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Abstract: In the article results of the investigation of the mechanical properties of the wrought magnesium alloy IMV7-1 are presented. 

The alloy was tested in the hot extruded and the aged after hot extrusion conditions or after annealing at different temperatures. Superiority 
of the alloy IMV7-1, as compared with the other commercial wrought magnesium alloys of Russia at working temperatures up to 300ºC was 
revealed. Additional cold deformation of the hot extruded alloy enables to increase its tensile yield stress, but decreases its plasticity. 
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1. Introduction 
The rare-earth metals are well known as alloying elements, 

which enable to improve significantly mechanical properties of the 
magnesium alloys [1]. Taking into account constitution of the 
binary phase diagrams Mg-Y and Mg-Gd [2] the high strength 
properties of the magnesium alloys could be expected, if these rare-
earth metals are chosen for alloying. Such an action of yttrium and 
gadolinium on magnesium was expected, because both of them can 
dissolve significantly in solid Mg and form magnesium 
supersaturated solid solutions, which decomposes  during ageing 
accompanied by strengthening effect. Behavior of the Mg-Y and 
Mg-Gd system alloys during ageing is similar by character of the 
solid solution decomposition kinetics and by the phase 
transformations, which accompany it. The solid solution 
decomposition in the alloys of both binary systems proceeds by two 
stages. The first of them is characterized by insignificant change of 
hardness and electrical resistivity indicating insignificant change in 
structure, The second stage is characterized by steep ascend of the 
hardness up to maximum and by steep descend of the electrical 
resistivity indicating depletion of the Mg solid solution. During the 
solid solution decomposition the similar metastable phases form and 
their presence in structure corresponds to the highest strengthening 
effect in the both binary system alloys. However, Mg solid solution 
decomposition proceeds slower, than in the Mg-Gd ones. On the 
other hand, the solubility of Gd in solid Mg is more, than solubility 
of Y  and, therefore, in the Mg-Gd alloys the higher strengthening 
effect during ageing can be expected, than in the Mg-Y alloys and 
experiments confirm partially this. Meanwhile, Gd is enough 
expensive metal and it is reasonable to replace it as alloying 
element by the other cheaper one with the close interaction with 
magnesium. Yttrium is the most convenient metal for such a 
replacement. Taking into consideration all these circumstances in 
the A.A. Baikov IMET RAS the wrought magnesium alloy on the 
base of the system Mg-Y-Gd was suggested for applications in 
industry as the light structural material. The alloy was named as 
IMV7-1. Its nominal composition is as follows: ~5%Y, 
~5%Gd,~0,4%Zr, Mg – remainder. The alloy demonstrated high 
strength properties at room and elevated up to 300 ºC temperatures 
[3].  

In this presentation the results of the investigation of structure 
and properties of one of the wrought semi-products of the alloy 
IMV7-1, their change depending on the heat treatment  regimes, 
cold deformation and the test temperature are reported. 

 
2. Materials and methods 
The investigation was conducted using the plate obtained by 

hot-extrusion of the round ingot with the cross section area 
reduction about 90%. The cross section of the plate amounted 
200×40 mm2. Chemical analysis of the plate indicated its 
composition to be 4,71%Y, 4,58%Gd, 0,31%Zr, Mg remainder. In 
the investigation mechanical properties of the plate during tension 

and compression for longitudinal (along the extrusion axis) and 
transverse directions were studied. The samples for the experiments 
were taken directly from the plate and in this case the tests of them 
characterized the structure and properties of the plate in “as-
extruded” condition. Besides, the samples for the tests were aged by 
different regimes for strengthening caused by the magnesium solid 
solution decomposition and annealed at different temperature to 
find out, how structure and properties of the alloy can change after 
heating. The ageing was performed using, in general, the samples in 
the “as-extruded” condition without preliminary heating followed 
by quenching (solution treatment). The plate was annealed also at 
temperatures 400 ºC for 1-2 h. Ageing after preliminary annealing 
was conducted, as well. Along with this, a part of the plate was cold 
rolled additionally in same direction as the hot extrusion aiming to 
improve strength properties. The cold rolling was performed using 
the DUO rolling mill with rolls of 320 mm in diameter by several 
passes with 1% reduction for every pass. The whole reduction 
amounted 9%. Mechanical properties were determined with the test 
machine INSTRON 3382 at the deformation rate about 1 mm/min. 
For every state two parallel samples were used. The tension tests 
were conducted using standard round samples with diameter of 5 
mm and length of about 25 mm for the extended part. The sample 
for the compression tests were of the cylinder form with about 10 
mm in diameter and 15 mm in height. 

Observations of the plate microstructure were performed on the 
small plane being parallel to the extrusion direction. The samples 
for the structure observations were ground and polished by the 
common way. The polished surface was etched by two solutions: 1) 
0.5% HNO3 in water – for revelation second phases in structure, 
and 2) 60% ethylene glycol,  20% acetic acid, 1% HNO3, 19% 
water – for revelation of the grain arrangement.  The microscope M-
24 of the firm “ Reichert” was used. 

3. Results of the experiments and discussion 
Mechanical properties of alloy IMV7-1 were determined for 

“as-extruded” condition and after additional ageing by three 
regimes: 200°С, 24 h; 200°С 64 h; 225°С, 24 h. Each of the ageing 
regimes provided significant strengthening of the alloy, but with 
some deviation of the properties [4]. This enabled to compare the 
ageing regimes aiming to choose of them to get the best 
combination of the strength and plasticity. Along with this, some 
other treatments of the plate was applied in order to estimate the 
behavior of the alloy IMV7-1 in different circumstances. One of the 
additional treatments was annealing at 400 ºС, 1 h. Such a treatment 
is used commonly for softening of the wrought semi-products of the 
magnesium alloys and improvement of their plasticity. In the case 
of the hot-extruded plate of the alloy IMV7-1 the annealing was 
expected to complete recrystallization of magnesium solid solution 
in it. Ageing after the annealing 400 ºC, 1-2 h should indicate a 
response of the annealed plate to strengthening caused by the Mg 
solid solution decomposition. 
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Results of the tensile tests of the plate samples at room 
temperature for the longitudinal direction are presented in Table 1. 
They show moderate strength properties of the alloy in the “as-
extruded” condition and enough high elongation then. Ageing by all 
three regimes applied to the hot extruded plate results in significant 
strengthening of the alloy. Amongst the applied regimes of ageing 
the regime 200 ºC for 64 h gives the highest strength properties, but 
the elongation becomes to be the lowest and at the limit of the 
acceptable values for the structural magnesium alloys. Therefore, 
the ageing regime can be considered to be preferable. Annealing at 
common for magnesium alloy temperature 400 ºC for 1 h results in 
some softening of the hot extruded alloy IMV7-1, but 
insignificantly. Meanwhile, plasticity of the alloy after this 
annealing becomes lower, although retained to be enough high. The 
alloy retains after annealing 400 ºC a possibility to increase its 
strength properties during ageing. However, the increase of the 
strength properties accompanies by fall of the elongation to the very 
low level. At last, as one can see in Table 1. The cold deformation 
of the hot- extruded plate followed by ageing enable increase tensile 
yield strength of the alloy, but at very low elongation. The tensile 
strength values after cold deformation turn out to be close, but some 
less, than those after ageing of the hot extruded plate without 
additional deformation. 

Table 1. Tensile properties of the plate of the alloy IMV7-1 at room 
temperature (longitudinal direction). 

Condition σВ, МPа σ0,2, МPа δ, % 

As hot-extruded 332 231 21,4 

Ageing 225 °C, 24 h 377 287 4,9 

Ageing 200 °C, 24 h 399 316 6,4 

Ageing 200 °C, 64 h 435 338 4,9 

Annealing 400ºС, 1 h 314 228 14,8 

Annealing 400ºС, 1 h 
 + ageing 200ºС, 64 h 403 328 1,64 

Hot extrusion + 
 9% cold rolling 357 321 10,1 

Hot extrusion + 
 9% cold rolling + 
ageing 200ºС, 14 h 

414 360 2,39 

Hot extrusion +  
9% cold rolling + 

ageing 200ºС, 64 h 
426 379 1,3 

 

For the majority of the magnesium alloys there is significant 
difference between values of the tensile and compression yield 
strengths, compression yield strength values are significantly less. 
Taking this into account the mechanical properties of the studied 
plate were determine at compression. The results of the performed 
tests are presented in Table 2. They show, that in the case of the 
alloy IMV7-1 the values of tensile yield strength and compression 
yield strength are close to each other. This is important advantage of 
the IMV7-1 alloy. 

 

 

 

 

Table 2: Compression properties of the plate of the IMV7-1 alloy at room  
temperature . 

Condition 
Direction 

deformation 
during tests 

σ-B, MPa σ-0,2, MPa δ, % 

As hot 
extruded 

Longitudinal 485 249 20,7 

Transverse along 
the wide surface 467 225 12,9 

Transverse along 
the short surface 423 217 10,8 

After ageing 
200оС, 64 h. 

Longitudinal 557 344 9,4 

Transverse along 
the wide surface 548 309 7,6 

Transverse along 
the short surface 516 305 6,4 

 

Table 3 contains results of the tensile tests of the alloy plate at 
elevated temperatures and, for comparison, tensile tests at room 
temperature. The chosen ageing regime provides the optimal 
combination of strength and plasticity. As one can see in Table 3, 
the strength properties of the alloy become lower as the test 
temperature increases, but up to 300 ºC they remain enough high for 
the common magnesium alloys. Plasticity (the elongation values) 
increases successively with the temperature increase. 

Table 3.  Mechanical properties of the plate of the alloy IMV7-1 at different 
temperatures after ageing at 200 ºC for 24 h. 

T, ºС Direction σВ, МPа σ0,2, МPа δ, % 

20 
Longitudinal 399 316 6,4 

Transverse 371 281 5,1 

200 
Longitudinal 371 297 8,9 

Transverse 338 259 10,0 

250 
Longitudinal 314 272 6,5 

Transverse 283 247 8,0 

300 
Longitudinal 165 141 11,1 

Transverse 145 122 13,1 

350 
Longitudinal 82 73 23,5 

Transverse 66 57 29,4 

 

Typical microstructures of the plate in different states are 
characterized by photos presented in Fig.1. Structure of the plate in 
the “as-extruded” condition (Fig.1a) can be considered as partially 
recrystallized. The most part of it consists of the very small 
equiaxial recrystallized grains of the magnesium solid solution. 
Between them one can see other large long grains extended along 
the extrusion axis. These long grains are evidently the grains of the 
ingot remained after the hot extrusion. In the structure of the “as-
extruded” plate the small particles of the (αZr) phase can be seen. 
They were of black color and revealed on the polished planes of the 
samples without etching (Fig.1b). The crystals of the compounds 
between magnesium and the rare-earth metals in the structure of the 
“as-extruded” plate were not observed. After annealing at 400 ºC 
recrystallization takes place in areas of the long deformed grains so, 
that the enlarged equiaxial grains form there (Fig.1c). After cold 
rolling of the “as-extruded” plate it structure observed in the optical 
microscope does not change actually consisting of the small 
equiaxial recrystallized and the long deformed grains. Only at 
higher magnification the weak signs of the cold deformation can be 
recognized as the bands of the twins in limits of the small 
recrystallyzed grains (Fig.1d). 
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Fig. 1 Microstructure of the hot extruded plate of the alloy IMV7-1 in 
different conditions: (a, b) – “as-extruded”, (c) - annealed 400 ºC,2 h, 
(d) – cold rolled after extrusion. 

 

 

Fig. 2. Comparison of the alloy IMV7-1 with the other commercial 
magnesium wrought alloys of Russia by strength. 

In Fig.2 the highest tensile yield strength values of the alloy 
IMV7-1 plate are compared at different temperatures with the 
highest tensile yield strength values of the other wrought 
commercial magnesium alloys of Russia. The superiority of the 
alloy IMV7-1 is evident. The observed high level of the strength 
properties of the alloy IMV7-1 is caused by high strengthening 
effect during solid solution decomposition combining with the only 
partially recrystallized structure of the Mg solid solution after hot 
extrusion. 

 4. Conclusions 
1. The wrought magnesium alloy IMV7-1 on the base of 

Mg-Y-Gd-Zr system is characterized by strength 
properties at room and elevated temperatures up to 300 ºC 
and, therefore, can be attractive as light structure material.  

2. The highest strength properties of the alloy IMV7-1 are 
achieved, when it undergoes hot working with creation of 
the partially recrystallized structure followed by 
additional ageing at 200 ºC for 24-64 h.  

3. Annealing at the common for magnesium alloy 
temperature 400 ºC for 1-2 h results in insignificant 
softening of the hot extruded material, but decreases its 
plasticity notably.  

4. The cold deformation of the hot extruded alloy IMV7-1 
before ageing does not change actually its tensile strength, 
increases tensile yield strength and abruptly decreases 
plasticity. 
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