
 

 
 

Elevated temperature properties of Mg-12Li-Al-MgO composites 
 

WEI Xiao-wei(魏晓伟), HUANG Qing-min(黄清民) 

 
Department of Materials Science and Engineering, Xihua University, Chengdu 610039, China 

 
Received 28 March 2005; accepted 26 December 2005 

                                                                                                
 

Abstract: The compressive creep of Mg-12Li-Al-MgO particulate composites was investigated, which were produced by the 
reaction of reinforcement materials (B2O3) with Mg-12Li-Al alloy melt in the temperature range of 100−190 ℃ and under different 
compressive stress in the range of 40−70 MPa with special apparatus. The content of MgO particulates is about 0, 5%, 10%, 
15%(volume fraction) in Mg-12Li-Al alloy respectively. The results reveal that the creep resistance of the particulate composites is 
increased with increasing the content of MgO particulates and considerable improvement in creep resistance is observed in 
Mg-12Li-Al-MgO composites. However, over all range of temperatures and stresses, the creep data for these composites can be 
correlated using an empirical equation s ＝Aσnexp(−Q/RT), where n is 4.93 and Q is about 78.1 kJ/mol for Mg-14Li-Al alloy and n 
is between 7.48 and 9.47 and Q is 111.2−137.3 kJ/mol for Mg-12Li-Al-MgO composites. The different compressive creep behavior 
of the composites is associated with the different material constant A. The compressive creep rate is controlled by the lattice diffusion 
of Li and dislocation climb. 
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1 Introduction 
 

Mg-Li alloys have potential for use in aerospace 
applications because they are exceptionally light and 
their specific stiffness is high[1−3]. However, there are 
some practical difficulties, such as poor creep behavior 
and microstructural instability due to the very high 
diffusional mobility of Li[4−6]. Major efforts have been 
made to evaluate the microstructure and mechanical 
property of Mg-Li alloys with various alloying elements 
at different temperatures[4−13]. New objectives in 
advanced aerospace applications require high specific 
stiffness materials that have creep resistance at elevated 
temperature. On the view points of lightness and high 
strength, some studies on Mg-Li composites were 
reported[13−16]. Nevertheless, the compatibility of 
reinforcements with molten Mg-Li alloys represents a 
serious problem because of the very high diffussional 
mobility and reactivity of Li[17]. As a result, recent 
attention has focused on the reaction of specific materials, 
such as B2O3, Si and ZnO, with Mg-Li alloys for 
production of some particulates reinforced Mg-Li 
composites[18]. The high temperature mechanical 

properties of these particulate reinforced Mg-Li 
composites have been indeed improved by this 
method[19]. On the contrary, very few studies have 
focused on the high temperature creep behavior of 
Mg-Li-Al (β) composites produced with the reaction of 
reinforcement materials with Mg-12Li-Al melt[19]. It 
was therefore considered of great interest to investigate 
this. Thus the objective of the present study is to 
establish an understanding of the effect of reinforcement 
particulates on the creep behavior of Mg-12Li-Al-MgO 
composites in terms of creep kinetics and structure. 
 
2 Experimantal 
 
2.1 Materials 

The material investigated in this study was a 
commercial alloy Mg-12%Li-1%Al(mass fraction). The 
reaction of some B2O3 powder with each melt of 
Mg-12Li-Al produces Mg-12Li-Al-MgO composites 
containing about 0, 5%, 10% and 15%MgO(volume 
fraction) particulates at 740 ℃ . The mixing molten 
Mg-12Li-Al-MgO was cast into a Y-shaped permanent 
mould. Then the creep specimens, 8 mm in diameter by 
10 mm in gauge length, were machined from the 
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Y-shaped ingots. The compositions were determined by 
wet chemical analysis and listed in Table 1. 
 
Table 1 Chemical composition of alloy(mass fraction, %) 

Li Al Na Fe K Mg 
12.14 0.92 0.001 6 0.015 0.002 Bal. 

 
2.2 Procedure 

Compressive creep test was carried out with special 
apparatus composed of constant pressurization, heating 
and temperature controller, collecting data and record 
devices[20]. Different test temperatures (100, 130, 160 
and 190 ℃) and various compressive stresses (40, 50, 
60 and 70 MPa) were used. With no applied load, the 
specimen was completely submerged in oil. The oil bath 
was heated to the required test temperature and left for a 
few hours so that the whole assembly reached the 
selected test temperature. All of the tests were done in 
triplicate in order to obtain satisfactory precision in 
measuring the compressive creep deformation. 

XRD analysis was performed in a Rigaku 
diffractometer, employing the Cu Kα radiation, the 
diffraction intensity was recorded in the range of 34˚ to 
84˚(2θ). 

Specimens for SEM(JXA-840) analysis were etched 
in 10% hydrochloric acid in distilled water and in 1 mL 
nitric acid in 75 mL ethylene glycol, and while those for 
transmission electron microscope (H-800) were ground 
and chemically polished in 1/4 nitric acid/ethanol. 
 
3 Results 
 
3.1 Microstructure of Mg-12Li-Al-MgO composites 

The microstructures of Mg-12Li-Al-MgO compo- 
sites treated with B2O3 powder at 740 ℃ are shown in 
Fig.1. It can be seen that many fine particulates well 
distribute in the matrix of Mg-Li-Al alloy, and their size 
is 1-5 μm, and the more content of MgO, the shorter the 
particulate spacing. XRD analysis indicates that these 
particulates are actually MgO, as shown in Fig.2. 
 
3.2 Steady compressive creep rate 

The curves of compressive creep strain versus time 
were obtained for various combinations of applied stress 
and testing temperature. From the primary creep strain, 
steady (or secondary) creep rates were obtained. The 
typical creep curves of the specimens at 100 ℃ and 
under 50 MPa are shown in Fig.3. 

The steady compressive creep rate( sε& , the averaged 
value of three specimens) of strain, in the linear portion 
of the creep curve which follows the primary stage, was 
calculated for each test over all of the stress and the 
temperature range. The results are listed in Table 2, and 

 

 
Fig.1 SEM micrographs revealing light MgO particulates 
distributed in β phase matrix of Mg-12Li-Al alloy: (a) 10% 
MgO; (b) 15% MgO 
 

 
Fig.2 XRD pattern of Mg-12Li-Al-15%MgO composites 
 

 
Fig.3 Typical compressive creep curves of Mg-12Li-Al-MgO 
composites sample at 100 ℃ and under 50 MPa 
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plotted in forms of slnε&

ln

 versus ln σ and 1/T in Fig.4 
and Fig.5. These graphs show that there is a good linear 
relationship between sε&  and ln σ or 1/T for each 
graph under all test conditions. From Fig.5 it is observed 

that the creep strength of Mg-12Li-Al-MgO composites 
increases as the volume fraction of MgO particulate is 
increased. The slopes of the curves are seen to be a 
function of the MgO content and stress. 

 
Table 2 Steady compressive creep rates of Mg-12Li-Al-MgO composites 

Temperature/℃ Stress/MPa 0% MgO 5% MgO 10% MgO 15% MgO 

100 

40 
50 
60 
70 

2.31×10－6 
6.11×10－6 
1.20×10－5 
3.34×10－5 

6.65×10－9 
4.09×10－8 
1.48×10－7 
3.71×10－7 

1.79×10－9 
1.61×10－8 
5.47×10－8 
2.27×10－7 

1.50×10－10 
9.16×10－10 
6.57×10－9 
3.52×10－8 

130 

40 
50 
60 
70 

9.31×10－6 
2.08×10－5 
5.48×10－5 
1.14×10－4 

3.42×10－8 
2.79×10－7 
8.23×10－7 
2.10×10－6 

8.33×10－9 
4.26×10－8 
3.11×10－7 
7.47×10－7 

2.78×10－9 
1.42×10－8 
6.65×10－8 
4.08×10－7 

160 

40 
50 
60 
70 

3.72×10－5 
8.74×10－5 
2.19×10－4 
7.74×10－4 

2.00×10－7 
1.64×10－6 
3.99×10－6 
1.45×10－5 

5.47×10－8 
5.88×10－7 
1.51×10－6 
5.26×10－6 

4.05×10－8 
2.09×10－7 
1.45×10－6 
8.71×10－6 

190 

40 
50 
60 
70 

1.19×10－4 
2.51×10－4 
8.71×10－4 
1.87×10－3 

2.07×10－6 
1.23×10－5 
4.31×10－5 
1.24×10－4 

5.01×10－7 
4.52×10－6 
1.58×10－5 
4.03×10－5 

1.27×10－7 
1.03×10－6 
5.86×10－6 
1.95×10－5 

 

 

Fig.4 sln ε& versus ln σ for Mg-12Li-Al-MgO composites: (a) 0% MgO; (b) 5% MgO; (c) 10% MgO; (d) 15% MgO 
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Fig.5 versus 1/T for Mg-12Li-Al-MgO composites: (a) 0% MgO; (b) 5% MgO; (c) 10% MgO; (d) 15% MgO sln ε&
 
 
4 Discussion 
 

According to MISHRA et al[21], the creep data may 
be correlated using a simple empirical equation: 
 

)/Rexp(s TQA n −= σε&                         (1) 

 
where  A is a constant which takes into account the 
effects of composition and metallurgical structure, σ is 
the normal stress, n is the stress exponent, Q is an 
effective activation energy for creep, R is the gas 
constant, and T is the absolute temperature of the test. 
This equation implies a linear dependence of the creep 
strain rate on time at constant temperature and stress. 
Taking logarithms and rearranging, then 
 

slnε& ＝ln A＋nln σ－Q/RT                      (2) 
 

If this relationship is obeyed for the experimental 
materials studied here, a plot of ln(any fixed creep strain) 
against ln(stress) at constant temperature should be linear 
with a slope of −n, or a plot of the ln(any fixed creep 
strain) versus 1/T at constant stress should be linear with 
a slope of Q/R over all of temperatures and stresses used. 

Fig.4 and Fig.5 show that such plots for the experimental 
materials with ln σ and with 1/T as independent variable 
are in fact all linear with constant slopes over all of the 
temperatures and stresses used, respectively. The values 
of the exponent n and activation energy Q from these 
graphs are obtained and listed in Table 3. It can be seen 
that the average value of n is between 7.48 and 9.47 for 
Mg-12Li-Al-MgO composites and 4.93 closing to 5 for 
Mg-12Li-Al alloy respectively. 
 
Table 3 Effect of MgO on stress exponent(n) of Mg-12Li-Al 
alloy 

Stress exponent, n 
Test material 

100℃ 130℃ 160℃ 190℃
Average

Mg-12Li-Al 
Mg-12Li-Al -5%MgO

Mg-12Li-Al -10%MgO
Mg-12Li-Al -15%MgO

4.97
7.56
7.93
9.78

5.02 
7.53 
8.65 
9.56 

4.91 
7.46 
8.52 
9.52 

4.83
7.38
8.31
9.03

4.93 
7.48 
8.35 
9.47 

 
A stress exponent n of five is typical of a dislocation 

climb controlling creep rate during creep[22], in this 
circumstance, well-defined subgrain structures form. In 
0% MgO material the primary structural parameter that 
affects the deformation rate is subgrain size, which 
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should change with applied stress, as shown in Fig.6(a). 
However, for the 5%, 10% and 15%MgO materials n 
nearly equal to 8 or more than 8 are observed. It is 
possible that the interparticle spacing of the MgO 
particulates is smaller than the equilibrium subgrian size, 
leading to a constant structure condition, and hence 
constant structure is present, leading to n values of about 
8 or more than 8. The more the content of MgO 
particulates, the smaller the interparticle spacing of the 
MgO particulates. Constant structure implies that the 
barrier spacing to a dislocation motion (i.e. either 
subgrain size stabilized by particles or the interparticle 
space) is independent of the applied stress. A stress 
exponent of 8 or more than 8 is reasonable for the 
Mg-12Li-Al-MgO composites. This is because a constant 
structure can be present in the form of subgrains pinned 
by the MgO particulates, or by the presence of the 
particulates alone if they are closely spaced and effective 
dislocation barriers. Fig.6(b) shows that the dislocation is 
impeded by MgO particulates. Evidence for constant 
structure deformation in other particle strengthened 
materials, where n is equal to about 8, has been shown 
for a number of oxide dispersion strengthened metals[21]. 
Compared with 0% MgO material, the MgO composites 
exhibit the expected constant structure stress exponent of 
8 or more than 8, indicative of the presence of a 
threshold stress[21]. Threshold stresses in dispersion 
hardened materials have often been noted and are not 
well understood. 

The compressive creep activation energy average 
values achieved with Fig.5 are 111.2−137.3 kJ/mol for 
Mg-12Li-Al-MgO composites and about 78.1 kJ/mol for 
Mg-Li-Al alloy respectively, as can be seen in Table 4. 
The creep activation energy could not be compared with 
activation energy for lattice diffusion since no data 
appear available for Mg-Li alloys and Mg-Li-Al alloys. 
However, a value of lattice diffusivity (DL) for the Mg-Li 
matrix phase (β) can be estimated using other low 
valence body-centered cubic metals (Na and Li) as 
guide[14]. Thus, D0=0.25×10－14  m2/s and QL=14.3RTm. 
The Mg-12Li alloy melts at about 580 ℃, giving a 
predicted activation energy for lattice diffusion of 101.41 
kJ/mol. This value is less than the values of 109.9−135.2 
kJ/mol noted as values for Mg-12Li-Al-MgO composites. 
It has been observed, however, that the activation energy 
for creep in many particle strengthened alloys is typically  

   
Fig.6 Microstructures of Mg-12Li-Al-MgO composites:     
(a) Bright-felid TEM micrograph illustrating subgrain 
formation during steady compressive creep deformation (at 130 
℃ and 50 MPa); (b) Dislocation loop round neighboring MgO 
particulates and dislocations near ones in composites 

 
higher than the activation energy for lattice self-diffusion 
in the matrix phase. In spite of these differences it is 
generally believed that lattice diffusion plays an 
important role in these metal base materials. 

When the values of n and Q are known for each 
Mg-12Li-Al-MgO composite and condition, the creep 
data may be represented parametric form by plotting 
values of ln έs against [nlnσ−Q/RT], which should give a 
linear relationship with unit slope and intercept in ln A. It 
can be seen that the creep data are well correlated on a 
line of unit slope in Fig.7. From Fig.7 the value of ln A is 
17.46 for Mg-12Li-Al alloy and 15.94, 14.29 and 11.98 
for Mg-12Li-Al composites with different contents of 
MgO particulates, respectively. As ln A determines the 
position of the line representing each experimental 
materials in Fig.7, which directly shows the relative 
creep behavior of the Mg-12Li-Al-MgO composites. It is 
apparent from Fig.7 that each Mg-12Li-Al-MgO  

 
Table 4 Effect of MgO on activation energy(Q) of Mg-12Li-Al alloy 

Q/(kJ·mol－1) 
Test material 

40 MPa 50 MPa 60 MPa 70 MPa 
Average Q/(kJ·mol－1) 

Mg-12Li-Al 
Mg-12Li-Al-5%MgO 
Mg-12Li-Al-10%MgO 
Mg-12Li-Al-15%MgO 

81.92 
107.9 
115.6 
131.6 

77.39 
111.3 
118.9 
139.6 

74.54 
112.6 
121.4 
140.2 

78.15 
108.9 
110.5 
137.7 

78.1 
111.2 
116.6 
137.3 
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Fig.7 Relationship between sln ε& and [nlnσ−Q/RT] for Mg- 
12Li-Al-MgO composites 
 
composite has a lower creep rate than Mg-12Li-Al alloy, 
and that within the materials there is a clear dependence 
on whether containing MgO or not, a lower rate of creep 
being associated with the content of MgO in 
Mg-12Li-Al-MgO composites. 
 
5 Conclusions 
 

1) The creep rates of Mg-12Li-Al alloy and 
Mg-14Li-Al-MgO composites can be correlated using an 
empirical equation of the form: sε& ＝Aσnexp(−Q/RT), 
where n is 4.93 and Q is 78.1 kJ/mol for Mg-12Li-Al 
alloy and n is between 7.48 and 9.47 and Q is 
111.2−137.3 kJ/mol for Mg-12Li-Al-MgO composites, 
respectively. The different compressive creep behavior of 
the composites was derived solely from differences in 
the values of constant A. The compressive creep rate was 
controlled by dislocation climb and the lattice diffusion 
of Li in the testing materials. 

2) The creep resistance of Mg-12Li-Al-MgO 
composites increased with increasing the content of MgO 
particulate and considerable improvement in creep 
resistance was observed in Mg-12Li-Al-MgO composites, 
and this improvement is caused by the the fine 
precipitates of MgO in the alloy. 
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