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A B S T R A C T

Temperature-dependent interaction parameters of Redlich-Kister (R–K) polynomials for Li–Mg alloy in liquid
phase have been optimized using experimental data in the framework of linear and exponential models. These
parameters have then been used to compute the thermodynamic properties (excess Gibbs free energy of mixing,
enthalpy of mixing and activity) and structural property (concentration fluctuations in the long-wavelength limit)
of the alloy at temperatures 1000 K, 1300 K, 1600 K, 1900 K, and 2200 K. The negative values of excess Gibbs free
energy of mixing computed using linear T-dependent parameters increases with the rise in the temperature of the
system beyond 1000 K while the same physical quantity computed using the exponential T-dependent interaction
parameters decreases with the rise in temperatures and does not show any unusual trends up to 2200 K. Similar
behavior has been found in the case of other thermodynamic and structural functions. The unusual behavior that
appears in the thermodynamic and structural functions computed using linear T-dependent parameters can be
eliminated if these functions are computed using exponential T-dependent parameters.
1. Introduction

The coexistence of two distinct liquid phases causes miscibility gaps
in the liquid phase of alloys [1, 2]. The miscibility gaps which appear in
phase diagrams and thermodynamic functions are termed thermody-
namic artifacts. Several researchers [3, 4, 5, 6, 7, 8, 9, 10, 11, 12] have
revealed the existence of artificial inverted miscibility gaps in different
alloy systems. Kevorkov et al. [3] analyzed published parameters of
Feufel [13] and Yan et al. [14] for Mg–Si system and studied the presence
of artificial inverted miscibility gaps in the liquid phase at higher tem-
peratures. They then remodeled the system using the data of Yan et al.
[14] and computed the phase diagram without the inverted miscibility
gaps up to 4273 K. Kaptay [4] explained that the artifacts appear in some
alloy systems at high temperature when the coefficients of Redlich-Kister
(R–K) polynomials are considered to be linear temperature (T) depen-
dent. The linear T-dependence of interaction parameters are expressed in
the form Li þ ai þ biT where ai is the enthalpy term in unit J mol�1 and bi
is the entropy term in J mol�1 K�1. Following Kaptay, if ai < 0 and b2 >

2:R , then the existence of artifacts is observed. To overcome this, he
proposed a model in which the interaction parameters depend expo-
nentially on T called the exponential model. Later Schmidt-Fetzer et al.
ra.adhikari@mmamc.tu.edu.np (

October 2020; Accepted 24 Mar
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[7] detected the presence of low-temperature artifact in the phase dia-
gram of Mg–Si system using two exponentially optimized parameters.
With this regard, Liang et al. [11] employed the combined
linear-exponential T- dependent (LET) interaction parameter in order to
remove both high and low T-artifacts of the system. Contrary to
Schmidt-Fetzer et al., Kaptay removed both high and low-T artifacts of
fifteen different systems by considering four exponential interaction
parameters [12]. Furthermore, Kaptay suggested the utility of LET
interaction parameters for those systems in which the excess Gibbs free
energy changes sign with the temperature. In the present work, we have
observed the presence of high T-artifacts in Li–Mg system in the tem-
perature range 1000–2200 K while assuming the interaction parameters
to be linear T-dependent.

Lithium–Magnesium based alloys are metallic materials having low
densities which are mostly used in aerospace, automotive, portable
electronics, etc. [15], among which Li–Mg alloys have extremely light-
weight, high mechanical strength, and high stiffness. As a result, they
have been assessed by several researchers [16, 17, 18, 19] in the field of
metallurgical science. Gasior et al. [16] have optimized coefficients of
R–K polynomials for Gibbs energy of mixing for the system using data
obtained by electromotive force (emf) method and other experimental
D. Adhikari).
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Table 1. Optimized parameters for liquid Li–Mg alloy.

Li Linear Exponential

L0 -21318 þ 2.9 T -31362 exp (-1.46 � 10�4 T)

L1 7930 - 15.1T 1154251 exp (-1.60 � 10�2 T)

L2 10668–8.9 T 12138 exp (-1.34 � 10�3 T)

L3 -7765 þ 7.4 T -9382 exp (-1.67 � 10�3 T)

Table 2. Excess Gibbs free energy of mixing (Gxs
M) of liquid Li–Mg alloy at temperatures 1000 K, 1300 K, 1600 K, 1900 K and 2200 K.

XMg Excess Gibbs free energy of mixing (Gxs
M ) in (J/mol)

T ¼ 1000K T ¼ 1300 K

Linear fit Expon. fit Experimental [25] Wang et al. [19] Cost 507 [20] Linear fit Expon. fit Wang et al. [19]

0.1 -2095.23 -1557.95 -2085.82 -1369.21 -466.40 -2336.12 -1515.10 -1426.77

0.2 -3562.91 -2828.97 -3540.46 -2573.13 -801.39 -3797.62 -2738.52 -2701.48

0.3 -4434.11 -3790.56 -4405.72 -3517.11 -1018.03 -4533.01 -3649.81 -3719.74

0.4 -4756.84 -4400.12 -4740.12 -4130.82 -1127.89 -4682.10 -4218.27 -4401.44

0.5 -4596.06 -4611.78 -4598.00 -4368.23 -1141.00 -4376.03 -4413.21 -4690.79

0.6 -4033.70 -4393.37 -4050.42 -4207.57 -1065.87 -3737.25 -4214.18 -4556.28

0.7 -3168.61 -3743.26 -3193.52 -3651.43 -909.50 -2879.53 -3621.17 -3990.71

0.8 -2116.63 -2707.32 -2135.98 -2726.63 -677.35 -1907.93 -2664.87 -3011.16

0.9 -1010.52 -1395.74 -1019.92 -1484.34 -373.38 -918.85 -1416.90 -1659.03

XMg Excess Gibbs free energy of mixing (Gxs
M ) in (J/mol)

T ¼ 1600 K T ¼ 1900 K T ¼ 2200 K

Linear fit Expon. fit Wang et al. [19] Linear fit Expon. fit Wang et al. [19] Linear fit Expon. fit Wang et al. [19]

0.1 -2577.0 -1467.9 -1484.3 -2817.9 -1417.9 -1541.9 -3058.8 -1366.3 -1599.4

0.2 -4032.3 -2643.0 -2829.8 -4267.0 -2545.0 -2958.2 -4501.8 -2446.5 -3086.5

0.3 -4631.9 -3508.2 -3922.4 -4730.8 -3367.9 -4125.0 -4829.7 -3230.3 -4327.6

0.4 -4607.4 -4041.8 -4672.1 -4532.6 -3871.3 -4942.7 -4457.9 -3707.0 -5213.3

0.5 -4156.0 -4223.2 -5013.4 -3936.0 -4041.3 -5335.9 -3715.9 -3867.3 -5658.5

0.6 -3440.8 -4039.3 -4905.0 -3144.4 -3869.8 -5253.7 -2847.9 -3706.1 -5602.4

0.7 -2590.4 -3490.9 -4330.0 -2301.3 -3357.4 -4669.3 -2012.3 -3223.9 -5008.6

0.8 -1699.2 -2598.4 -3295.7 -1490.5 -2518.0 -3580.2 -1281.8 -2430.1 -3864.8

0.9 -827.2 -1408.5 -1833.7 -735.5 -1381.9 -2008.4 -643.8 -1344.5 -2183.1
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techniques. Jha et al. [18] studied the same system employing a regular
associated solution model assuming the favorable complex Li2Mg and
concluded it to be moderately interacting. The phase diagram of Li–Mg
alloy shows that there exist three stable liquid phases namely bcc-A2,
fcc-A3, and one metastable phase fcc-Al in a liquid solution and two
metastable compounds Al12Mg17 and AlLi [20]. Braga et al. [17]
computed the phase diagram using the reoptimized parameters for the
system using the data of Cost 507 [20]. It was found that the computed
phase diagram agrees well with the experimental in the composition
range xLi � 0:3 Later, Wang et al. [19] found that there appeared inverse
miscibility gap while considering the reassessed parameters of Brag et al.
above 973 K. Therefore, they reassessed the system by taking account of
experimental data and eliminated inverse miscibility gap and artificial
phase relations in Li-rich region which had been appeared in the calcu-
lations using parameters from [16, 17] near to its melting temperature.
However, it is found that the negative values of excess Gibbs free energy
of mixing of the system calculated using parameters of Wang et al. in-
creases with rise in temperature indicating the increase in mixing ten-
dency of the liquid alloy. But the liquid alloys should show ideal mixing
behavior at elevated temperatures [21, 22, 23, 24].

In the present work, both the linear and exponential T- dependent
interaction parameters have been optimized for the Li–Mg system using
experimental data [25]. The excess Gibbs free energy, enthalpy of mix-
ing, activity, and concentration fluctuations in the long-wavelength limit
(Scc(0)) have been computed using the optimized parameters in the
framework of R–K polynomials at different temperatures. Additionally,
2

the presence of artifacts in the thermodynamic as well as structural
functions of the system has been detected using the linear T-dependent
interaction parameters. These artifacts have been removed by assuming
the exponential T-dependent interaction parameters.

2. Formalism

2.1. Thermodynamic properties

Thermodynamic properties like excess Gibbs free energy of mixing
(Gxs

M), heat of mixing (HM) and excess entropy of mixing (SxsM) can be
expressed in terms of Redlich-Kister (R–K) polynomials. These three
thermodynamic functions can be related in standard form as

Gxs
M ¼HM � TSxsM (1)

The excess entropy of mixing ( SxsM ) in terms Gxs
M can be given as

SxsM ¼�∂
�
Gxs

M

�
∂T (2)

In the frame work of R–K polynomials, the excess thermodynamic
functions (Zxs) for the binary liquid alloys of the type A-B can be
expressed in the form [26].

Zxs ¼ x1x2
Xn

i¼0

Liðx1 � x2Þi (3)



Figure 1. The compositional dependence of the excess Gibbs free energy of mixing (Gxs
M) of the liquid Li–Mg alloy at temperatures (a) 1000 K, (b) 1300 K, (c) 1600 K,

(d) 1900 K and (e) 2200 K.
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where x1ðxA ¼ xLiÞ and x2ðxB ¼ xMgÞ are the concentrations of compo-
nents A and B of the alloy and Li are the coefficients of R–K polynomials.
Zxs stands for Gxs

M , HM and SxsM . For G
xs
M linear T-dependent parameters Li

be expressed as [7, 11, 12].

Li ¼ ai � biT (4)

where ai and bi are the parameters associated with the heat of mixing and
excess entropy of mixing respectively. Using Eq. (4) in Eq. (3), we get

Gxs
M ¼ x1x2

Xn

i¼0

ðai � biTÞðx1 � x2Þi (5)
3

Now, using Eq. (5) in Eq. (2) and then in Eq. (1), one can obtain the
relations for SxsM and HM as

SxsM ¼ x1x2
Xn

i¼0

biðx1 � x2Þi (6)

and

HM ¼ x1x2
Xn

i¼0

aiðx1 � x2Þi (7)

Following, Kaptay [4], Li in terms of exponential T-dependent inter-
action parameters can be given as



Table 3. Enthalpy of mixing (HM) of liquid Li–Mg alloy 1000 K, 1300 K, 1600 K, 1900 K and 2200 K.

XMg Enthalpy of mixing (HM) in (J/mol)

T ¼ 1000 K Expon. fit

Linear fit Expon. fit Experimental [25] Wang et al. [19] T ¼ 1300K T ¼ 1600K T ¼ 1900K T ¼ 2200K

0.1 -1091.0 -1424.2 -1091.0 -1177.4 -1318.8 -1207.4 -1095.0 -985.3

0.2 -2303.5 -2539.8 -2340.8 -2145.3 -2333.3 -2124.8 -1920.9 -1725.9

0.3 -3556.6 -3326.0 -3582.3 -2841.7 -3036.2 -2754.9 -2486.5 -2233.3

0.4 -4648.2 -3786.0 -4648.2 -3228.8 -3441.4 -3116.2 -2810.8 -2525.1

0.5 -5329.5 -3935.2 -5362.9 -3293.0 -3571.5 -3231.9 -2914.9 -2619.1

0.6 -5379.7 -3790.3 -5379.7 -3045.2 -3446.2 -3120.3 -2814.0 -2527.5

0.7 -4680.1 -3357.5 -4606.4 -2520.5 -3069.9 -2784.0 -2509.4 -2250.3

0.8 -3289.4 -2621.3 -3201.9 -1778.2 -2419.9 -2199.6 -1979.8 -1769.7

0.9 -1517.3 -1533.2 -1517.3 -902.0 -1434.3 -1307.1 -1173.4 -1043.7

(a)

(b)
K
K

Figure 2. The compositional dependence of the enthalpy of mixing (HM) of
liquid the Li–Mg alloy at (a) 1000 K and (b) 1300 K–2200 K.
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4

Li ¼ hiexp
�T
τi

(8)

� �

where hi and τi are exponential parameters which are to be optimized.
Similarly, using Eqs. (5), (6), (7) and (8) can be transformed as

Gxs
M ¼ x1x2

Xn

i¼0

hiexp
��T

τi

�
ðx1 � x2Þi (9)

SxsM ¼ x1x2
Xn

i¼0

�
1
τi

�
hiexp

��T
τi

�
ðx1 � x2Þi (10)

and

HM ¼ x1x2
Xn

i¼0

�
1þ T

τi

�
hiexp

��T
τi

�
ðx1 � x2Þi (11)

Activity is an important thermodynamic property of the liquid alloy
which are directly computed from the experimental measurements. It
provides an immediate insight of the mixing tendency of the system. The
activity of components A and B of the liquid alloy can be related to Gxs

μ as

aμ ¼ xμexp
�
Gxs

μ

RT

�
(12)

where μ¼ 1, 2 for components A and B and Gxs
μ are partial excess Gibbs

free energy of components A and B of the alloy which can further be
expressed as [27].

Gxs
μ ¼Gxs þ

X2

j¼1

�
δμ

j � xj
� ∂Gxs

M

∂xj
(13)

2.2. Structural properties

It is well known fact that the liquid alloys are disorder systems having
no long-range interactions. Therefore, the knowledge of the local ar-
rangements of the atoms of the liquid mixture is mandatory to under-
stand the energetic of the initial melt. The extent of local ordering of the
atoms can be studied and explained in terms of concentration fluctua-
tions in long-wavelength limit (Sccð0Þ). The standard relation for Sccð0Þ in
terms of excess free energy of mixing can be given as [28].

Sccð0Þ¼RT
�
∂2Gxs

M

∂x21

��1

(14)



Table 4. Activities of components of liquid Li–Mg alloy at temperatures 1000 K, 1300 K, 1600 K, 1900 K and 2200 K.

XMg Activities

T ¼ 1000 K

Linear fit Expon. fit Experimental [25] Wang et al. [19]

aLi aMg aLi aMg aLi aMg aLi aMg

0.1 0.866 0.012 0.885 0.018 0.865 0.012 0.893 0.021

0.2 0.690 0.043 0.746 0.048 0.689 0.043 0.763 0.052

0.3 0.510 0.107 0.591 0.097 0.509 0.107 0.609 0.101

0.4 0.353 0.213 0.432 0.174 0.353 0.213 0.449 0.178

0.5 0.232 0.357 0.287 0.287 0.232 0.356 0.303 0.289

0.6 0.146 0.521 0.172 0.437 0.146 0.521 0.186 0.430

0.7 0.090 0.678 0.093 0.608 0.090 0.679 0.103 0.591

0.8 0.053 0.808 0.046 0.771 0.053 0.808 0.050 0.750

0.9 0.027 0.909 0.019 0.900 0.027 0.908 0.019 0.889

Activities

T ¼ 1300 K T ¼ 1600 K

Linear fit Expon. fit Wang et al. [19] Linear fit Expon. fit Wang et al. [19]

aLi aMg aLi aMg aLi aMg aLi aMg aLi aMg aLi aMg

0.864 0.016 0.888 0.028 0.895 0.028 0.863 0.019 0.890 0.037 0.897 0.034

0.686 0.061 0.757 0.070 0.773 0.066 0.683 0.075 0.765 0.089 0.779 0.077

0.509 0.150 0.614 0.132 0.630 0.122 0.508 0.185 0.630 0.159 0.643 0.137

0.362 0.283 0.469 0.218 0.479 0.202 0.368 0.338 0.493 0.251 0.499 0.219

0.254 0.437 0.332 0.332 0.336 0.312 0.270 0.496 0.364 0.364 0.359 0.328

0.179 0.584 0.217 0.471 0.216 0.448 0.203 0.627 0.250 0.495 0.237 0.460

0.126 0.706 0.129 0.622 0.125 0.600 0.156 0.724 0.157 0.634 0.142 0.607

0.084 0.808 0.068 0.769 0.063 0.752 0.112 0.807 0.087 0.771 0.073 0.754

0.044 0.902 0.028 0.895 0.024 0.888 0.059 0.898 0.037 0.894 0.028 0.888

T ¼ 1900 K T ¼ 2200 K

Linear fit Expon. fit Wang et al. [19] Linear fit Expon. fit Wang et al. [19]

aLi aMg aLi aMg aLi aMg aLi aMg aLi aMg aLi aMg

0.863 0.022 0.892 0.044 0.898 0.039 0.862 0.024 0.893 0.051 0.898 0.042

0.681 0.087 0.771 0.104 0.783 0.085 0.680 0.097 0.775 0.116 0.786 0.092

0.507 0.213 0.642 0.180 0.653 0.148 0.507 0.237 0.651 0.197 0.660 0.157

0.372 0.381 0.512 0.275 0.513 0.232 0.375 0.417 0.525 0.294 0.523 0.241

0.281 0.541 0.387 0.387 0.375 0.339 0.289 0.577 0.405 0.405 0.388 0.347

0.222 0.658 0.275 0.512 0.253 0.468 0.236 0.682 0.294 0.526 0.265 0.474

0.180 0.737 0.179 0.644 0.154 0.611 0.200 0.746 0.197 0.652 0.164 0.614

0.136 0.807 0.103 0.774 0.081 0.755 0.157 0.807 0.116 0.777 0.087 0.756

0.073 0.895 0.044 0.894 0.032 0.888 0.085 0.893 0.051 0.894 0.034 0.888
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Using Eq. (3) in Eq. (13), we get

Sccð0Þ ¼ RT
�� 2L0 þ ð�12x1 þ 6ÞL1 þ

�� 48x21 þ 48x1 � 10
�
L2

þ�� 160x31 þ 240x21 � 108x1 þ 14
�
L3 þ RT

x1ð1� x1Þ
��1 (15)

and ideal value of concentration fluctuations in long-wavelength limit is
Sidccð0Þ ¼ x1x2

The experimental values of Scc(0) can also be calculated using activity
of components of binary liquid alloy [22, 29] as

Sccð0Þ¼ ð1� xiÞai
�
∂ai
∂xi

��1

(16)

Here liquid A-B alloy stands for liquid Li–Mg alloy.
5

3. Results and discussion

The experimental data of enthalpy of mixing and excess entropy of
mixing for liquid Li–Mg alloy [25] were used to optimize the linear
T-dependent interaction parameters of R–K polynomials for excess Gibbs
free energy of mixing using Eqs. (5), (6), and (7). The optimized linear
parameters were then used to obtain exponential T-dependent interac-
tion parameters using Eqs. (8), (9), (10), and (11). The optimized linear
and exponential interaction parameters are presented in Table 1.

The excess Gibbs free energy of mixing (Gxs
M) of the liquid alloy has

been computed at temperatures 1000 K, 1300 K, 1600 K, 1900 K and
2200 K using Eqs. (5) and (9) with the help of the optimized parameters
and listed in Table 2. The values so obtained have been compared with
the available literature and experimental data (Figure 1(a–e)). The values
of Gxs

M computed using the linear parameters of this work are in excellent
agreement with the experimental results. But the values so obtained



Figure 3. Activities of components Li and Mg of the liquid Li–Mg alloy at temperatures (a) 1000 K, (b) 1300 K, (c) 1600 K, (d) 1900 K and (e) 2200 K.
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using exponential parameters slightly deviate from experimental results
[25] and its variation is similar to the work of Wang et al. [19]. The
computed values of Gxs

M using parameters of Cost 507 [20] are much less
than the experimental and the present work results (Figure 1(a)). The
values of Gxs

M obtained using linear parameter of this work decrease
rapidly with the rise in temperature of the system in Mg-rich region
(Figure 1(c), (d)) showing the presence of inverse miscibility gap at
higher temperatures while the values computed using the exponential
parameter changes smoothly at all concentrations. The negative values of
excess Gibbs free energy of mixing using parameters of Wang et al. [19]
increases with the rise in the temperature of the system beyond 1000 K
6

(Figure 1(a)–(e)). This result contradicts with the predictions of other
researchers that the liquid alloys must show ideal behavior with respect
to mixing tendency at elevated temperatures [9, 10, 11]. When the same
physical quantity is computed using the exponential T-dependent inter-
action parameters, it decreases with the rise in temperatures and does not
show any unusual trends or so-called artifacts up to 2200 K.

The enthalpy of mixing (HM) of the liquid Li–Mg alloy has been
computed at 1000 K using Eqs. (7) and (11) with the aid of the expo-
nential T-dependent parameters and listed in Table 3. The theoretical and
experimental values as the function of concentration are in considerable
agreement (Figure 2(a)). ButHM computed using the parameters of Wang



Figure 4. Concentration fluctuations in long-wavelength limit (SCCð0Þ) of the liquid Li–Mg alloy at temperatures (a) 1000 K, (b) 1300 K, (c) 1600 K, (d) 1900 K and (e)
2200 K.
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et al. [19], differ significantly with the results of the present work as well
as experimental values (Figure 2(a)). Further, the enthalpy of mixing
(HM) of the liquid Li–Mg alloy has also been computed at temperatures
1300 K, 1600 K, 1900 K and 2200 K following a similar procedure as
above. The computed negative values of HM gradually decreases with the
increase in the temperature of the system beyond 1000 K (Figure 2(b)).
The present theoretical investigations thus predict that the compound
forming tendency of the considered system gradually decreases with the
rise in its temperatures. These findings further support the results pre-
dicted by the excess free energy of mixing in the previous section of the
work and are in accordance with other researchers [21, 22, 23, 24] too.
These results correspond to the reliability and fruitfulness of exponential
T-dependent optimized parameters of this work.
7

Activities of the components Li and Mg of the system have been
computed using optimized parameters in Eq. (12) and listed in Table 4 in
the above-mentioned temperature range. The values so computed using
the exponential parameters of this work and parameters of Wang et al.
are in a good agreement and show negative deviations from ideal values
(Raoult's law) at 1000 K (Figure 3 (a)). Moreover, both the experimental
values and values calculated using exponential parameters are in well
harmonic. When the temperature of the liquid alloy is gradually
increased, the activities calculated using exponential parameters gradu-
ally move toward ideal value revealing the decrease in the mixing ten-
dency (Figure 3(a)–(e)). These predictions further support the results of
excess free energy of mixing and enthalpy of mixing presented in the
earlier sections of the work. The activity of Mg calculated using linear T-



Table 5. Concentration fluctuations in long-wavelength limit (Scc(0)) of liquid Li–Mg alloy at temperatures 1000 K, 1300 K, 1600 K, 1900 K and 2200 K.

XMg Concentration fluctuations in long-wavelength limit (Scc(0))

T ¼ 1000 K T ¼ 1300 K T ¼ 1600 K

Linear fit Expon. fit Experimental [25] Wang et al. [19] Linear fit Expon. fit Wang et al. [19] Linear fit Expon. fit Wang et al. [19]

0.1 0.0535 0.0688 0.0533 0.0762 0.0524 0.0725 0.0798 0.0517 0.0752 0.0822

0.2 0.0751 0.1005 0.0749 0.1064 0.0743 0.1095 0.1157 0.0738 0.1166 0.1224

0.3 0.0891 0.1112 0.0894 0.1142 0.0927 0.1260 0.1267 0.0951 0.1378 0.1360

0.4 0.1010 0.1115 0.1016 0.1147 0.1142 0.1311 0.1279 0.1244 0.1466 0.1379

0.5 0.1130 0.1087 0.1124 0.1135 0.1414 0.1305 0.1259 0.1677 0.1481 0.1352

0.6 0.1262 0.1063 0.1271 0.1118 0.1724 0.1276 0.1223 0.2235 0.1445 0.1300

0.7 0.1393 0.1056 0.1385 0.1085 0.1922 0.1226 0.1161 0.2520 0.1358 0.1215

0.8 0.1420 0.1037 0.1421 0.0991 0.1692 0.1113 0.1029 0.1923 0.1176 0.1055

0.9 0.1005 0.0818 0.1006 0.0712 0.0947 0.0786 0.0716 0.0913 0.0783 0.0718

Concentration fluctuations in long-wavelength limit (Scc(0))

T ¼ 1900 K T ¼ 2200 K

Linear fit Expon. fit Wang et al. [19] Linear fit Expon. fit Wang et al. [19]

0.0513 0.0772 0.0839 0.0510 0.0789 0.0852

0.0735 0.1223 0.1275 0.0733 0.1271 0.1315

0.0969 0.1474 0.1432 0.0982 0.1552 0.1489

0.1324 0.1592 0.1456 0.1390 0.1696 0.1518

0.1922 0.1621 0.1424 0.2150 0.1736 0.1481

0.2803 0.1580 0.1359 0.3440 0.1688 0.1405

0.3202 0.1462 0.1255 0.3987 0.1545 0.1285

0.2120 0.1229 0.1073 0.2291 0.1274 0.1087

0.0892 0.0789 0.0720 0.0877 0.0790 0.0721
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dependent parameters exceeds the ideal value at higher temperatures
beyond 1000 K indicating the presence of unusual trend
(Figure 4(b)–(e)). These unusual trends, however, have been removed
considering the exponential T-dependent parameters. Hence, it can be
stated that at higher temperatures, the thermodynamic functions depend
exponentially on temperature rather than linear.

In structural properties, concentration fluctuations in long-
wavelength limit (Scc(0)) has been established as an important tool to
study and explain the hetero or homo-coordinating nature of the liquid
alloys. At a given concentration and temperature, if SCCð0Þ < SidCCð0Þ, then
it indicates the hetero-coordinating or ordering nature and if SCCð0Þ >
SidCCð0Þ, then it corresponds to the homo-coordinating or segregating
nature of the liquid system. The theoretical, ideal and observed values of
SCCð0Þ at 1000 K have been computed using optimized parameters in Eqs.
(14), (15) and (16) and depicted in Table 5. Both the computed values of
SCCð0Þ using the exponential T-dependent parameters are in reasonable
agreement and less than the ideal value indicating the ordering nature of
the system at 1000 K (Figure 4(a)). But the values computed using linear
T-dependent parameters exceeds ideal values in the concentration range
xMg > 0:9 indicating the segregating tendency of the alloy (Figure 4(a))
and can be termed as unusual trend. Likewise, Singh et al. [30] had
revealed the appearance of the narrow miscibility gap in the liquid phase
of Li–Mg alloy in region of 18–30 at % of Li at 830 K. They had further
calculated Scc(0) from data of neutron diffraction measurement at 695 K,
830 K and 887 K by using quasi-chemical expression (exponential pa-
rameters) in which no miscibility gap was found to appear which sup-
ports the findings of this work.

The theoretical values of SCCð0Þ have been computed at higher tem-
peratures in the range 1300–2200 K employing the similar procedure as
discussed above (Figure 4(b)–(e)). At higher temperatures, the values
computed using linear parameters exceed ideal value but those computed
using exponential parameters are found to be less than ideal values at all
concentrations. These findings further correspond that the thermody-
namic functions depend exponentially on temperature at higher tem-
peratures. Additionally, the computed values of SCCð0Þ using the
8

exponential parameters gradually move towards ideal values with an
increase in temperature of the alloy supporting the results predicted by
thermodynamic functions.

4. Conclusions

The theoretical investigation predicts the appearance of artifacts in
the thermodynamic and structural properties of liquid Li–Mg alloy at
higher temperatures when the parameters are assumed to be linear T-
dependent. When the same thermodynamic and structural properties are
calculated using exponential T-dependent parameters, the above dis-
crepancies have been removed. Therefore, it can be concluded that at
higher temperatures, the interaction parameters depend exponentially on
temperature for liquid alloys. Moreover, the thermodynamic and struc-
tural properties of the preferred liquid alloy show ideal mixing tendency
at higher temperatures.
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