthening of them at room and elevated temperatures both in homogenized and in aged states. Meanwhile, after 
addition of samarium or neodymium the ageing time needed for substantial strengthening becomes shorter, after addition of terbium it did 
not change actually and after addition of dysprosium it became longer. Therefore, the strengthening ageing for the Mg-Y-Gd-Zr alloys after 
addition of Nd, Sm or Dy requires certain corrections. 
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1. Introduction 
 

Magnesium alloys are attractive as light structural materials 
for applications in a number of constructions, where the saving 
weight is of a great importance. In connection with this an 
improvement of mechanical properties of magnesium alloys is 
quite important in practice. One of the ways in this direction is 
use of different rare-earth metals as alloying elements (REM) 
[1,2]. In this case, for alloying of magnesium alloys can be taken 
simultaneously several REM. The examples of such alloys are 
those of the Mg-Y-Gd-Zr system ones including the alloy of the 
mark IMV7-1, containing about 5%Y, 5%Gd, 0.5%Zr 
demonstrating a high level of the strength properties [3]. Two the 
rare-earth metals, yttrium and gadolinium are present in this 
alloy, but the REM exist always in ores together and, therefore, 
it is possible, that some of the other rare-earth metals will be also 
present in IMV7-1 as impurities This circumstance makes to be 
quite important the knowledge about possible change of 
structure and properties of the Mg-Y-Gd-Zr alloys, including the 
alloy IMV7-1depending on presence of other rare-earth metals in 
them. As a result, this work started with the aim to investigate 
effects of such rare-earth metals, as samarium, neodymium, 
dysprosium, and terbium on structure and properties of the alloy 
IMV7-1.  
 

2. Materials and methods 
  

The investigations were conducted using the cast alloys 
containing yttrium, gadolinium and zirconium in quantities 
corresponding approximately to their mean contents in the alloy 
IMV7-1 (Mg-5%Y-5%Gd-0.5%Zr, mass composition) [3]. 
Contents of added dysprosium and terbium were near those of 
yttrium and gadolinium and amounted 3-7%. Contents of 
samarium and neodymium were not more, than their maximal 
solubilities in magnesium solid solutions in the binary systems 
and amounted 2-5%Sm, 2%Nd [4].  

The alloys for investigation were prepared by melting in 
the electrical resistance furnace in steel crucibles under Russian 
protecting flux of the mark VI2, consisting of 38-46% MgCl2, 
32-40% KCl, 3-5% CaF2, 5-8% BaCl2, 1,5% MgO, <8% 
(NaCl+CaCl2). The initial metals for the preparation of the 
alloys were magnesium MG95 (>99,95%Mg), yttrium ItM-1 
(>99,83%Y), gadolinium GdM-1 (>99,85%Gd), dysprosium 
DyM-1 (99,83%Dy), samarium SM-1 (>99,83% Sm), 
neodymium NM-1 (>99, 83%Nd) (Russian standard marks). All 
the mentioned rare-earth metals were added into the Mg melts 
during melting as the preliminary prepared master-alloys of the 
same initial metals. Zirconium was added into the melts as the 

commercial Mg-Zr master-alloy Mg-9.6%Zr. The alloy melts 
prepared in crucibles were cast into the steel mould heated up to 
750°C, which was immersed slowly then into cold water 
(method of the direction solidification). Such a method of 
casting enabled to obtain the sound ingots with even structure 
and without shrinkage cavities. Dimensions of the obtained 
ingots amounted ~100 mm in length and ~25 mm in diameter.    

The prepared alloys were investigated by methods of the 
optical microscopy, hardness measurements at room and 250°C 
temperatures and determination of the tensile mechanical 
properties. As far as the studied alloys were the heat treatment 
strengthening ones [3], their characteristics were determined in 
two states, after homogenization and after additional ageing. 
Homogenization of ingots was performed at 515°C for 6 hours 
with enough fast cooling resulting in them formation of the 
magnesium supersaturated solid solutions. Following ageing was 
conducted with the regime 200°C, 24 h. The above mentioned 
ageing time was chosen basing on the results obtained in this 
work, where the ageing kinetics of the prepared alloys was 
specially studied at 200°C with total ageing time up to 128 h.  
   

3. Results and discussion 
  

The kinetics of the supersaturated magnesium solid 
solution decomposition is characterized by the results of the 
hardness measurements, presented in Fig.1. The indicated curves 
of the hardness change with increasing ageing time have the 
same form for all alloys, which is typical for the binary 
magnesium alloys with the rare-earth metals of the yttrium 
subgroup.(Y, Gd, Tb, Dy). The main characteristic feature of 
them is existence of the certain incubation stage with slow 
hardness increase [3]. However, duration of this stage and onset 
time of the next stage with steep hardness increase turned out to 
be different for each alloy depending on its composition. In the 
case of samarium and neodymium addition into the initial alloy 
IMV7-1 duration of the incubation stage of the magnesium solid 
solution decomposition shortens from eight to two hours with the 
hardness values increasing substantially. Terbium does not 
change actually duration of the incubation stage insignificantly 
increasing the hardness values. Addition of dysprosium into the 
alloy IMV7-1 increases duration of the incubation stage of the 
solid solution decomposition up to values being more, than eight 
hours. 
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Fig.1. Hardness change of the magnesium alloys with increasing 
time during ageing at 200°С 

  
Using the obtained results of ageing kinetics and taking 

into account the necessity of the conjunction of high strength and 
acceptable plasticity, the ageing time for the tensile tests with 
determination of the mechanical properties of the alloys was 
chosen to equal 24 hours at 200°C. Such a time value 
corresponded approximately a half of time for achievement of 
the maximal strengthening during ageing at the second stage. 
Results of the tests with determination of the mechanical 
properties of the alloys at room temperature are presented in 
Table 1.  
 
Table 1. Mechanical properties of the Mg-Y-Gd-Zr-Dy (Tb, Sm, 
Nd) alloys at room temperature in homogenization state and in 

ageing after homogenization state 
 

 
 

As one can see, all studied alloys demonstrate high level of 
the strength properties as compare them with the strength 
properties of the Russian standard cast commercial magnesium 
alloy ML5 (Russian version of the well-known commercial cast 
alloy AZ91) (Mg-Al-Zn-Mn) [5].  Ageing results in additional 
increase of the strength properties of the homogenized alloys, 
especially tensile yielding stress (TYS), but in significant 
decrease  of the plasticity. It is reasonable to note, that the partial 
replacement of yttrium or gadolinium with dysprosium, 
samarium or terbium do not results in deterioration of the 
strength properties of the IMV7-1 alloy. The high level of the 
strength properties of the alloys in the homogenization state is 
ensured by creation of the rich magnesium supersaturated solid 
solution with actually complete dissolution of alloying elements 

in it. Additional strengthening of the homogenized alloys after 
ageing can be explained by decomposition of the magnesium 
supersaturated solid solutions accompanied with precipitation of 
the hard particles of the metastable phases consisted of 
magnesium and the rare-earth metals [6].   
Effects of Dy, Tb, Sm, Nd on properties of the IMV7-1 alloy at 
elevated temperatures were estimated basing on the hardness 
values obtained at the respective tests at 250°C (Table2). 
 

Table 2. Hardness of magnesium alloys at test temperatures 
20°C and 250°C 

 

 
 

The obtained hardness values indicate, that the alloys 
containing additional REM resist more against heating as 
compared with the IMV7-1 alloy and the wide spread Russian 
cast commercial alloy with the ML5 mark of the Mg-Al-Zn-Mn 
system.   

 Investigations of the alloy structures indicated existence of 
white Mg solid solution matrix with enough large grey 
inclusions of the second phases in them in state after casting. 
These second phases were evidently compounds of Mg with the 
REM formed during crystallization without equilibrium. Along 
with them the very small dark inclusions of αZr phase were 
observed, as well (Fig.2a). After homogenization structures of 
the alloys consisted only of the magnesium solid solution grains 
with small αZr dark inclusions inside of them (Figs.2b-d). As a 
result, the conclusion can be made, that during homogenization 
the rare-earth metals dissolve into magnesium solid solution 
completely. Disperse precipitates formed during decomposition 
of magnesium supersaturated solid solution, which promote 
strengthening of the alloys after ageing were not observed using 
optical microscopy because of small dimensions of them. 
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Fig. 2 Microstructure of the alloys: Mg-5%Y-5%Gd-3%Sm-
0.5%Zr  (а,b),  Mg-5%Y-5%Gd-3%Dy-0.5%Zr  (c), Mg-3%Y-

5%Gd-5%Tb-0.5%Zr (d), in cast (а) and homogenization at 
515°С, 6 h (b-d) states 

 
The obtained results of the investigation indicate, that 

additives of Dy, Tb, Sm and Nd to the alloys of the IMV7-1 kind 
favor their strengthening at room temperature and 250°C. 
Shortening of the ageing time for achievement of the highest 
strengthening for the IMV7-1 kind alloys by samarium or 

neodymium addition enables to save energy consumption for 
production of them during heat treatment.  
 

4. Conclusion 
 
Existence of dysprosium, terbium, samarium and 

neodymium in magnesium alloys of the Mg-Y-Gd-Zr system 
with the alloying element contents near those in the alloy IMV7-
1 does not results in change of the general kinetics character for 
the magnesium supersaturated solid solution decomposition and 
strengthening effect during ageing.  

Additional alloying of the magnesium alloys of the Mg-Y-
Gd-Zr system of the IMV7-1 type by samarium or neodymium 
results in acceleration of the magnesium supersaturated solid 
solution decomposition accompanied with strengthening during 
ageing. Addition of dysprosium to these alloys increase duration 
of the first incubation stage of the decomposition and addition of 
terbium does not actually change its duration.  

Additions of dysprosium, terbium, samarium and 
neodymium increase the strength properties (hardness, tensile 
yielding stress, tensile stress) of the Mg-Y-Gd-Zr system alloys. 
The high strength of this type alloys retains also at elevated 
temperatures.  
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