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Abstract
Experimental studies of the thermal expansion, heat capacity and thermal conductiv-
ity of the eutectic magnesium–lithium alloy (with composition of 23.0 at.% lithium) 
were performed in the temperature range of 80 K to 400 K. The relative elongation 
and thermal expansion coefficient of this ultralight magnesium–lithium alloy were 
measured by the dilatometric method using a DIL-402C setup. Measurements of the 
heat capacity were carried out by the differential scanning calorimetry using a DSC 
404 F1 setup. Investigation of the thermal conductivity was performed by the hot-
disk technique using a Hot-Disk TPS 2500S setup. The temperature dependences 
were constructed and tables of recommended values of the investigated properties 
were presented. It was found that in  Mg77Li23 alloy a phase transition occurs in the 
range of 223  K to 253  K, where the heat capacity and the linear thermal expan-
sion coefficient change abruptly. This transition is presumably related to the mar-
tensitic transformation of the lithium-rich bcc magnesium–lithium alloys to the hcp 
structure.
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1 Introduction

The development of portable electronics, automotive and aerospace industries 
increases the requirements for lightness of the considered structural and engineer-
ing materials. In these areas of industry, light magnesium alloys, primarily with 
the addition of lithium, are of great interest. Firstly, this is due to their low density. 
According to Ref. [1], the density of the magnesium–lithium eutectic alloy contain-
ing 23 at.% Li is lower than the density of magnesium by about 13 % and 1.8 times 
less than the density of aluminum. Secondly, the addition of lithium can optimize 
the mechanical properties of the magnesium alloy. According to Refs. [2, 3], the 
magnesium–lithium eutectic is a mixture of (Mg)-phase (lithium solution in mag-
nesium with hcp structure) and (Li)-phase (magnesium solution in lithium with 
bcc structure), combining the advantages of both phases [4–7], namely plasticity 
and ductility of (Li)-phase, and high specific strength and stiffness of (Mg)-phase. 
The availability of reliable experimental data on the physical properties of magne-
sium–lithium alloys in a wide temperature range is necessary for an adequate analy-
sis of the prospects for their application as ultralight structural materials.

One of the factors hindering the implementation of magnesium–lithium alloys as 
structural and engineering materials is the paucity of data available in the litera-
ture on the behavior of their properties at temperatures below room temperature. For 
example, we couldn’t find any information on experimental studies of the thermal 
expansion, heat capacity and thermal conductivity below 293 K. Moreover, accord-
ing to the review [2], the phase diagram of the Mg–Li system at temperatures below 
298 K remains unknown. There are no experimental data on the solubility of solid 
lithium in magnesium and magnesium in lithium, and on the form of phase equilib-
rium lines between (Mg)-phase, (Li)-phase and their solid-state mixture (Mg) + (Li) 
below 298 K. It is only known [2, 8, 9] that in the cryogenic temperature range a 
spontaneous martensitic transformation from bcc to hcp crystal structure occurs in 
Mg–Li alloys with a content of 83.6 at.% to 100 at.% Li. It is clear that the lack of 
information about phase equilibria and possible solid-state phase transitions in the 
eutectic composition region of the Mg–Li system does not allow one to reliably esti-
mate the values of thermophysical properties and their change upon cooling below 
298 K.

The aim of this work was to experimentally study the thermal expansion, heat 
capacity, and thermal conductivity of the magnesium–lithium eutectic alloy in the 
temperature range from 80 K to 293 K. These results will make it possible to expand 
the  Mg77Li23 alloy thermophysical properties polytherms constructed by us earlier 
[1, 10].

2  Experimental Details

The heat capacity cP of the  Mg77Li23 alloy was measured by the differential scan-
ning calorimetry on a DSC 404 F1 setup [11] in the temperature range of 187 K to 
374 K. An ingot with a mass of 31.48 mg and a lithium content of 23.03 ± 0.02 at.% 
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was used as a sample, the heat capacity of which was studied by us earlier in the 
range of 300 K to 781 K [1]. The  Mg77Li23 pellet was placed in a platinum crucible 
with corundum inserts under a platinum lid. The weight of the standard sapphire 
sample was 85.28 mg. The experiments were carried out in the heating mode at a 
rate of 2 K·min−1 in a dynamic argon atmosphere (99.992 vol%) with an argon flow 
rate of 20 ml·min−1. The relative uncertainty of the measured cP values is about 3 %.

The thermal expansion of the magnesium–lithium  Mg77Li23 alloy was investi-
gated by the dilatometric method on a DIL-402C setup [12, 13]. Low-temperature 
measurements of the relative elongation ε and the linear thermal expansion coeffi-
cient α were carried out in the temperature range of 100 K to 400 K, in pure helium 
atmosphere (99.995 vol.%), and in the heating mode at a rate of 2  K·min−1. The 
elongation ε(T) of the sample was calculated from the relative change in its length L 
from room temperature Tr = 293.15 K to temperature T:

Numerical differentiation was used to calculate the linear thermal expansion coef-
ficient α:

The α uncertainty is generally between 1 % and 3 % [13, 14]. As an object of 
the thermal expansion investigation the sample of an eutectic alloy with a lithium 
content of 23.03 ± 0.02 at.% was used, the volumetric properties of which were pre-
viously studied by us in the range of 300 K to 759 K [1]. The reproducibility of the 
results of this work on the heat capacity and thermal expansion coefficients with the 
corresponding temperature dependences cP(T) [1] and α(T) [1] in the range of 300 K 
to 400 K confirmed that the purity of the  Mg77Li23 alloy samples had not changed 
after experiments [1].

To study the thermal conductivity of  Mg77Li23 alloy in the temperature range 
from 80 K to 293 K, a Hot-Disk TPS 2500 S setup [15] was used, which implements 
the transient plane source method [16, 17]. The preparation of magnesium–lithium 
eutectic alloy samples to measure its thermal conductivity λ was carried out accord-
ing to the procedure described earlier in Refs. [10, 18]. Magnesium and lithium 
ingots with a purity of 99.95 wt% were used. The magnesium was supplied by JSC 
“Solikamsk Magnesium Works”. The natural lithium was supplied by JSC “Novosi-
birsk Chemical Concentrates Plant”. The same metal components were used earlier 
[1] in the preparation of the magnesium–lithium eutectic alloy samples. Additional 
purification of lithium pieces from films of oxides and nitrides, preparation of mag-
nesium and lithium weighings in the required proportion, and sealing of weighings 
in a molybdenum ampoule were carried out in a glove box filled with pure argon 
(99.992 vol%). The lid and crucible of the ampoule were machined from a molyb-
denum rod 40  mm in diameter (MChVP molybdenum grade with a purity of at 
least 99.94 wt%) and preliminarily annealed in vacuum (at a pressure of no more 
than 1  mPa) for 1  h in the temperature range of 1000  K to 1200  K. It is known 
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that magnesium does not interact with molybdenum up to 2600 K [19], and liquid 
lithium practically does not dissolve molybdenum up to 1000 K [19]. Fusion and 
homogenization of the Mg–Li sample containing 23.00 ± 0.02 at.% Li in a molyb-
denum ampoule were carried out in a GP-2 scanning gamma-densitometer [10, 13, 
20] furnace at a temperature of 970 K. The uniformity and homogeneity of the pre-
pared  Mg77Li23 ingot in the solid and liquid states were controlled by scanning with 
gamma radiation in the furnace of the GP-2 setup. Further, two plane-parallel cylin-
drical samples 36  mm in diameter and 18  mm high with carefully polished ends 
were machined from the defect-free part of the resulting ingot. Transiently heated 
plane sensor of the Hot-Disk TPS 2500 S setup (Kapton sensor K5501 12.8 mm in 
diameter) was clamped in the center between two disks of the eutectic alloy. The 
finished assembly with an S type thermocouple was immersed in a sealed stainless 
steel container, which was then evacuated and filled with an argon (99.992 vol%). 
A LAUDA KRYOMAT RUL 80 cryostat was used to cool the samples container to 
200 K. Also, three measurements of the thermal conductivity were carried out near 
the boiling point of nitrogen. The instrumental uncertainty of the thermal conductiv-
ity measurements carried out on the Hot-Disk TPS 2500 S is 5 % [15].

3  Results and Discussion

The relative elongation ε and the linear thermal expansion coefficient α of the mag-
nesium–lithium eutectic alloy were measured during four experiments in the heating 
mode. The ε results for different heating modes almost completely coincided with 
each other. Figure 1 shows the experimental data of the  Mg77Li23 relative elongation 
studied in this work, as well as our previous ε data [1] obtained on the same sample 

Fig. 1  The relative elongation temperature dependence of solid magnesium–lithium eutectic alloy: 1, 
present work; 2, ε(T) for  Mg77Li23 [1]; 3, ε(T) for pure Mg [10]. The room temperature Tr = 293.15 K
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and the ε(T) dependence for pure magnesium [10]. It can be seen from Fig. 1 that 
the results of the present and previous [1] works on the eutectic elongation overlap 
in the range of 293 K to 400 K and deviate noticeably from the magnesium ε(T) 
dependence [10] both above and below room temperature. Attention should also be 
paid to a sharp change in the slope of the  Mg77Li23 alloy ε(T) dependence in the 
vicinity of 240 K (see Fig. 1).

Figure  2 compares the eutectic magnesium–lithium alloy linear thermal 
expansion coefficient α experimental data of this paper (smoothed with the 
Savitzky–Golay method) with the results of previous studies [1, 21] and with α(T) 
for pure magnesium [10]. It can be seen that the α(T) dependences for all heating 
modes are in good agreement with each other and smoothly transition to α(T) [1] 
obtained earlier by the dilatometric method on the same sample. According to our 
data, α(T) of the  Mg77Li23 alloy exceeds the corresponding dependence for mag-
nesium [10] by about 9 % in the range of 100 K to 228 K. Further, as can be seen 
from Fig.  2, the thermal expansion coefficient of the eutectic alloy experiences 
an abrupt increase by about 25 % in the range of 228 K to 248 K (significantly 
exceeds the uncertainty of dilatometric measurements), exceeding magnesium α 
by about 35 %. Further heating of the sample to 550 K does not lead to a signifi-
cant change in the thermal expansion coefficient of the eutectic alloy (see Fig. 2). 
In this case, the  Mg77Li23 alloy α values approach α(T) of pure magnesium. This 
result is inconsistent with the form of the Mg–Li phase diagram [3], according 
to which heating above room temperature leads to a gradual increase in the frac-
tion of the (Li)-phase and, accordingly, a decrease in the fraction of the (Mg)-
phase in the volume of the eutectic sample. Approximation of this work results 

Fig. 2  The linear thermal expansion coefficient experimental data of solid magnesium–lithium eutectic 
alloy: 1, 1st heating; 2, 2nd heating; 3, 3rd heating; 4, 4th heating; 5, α(T) for  Mg77Li23 [1]; 6, α(T) for 
pure Mg [10]; 7, α(T) for  Mg77Li23 [21]. The expanded uncertainties are given for the 95 % confidence 
interval
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in the range of 100 K to 228 K by the least squares method gave the following 
dependence:

where T in K, α(T) in  10−6  K−1. In the range of 248 K to 568 K, the data of this work 
and Ref. [1] were approximated jointly by the following dependence:

where T in K, α(T) in  10−6  K−1.
The investigation of the magnesium–lithium eutectic alloy heat capacity cP in the 

range of 190  K to 374  K was carried out during two experiments in the heating 
mode. Figure 3 shows the experimental data on the molar heat capacity CP and their 
comparison with the results [1] obtained by DSC on the same sample. It can be seen 
that the CP(T) dependences obtained in this work for both regimes agree well with 
each other and are well described by CP(T) from Ref. [1] above room temperature. 
To compare the results for the eutectic alloy with the heat capacity of pure Mg at 
200  K to 300  K, the CP(T) of a magnesium sample [22] (with a purity of 99.95 
wt%) was studied by the DSC method in this work in the corresponding temperature 
range. Approximation of the experimental data obtained for magnesium gave the 
following dependence in the temperature interval of 190 K to 300 K:

(3)�(T) = 1.146 + 0.183 ⋅ T − 1.901 ⋅ 10−4 ⋅ T2 − 5.35 ⋅ 10−7 ⋅ T3,

(4)
�(T) = 129.646 − 0.9922 ⋅ T + 3.6658 ⋅ 10−3 ⋅ T2 − 5.8195 ⋅ 10−6 ⋅ T3 + 3.3763 ⋅ 10−9 ⋅ T4,

Fig. 3  The molar heat capacity experimental data of solid magnesium–lithium eutectic alloy. 1, 1st heat-
ing; 2, 2nd heating; 3, CP(T) for  Mg77Li23 [1]; 4, CP(T) for pure Mg [22]; 5, Eq.  5 for pure Mg. The 
expanded uncertainties are given for the 95 % confidence interval
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where T in K, cP(T) in J·(g·K)−1. The  Mg77Li23 alloy heat capacity lies below CP(T) 
for magnesium in the range of 200 K to 223 K and increases almost linearly with 
temperature (see Fig. 3). Further, in the range of 223 K to 253 K, where peculiari-
ties on ε(T) and α(T) were observed, the eutectic alloy heat capacity experiences an 
abrupt increase by about 12 % (which significantly exceeds the uncertainty of DSC 
measurements), approaching the CP values of magnesium. At the same time, no 
thermal effects were recorded on the obtained DSC signal in the vicinity of 240 K, 
due to their possible smallness and stretching in temperature. Above 260 K, the heat 
capacity of the eutectic alloy increases linearly with temperature and, as noted ear-
lier [1], can be estimated from the CP(T) of pure magnesium. The results of this 
work in the range of 200 K to 223 K were approximated by a linear dependence:

where T in K, cP(T) in J·(g·K)−1. And in the range of 260  K to 616  K, the joint 
approximation of the present work results and Ref. [1] gave the following linear 
dependence:

where T in K, cP(T) in J·(g·K)−1.

(5)
c
P
(T) = 6.625 − 2.781 ⋅ 10−2 ⋅ T + 6.158 ⋅ 10−5 ⋅ T2 − 5.018 ⋅ 10−8 ⋅ T3 − 443.1∕T ,

(6)c
P
(T) = 0.869 + 8.21 ⋅ 10−4 ⋅ T ,

(7)c
P
(T) = 1.053 + 4.93 ⋅ 10−4 ⋅ T ,

Fig. 4  The thermal conductivity temperature dependence of solid magnesium–lithium eutectic alloy: 1, 
experimental data of the present work; 2, Eq. 8; 3, λ(T) for  Mg77Li23 [1]; 4, λ(T) for pure Mg [23]; 5, λ(T) 
for  Mg77Li23 [21]. The expanded uncertainties are given for the 95 % confidence interval
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Figure 4 shows the results of the magnesium–lithium eutectic alloy thermal con-
ductivity λ measurements by the transient plane source method. The measurements 
were carried out after holding  Mg77Li23 samples for three hours at a constant tem-
perature, wherein two or three experiments were performed for each temperature. 
As can be seen from Fig. 4, the results of present work lie above the data of Ref. 
[1] by 5 % to 8 % in the vicinity of 293 K to 300 K, which does not exceed the total 
uncertainties of the laser flash method and the transient plane source method. Sam-
ples were cooled to 200 K using a LAUDA KRYOMAT RUL 80 cryostat. Figure 4 
shows that, in contrast to the relative elongation, thermal expansion coefficient, and 
heat capacity of the  Mg77Li23 alloy, the temperature dependence λ(T) does not show 
any features in the range of 200 K to 293 K. The thermal conductivity of the eutectic 
alloy increases continuously and without breaks with increasing temperature (see 
Fig. 4). Additionally, three measurements of λ were carried out in the vicinity of the 
nitrogen boiling point. Figure 4 shows that the results of these experiments are in 
good agreement with the dependence λ(T) obtained using the cryostat. Therefore, 
taking into account the absence of peculiarities on ε(T) and α(T) in the range of 
100 to 200 (see Figs. 1, 2), all results of the hot-disk technique measurements are 
approximated by a single dependence:

where T in K, λ(T) in W·(m·K)−1. A comparison with pure magnesium λ(T) [23] 
showed that, in the studied temperature range, the ratio of the Mg thermal conduc-
tivity to the  Mg77Li23 alloy thermal conductivity varies from about 30 (in the vicin-
ity of 78 K) to about 3 (at room temperature).

We couldn’t find any information in the literature on phase transitions in the mag-
nesium–lithium eutectic alloy at temperatures below room temperature. It is known 
that pure magnesium retains its hcp crystal structure at atmospheric pressure over 
the entire temperature range of solid-state existence [2, 24]. It can be assumed that 
solid lithium solutions in magnesium (up to 17 at.% Li [2]) also have only one struc-
ture, hcp. Lithium, however, upon cooling to about 78 K, undergoes a spontaneous 
martensitic phase transformation from bcc to hcp phase [25]. It is also known [2, 
8, 9] that martensitic transitions occur in solutions of magnesium in lithium, with a 
content of up to 24 at.% Mg. For example, the  Mg12.4Li87.6 alloy phase transforma-
tion temperature lies in the vicinity of 125 K [8]. And, according to Ref. [2], the 
bcc → hcp transition temperature increases with an increase in the magnesium con-
tent. If we assume the presence of this martensitic transformation for all magnesium 
solutions in lithium ((Li)-phase), then the observations [8, 9] make it possible to 
clarify the nature of abrupt changes in the heat capacity (see Fig. 3) and the thermal 
expansion coefficient (see Fig. 2) of the eutectic alloy, since the alloy contains the 
(Li)-phase in its volume. The absence of peculiarities in λ(T) (see Fig. 4), as well as 
the absence of abrupt changes in relative elongation (see Fig. 1) and enthalpy, indi-
cates the partial nature of the assumed martensitic transition of the bcc (Li)-phase to 

(8)�(T) = −27.2 + 0.483 ⋅ T − 6.97 ⋅ 10−4 ⋅ T2,
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the hcp structure and insufficient sensitivity of the used methods for studying ther-
mophysical properties. As the  Mg77Li23 alloy martensitic phase transformation tem-
perature we chose TM = 238 ± 10 K, which is the average between the temperatures 
of the onset and end of features on CP(T) and α(T) (see Figs. 2, 3).

The values of magnesium–lithium eutectic alloy thermal diffusivity a were cal-
culated using the dependences λ(T), cP(T), ε(T) constructed in this work, the density 
at room temperature [1] and the relation λ = a∙cP∙ρ. Figure 5 shows the dependence 
a(T) calculated at 200 K to 300 K and its comparison with the results of the previ-
ous study [1] and the recommended data for pure magnesium [26]. It can be seen 
that the  Mg77Li23 alloy thermal diffusivity changes abruptly by approximately 10 
% in the vicinity of 238 K. Further heating of the eutectic alloy leads to a continu-
ous increase in thermal diffusivity. The deviation of this work calculations from the 
results of Ref. [1] near room temperature is about 7 %, which does not exceed the 
total uncertainties of calculations and measurements by the laser flash method [1].

Tables 1, 2 and 3 summarize the smoothed and consistent values of the thermo-
physical properties of the  Mg77Li23 eutectic alloy in the solid and liquid states inves-
tigated in the present work and [1, 10]. The expanded uncertainty of the relative 
elongation U(ε), the relative expanded uncertainties of the density Ur(ρ), the thermal 
expansion coefficients Ur(α, β), the heat capacity Ur(cP), the thermal conductivity 
Ur(λ), and the thermal diffusivity Ur(a) in Tables 1, 2 and 3 are given for the 95 % 
confidence band.

Fig. 5  The thermal diffusivity temperature dependence of solid magnesium–lithium eutectic alloy: 1, cal-
culated data of the present work; 2, a(T) for  Mg77Li23 [1]; 3, a(T) for pure Mg [26]. The expanded uncer-
tainties are given for the 95 % confidence interval



 International Journal of Thermophysics (2023) 44:104

1 3

104 Page 10 of 14

Table 1  Smoothed values of the volumetric properties of the  Mg77Li23 eutectic alloy

ε, α, and β of solid sample were measured by the dilatometric method (this work and Ref. [1]); β of 
liquid sample was measured by the gamma-method [10]; ρ(293.15 K) was measured by the Archimedes 
method [1]; ρ(T) was plotted using ρr, ε, α, β, and δρf [1, 10]. The expanded uncertainty of T is no more 
than U(T) = 1.5 K
Solid 1 unknown solid phase, Solid 2 bcc (Li) + hcp (Mg) solid solution
*Extrapolated values

Phase T (K) α, 
 (10−6  K−1)

ε  (10−6) β 
 (10−5  K−1)

ρ (kg·m−3) Ur(α, β) 
(%)

U(ε)  (10−6) Ur(ρ) (%)

Solid 1 100 17.0  − 5018 5.13 1539.9 12.4 106 0.06
120 19.4  − 4653 5.86 1538.2 9.4 70 0.05
140 21.6  − 4242 6.50 1536.3 6.4 42 0.05
160 23.4  − 3792 7.04 1534.3 3.3 27 0.05
180 24.8  − 3309 7.47 1532.0 0.7 24 0.05
200 25.9  − 2802 7.78 1529.7 0.7 20 0.05
220 26.5  − 2277 7.97 1527.3 0.7 17 0.05
238* 26.7  − 1798 8.03 1525.1 1.0 12 0.05

Solid 2 238* 33.5  − 1798 10.08 1525.1 0.9 12 0.05
240* 33.4  − 1731 10.04 1524.8 0.9 11 0.05
260 32.6  − 1071 9.80 1521.8 0.7 7 0.05
273.15 32.3  − 644 9.70 1519.8 0.6 4 0.05
280 32.2  − 423 9.67 1518.8 0.6 3 0.05
293.15 32.1 0 9.64 1516.9 0.6 0 0.05
300 32.1 220 9.64 1515.9 0.6 1 0.05
350 32.6 1835 9.76 1508.5 0.6 11 0.05
400 33.3 3482 9.95 1501.1 0.6 21 0.05
450 33.6 5157 10.04 1493.6 0.6 31 0.05
500 33.6 6838 10.00 1486.2 0.6 42 0.05
550 33.6 8515 9.99 1478.8 0.6 52 0.05
600 34.9 10 219 10.37 1471.3 0.6 62 0.05
650 37.2 12 018 11.02 1463.5 1.0 74 0.05
700 40.0 13 945 11.84 1455.1 1.4 93 0.06
750 43.4 16 029 12.82 1446.2 1.8 121 0.06
800* 47.4 18 297 13.97 1436.6 2.4 160 0.07
850* 52.0 20 779 15.28 1426.1 3.7 217 0.08
865.2* 53.5 21 581 15.71 1422.8 4.4 246 0.09

Melt 865.2 – – 17.10 1356.6 7.0 – 0.40
900 – – 17.20 1348.6 7.0 – 0.44
950 – – 17.40 1337.0 7.0 – 0.51
1000 – – 17.50 1325.4 7.0 – 0.57
1007 – – 17.50 1323.7 7.0 – 0.58
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4  Conclusion

A complex experimental study of a number of thermophysical properties (thermal 
expansion, heat capacity, thermal conductivity) of the magnesium–lithium eutectic 
alloy containing 23 at.% Li carried out at low temperatures. The obtained results are 
compared with the data for pure magnesium and previous experimental data [1, 10]. 
The performed measurements made it possible to expand the temperature range inves-
tigated earlier [1, 10] and to construct the corresponding tables of recommended data. 
A phase transition was found in the vicinity of 238 K, accompanied by abrupt changes 
on the temperature dependences of the heat capacity and the linear thermal expansion 
coefficient. Presumably, during heating above this temperature, the (Li)-phase in the 
 Mg77Li23 alloy undergoes a martensitic transformation from the hcp crystal structure 
to bcc. Apparently, the bcc (Li) phase is stable above 238 K, while below 238 K only 
a fraction of the (Li) phase volume passes to the hcp structure, as indicated by the 
absence of observed thermal effects and a relative density changes in this work. These 
assumptions are put forward on the basis of observations [8, 9, 25] and, of course, 
require direct experimental confirmation. Nevertheless, the obtained results indicate the 

Table 2  Smoothed values of 
the  Mg77Li23 eutectic alloy heat 
capacity

cP of solid sample was measured by the DSC method (this work 
and Ref. [1]). The expanded uncertainty of T is no more than 
U(T) = 2.5 K
*Extrapolated values

Phase T (K) cP [J·(g·K)−1] CP [J·(mol·K)−1] Ur(cP) (%)

Unknown 
solid 
phase

200 1.03 20.98 3

220 1.05 21.31 3
238* 1.06 21.61 3

bcc 
(Li) + hcp 
(Mg) solid 
solution

238* 1.17 23.77 3

240* 1.17 23.79 3
260 1.18 23.99 3
273.15 1.19 24.12 3
280 1.19 24.19 3
293.15 1.20 24.32 3
300 1.20 24.39 3
350 1.23 24.89 3
400 1.25 25.39 3
450 1.27 25.89 3
500 1.30 26.39 3
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need for a comprehensive study of the phase composition, phase equilibria, and other 
properties of magnesium–lithium alloys below room temperature in order to adequately 
analyze the prospects for their use as the basis for ultralight structural and engineering 
materials.
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Table 3  Smoothed values of the transport properties of the  Mg77Li23 eutectic alloy

λ and a in the temperature interval of 300 K to 500 K were measured by the laser flash method [1]; λ in 
the temperature interval of 80 K to 293.15 K was measured by the transient plane source method in the 
present work; a in the temperature interval of 200 K to 293.15 K was calculated using λ, ρ, and cP. The 
expanded uncertainty of T is no more than U(T) = 3 K
*Extrapolated values

Phase T (K) λ [W·(m·K)−1] a  (10−6  m2·s−1) Ur(λ) (%) Ur(a) (%)

Unknown solid 
phase

80 6.95 – 9.0 9.5

100* 14.10 – 5.9 6.6
120* 20.68 – 5.3 6.1
140* 26.71 – 5.2 6
160* 32.18 – 5.1 5.9
180* 37.10 – 5.1 5.9
200 41.45 26.23 5.1 5.9
220 45.25 28.23 5.0 5.9
238 48.31 29.74 5.0 5.8

bcc (Li) + hcp 
(Mg) solid 
solution

238 48.31 27.06 5.0 5.8

240 48.49 27.15 5.0 5.8
260 51.17 28.47 5.0 5.8
273.15 52.63 29.16 5.0 5.8
280 53.30 29.46 5.0 5.9
293.15 54.39 29.94 5.0 5.9
300 50.91 27.91 3.6 2.0
350 53.33 28.84 3.6 2.0
400 55.58 29.68 3.6 2.0
450 57.66 30.39 3.6 2.0
500 59.56 30.94 3.6 2.0
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