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Abstract

Molecular dynamic simulations are applied to study the temperature and pressure dependences
of self-diffusion coefficient, viscosity and pair correlation entropy of the liquid Fe, Mo, Ta, W, Ni
and Cu under high temperature and high pressure conditions. Our results suggest that the tem-
perature dependences of self-diffusion coefficients and viscosity are well described by the Arrhe-
nius law at given pressure and that the activation energy increases with increasing pressure. In
particular, we find that the entropy-scaling laws proposed by Rosenfeld for self-diffusion coeffi-
cients and viscosity still hold well for the liquid metals under high temperature and pressure con-
ditions. Using the entropy-scaling laws, we can obtain transport properties that are difficult to
measure from the structural properties (the pair distribution functions or structural factor) which
are easier to measure.
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Table 1. Comparison of the self-diffusion coefficient (D), viscosity (r) and activation energy Ep and E, with experiments
and other calculations

=1L AXHERSINESREERNBT AR D MERY » IR BUBIERE LAKEERIEHE E, SX R AISLINE I
REIATEERFEEE

Expt. Other calculations Present
DI(10°° P 5.7 [19], 6.0 [20] (251 GPa, 6000K)  5.85 (250 GPa, 6000 K)
Fe 8+ 3 [20] (251 GPa, 6000 K) 10.91 (250 GPa, 6000 K)
nl(mPa-s) 6.65+03 [21] (141 GPa, 5000K)  7.02 (150 GPa, 5000 K)
p(mPass)  5.0+05 [22] [23] (0 GPa, 2896 K) 7.70 (0GP, 2900 K)
Mo EJ(EV) 0.586 [22], 0.757 [23] (0 GPa) 0.567 (0 GPa)
yl(mPas) 8.8 23], 8.5 [24] (0 GPa, 3293 K) 7.07 (0GPa, 3300K)
T EJ(eV) 0.815 [24], 2.211 [23] (0 GPa) 0.564 (0 GPa)
pl(mPa:s) 8.5+ 0.9 [23] (0 GPa, 3695 K) 11.19 (0 GPa, 4230 K)
W EJ(eV) 1.26 +0.25 [23] (0 GPa) 0.758
D10 mPs Y 3.8 [25] (0 GPa, 1795 K) 4.4 [26] (0 GPa, 1850 K) 3.54 (0 GPa, 1443 K)
N pl(mPa:s) 3.6-5.5 [26] (0 GPa) 3.18 (0 GPa, 1501 K)
DI(10°° mPs ) 45525[[2277]](?O%Ppaéilfszfo'% 5.12 (0 GPa, 1600 K)
Cu  (mPas) 4.03 [28] (0 GPa, 1356 K) 4.07 1], 420 [1] (0 GPa, 1356 K) 4.16 (0 GPa, 1300 K)
Eol(eV) 0.337 [27] (0 GPa) 0.382 (0 GPa)

Table 2. Viscosity of liquid metals Fe, Mo, Ta, W, Ni #1 Cuat different pressures of the self-diffusion coefficient (D), vis-
cosity (i) and activation energy Ep and E,
2 2. EEBEEREIEA Few Moy Taw W, Ni 1 Cu M7EAR[EE R TR B BUSIE#E Ep MEBUERE E,

Fe Mo Ta w Ni Cu
Pressure
(GPa) Ep £, Ep 5, Ep E, Ep E, Ep £, Ep E,
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)
0 0.913 0.567 0.939 0.564 1.220 0.758 0.387 0.219 0.376 0.221
20 0971  0.615 0989 0597 0.528  0.278
40 1.145 0.695 1.114 0.677 0.693 0.354
50 0.516  0.280 1.154  0.705 1142 0714 1647 0976 0.688 0.386
60 0.822  0.450
80 0.896  0.490
100 0.789  0.453 2.053 1.334 1014 0565  0.985 0.576
150 1.013 0.578
200 1.194  0.667 2.562 1.619 1.249 0.704
250 1.364 0.774
300 1530  0.916 2.772 1.683 1.553 0.888
350 1.682 1.018
400 3.044 1.714 1.793 1.06
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Figure 1. The Arrhenius plots for the self-diffusion coefficients of liquid metals (Fe:
black; Mo: red; Ta: blue; W: dark yellow; Ni: wine; Cu: olive) at different pressures
(0 GPa: m; 20 GPa:e; 40 GPa: A; 50 GPa: V¥; 60 GPa: 4; 80 GPa: «; 100 GPa: »;

150 GPa: o; 200 GPa: o; 250 GPa: A; 300 GPa: V; 350 GPa: < and 400 GPa:
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Figure 2. The Arrhenius plots for the viscosity of liquid metals (Fe: black; Mo: red; Ta:
blue; W: dark yellow; Ni: wine; Cu: olive) at different pressures (0 GPa: m; 20 GPa: e; 40
GPa: A; 50 GPa: ¥; 60 GPa: @; 80 GPa: «; 100 GPa: »; 150 GPa: o; 200 GPa: o; 250
GPa: /\; 300 GPa: V; 350 GPa: < and 400 GPa:
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Figure 3. The temperature dependences of the pair correlation entropy S, of liquid metals
(Fe: black; Mo: red; Ta: blue; W: dark yellow; Ni: wine; Cu: olive) at different pressures (0
GPa: m; 20 GPa: e; 40 GPa: A; 50 GPa: V; 60 GPa: ; 80 GPa: «; 100 GPa: »; 150
GPa: o; 200 GPa: o; 250 GPa: A\; 300 GPa: V; 350 GPa: <> and 400 GPa: <.
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Figure 4. The pair correlation entropy S, dependence of the reduced diffusion coefficients
of liquid metals (Fe: black; Mo: red; Ta: blue; W: dark yellow; Ni: wine; Cu: olive) at
different pressures (0 GPa: m; 20 GPa: ®; 40 GPa: A; 50 GPa: V¥; 60 GPa: 4; 80 GPa: «;
100 GPa: »; 150 GPa: o; 200 GPa: o; 250 GPa: /\; 300 GPa: V; 350 GPa: < and 400
GPa: <. The solid lines, the best fit to the data, represent the present scaling law of equation
given in the figure.
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Figure 5. The pair correlation entropy S, dependence of the reduced viscosity of liquid
metals (Fe: black; Mo: red; Ta: blue; W: dark yellow; Ni: wine; Cu: olive) at different
pressures (0 GPa: m; 20 GPa:e; 40 GPa: A; 50 GPa: V¥; 60 GPa: 4; 80 GPa: «; 100 GPa:
»; 150 GPa: 0; 200 GPa: o; 250 GPa: A\; 300 GPa: V; 350 GPa: < and 400 GPa: <J. The
solid lines, the best fit to the data, represent the present scaling law of equation given in the
figure
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