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Fig. 1. Schematic diagram of the workflow for calculating
electrical conductivity and electronic thermal conductivity
using the TREX code (based on the Kubo-Greenwood for-
mula and AIMD simulations). The red dashed box indic-
ates the core functions of the TREX code (including equi-
librium configuration extraction, electronic transport prop-
erty calculations, etc.). The blue boxes represent calcula-
tions related to first-principles software (such as ab initio
molecular dynamics, electronic structure, and transition

matrices).
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Fig. 2. Schematic diagram of the supercell structure of
AZ31B alloy with 512 atoms. Blue atoms represent mag-

nesium, and red atoms represent aluminum.
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Fig. 3. (a) Comparison between the calculated electrical conductivity of magnesium single crystal and the experimental values, with

the vertical dotted line indicating the melting temperature of magnesium under ambient pressure; (b) the comparison between the

calculated electrical conductivity of AZ31B alloy and the experimental values, where the black (red, blue) legend represents the ex-

perimental and calculated results at 0 GPa (40, 50 GPa).
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Table 1.  Fitting formula for the electron relaxa-

tion time 7 (unit: 10 s) as a function of temperat-

ure T'is given by 7= AT™" .

g IE#/GPa BEA BMr R
Mg 0 1306.36 1.12 0.9999
AZ31B 0 52.54 0.58 0.9976
AZ31B 40 230.74 0.76 0.9953
AZ31B 50 182.05 0.73 0.9993
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Fig. 4. (a) Composition of various contributions to the thermal conductivity of magnesium; (b) the composition of different contri-

butions to the thermal conductivity of AZ31B alloy, where solid lines and solid symbols (dashed lines and hollow symbols) repres-

ent the calculated results at 0 GPa (40 GPa). Here, ETC denotes the electronic thermal conductivity, LTC represents the lattice

thermal conductivity, and TTC stands for the total thermal conductivity.

127102-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025)

127102

T AL, DTS h HE B i E 2Ok R, B
A 2% SO 8 B R R Y, T HX TR B R
FEAR —, X AR AE B AR5 R Y L BEL S i EE T
K, T P 5 R B L, B SR B R R T
T 1431,

UM, SRT RS ARILT AZ31B &
£ EIT . E 5(b) Ui, FEIREEE R 300—
400 K N, SCU 151 AZ31B &4 S Z L P4
FEAAR, MRS, TR TR T HATRM
TS AT R A R A BN, 7E 400—500 K
TEEVEIPY, SCU TR AZ31B #3% 5 ATAC
F1 Procast SEE K () AR b AN —2L, P2z

250

(a) Experiment:
o Ho et al.i(1972)142]
Simulation:
T 200 v KG
X — BTE
T \k-k'.
o
E 150+ 00 00 00 op Pk
g
>
£ 100 By
2 -
v
© oo
923
50 L . . \
300 600 900 1200
T/K
Simulation: ® KG (0 GPa) —— BTE (0 GPa)

% KG (40 GPa) BTE (40 GPa)

250
(b) Experiment:
<& ATAC (0 GPa)
¥V Procast database (0 GPa)
~ 200 F 0 SCU (~0 GPa)
| O SCU (~40 GPa)
X
T
g 150 & 0 g..---""
g
> ol v
Q
£ 100f . 8 v ¥V '%
¥
5 %
@ o
50 . .
300 400 500 600 700 800
T/K

K5 (a) BEHBUIA S RIFH GRS LB E X L, B A
LFRBEE R IR AT RIE LR (b) AZ31IB & &S
R EE RS RN LA, RA (LL6) E RS 0 GPa
(40 GPa) IS5 F 5 25 5, 40 60 fE 28 R /m X 40 GPa 3¢
WA R LA

Fig. 5. (a) A comparison between the calculated and experi-
mental values of thermal conductivity for pure magnesium,
with the vertical dotted line indicating the melting temper-
ature of magnesium under ambient pressure; (b) a compar-
ison between the calculated and experimental values of
thermal conductivity for AZ31B alloy, where black (red)
symbols represent the experimental and computational res-
ults at 0 GPa (40 GPa), and the red dashed line denotes
the linear fit to the experimental data at 40 GPa.
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SPECIAL TOPIC—Atomic, molecular and materials properties data
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Abstract

Metallic materials are widely used in the industrial field due to their excellent electrical transport
properties and superior thermal dissipation performance. However, experimental measurements of electrical and
thermal conductivity under high-temperature and high-pressure conditions are challenging and costly. This
makes numerical simulation an efficient alternative solution. In this study, we develop a computational software
named TREX (TRansport at EXtremes). It is based on the Kubo-Greenwood (KG) formula combined with
first-principles molecular dynamics. This software is used to calculate electrical conductivity and electronic
thermal conductivity. Using magnesium and magnesium-aluminum alloy AZ31B as research subjects, we
systematically investigate their electrical and thermal transport properties. The temperature and pressure are in
a range of 300-1200 K and 0-50 GPa, respectively. The method involves using first-principles molecular
dynamics simulations to obtain equilibrium configurations of high-temperature disordered structures. Electrical

conductivity and electronic thermal conductivity are calculated using the KG formula. Lattice thermal
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conductivity is determined by the Slack equation. To validate the reliability of our approach, we perform
comparative calculations by using the Boltzmann transport equation. The research results are cross-verified
with experimental data from Sichuan University and the Aerospace Materials Test and Analysis Center. The
findings demonstrate that the maximum relative error between computational and experimental results is
within 20%. This confirms the accuracy of our method. Additionally, we elucidate the variation patterns of
electrical and thermal conductivity in magnesium and AZ31B alloy with temperature and pressure. These
patterns include the reduction in electrical conductivity due to aluminum doping, the significant enhancement
of conductivity under high pressure, and the unique temperature-induced thermal conductivity enhancement in
AZ31B alloy. The TREX program developed in this study and the established performance dataset provide
essential tools and data support. They are useful for research on electrical and thermal transport mechanisms in
metallic materials under extreme conditions, and also for engineering applications. All the data presented in this
paper are openly available at https://www.doi.org/10.57760/sciencedb.j00213.00128.

Keywords: Kubo-Greenwood, magnesium and AZ31B alloy, electrical conductivity, thermal conductivity
PACS: 71.15.Mb, 72.15.Eb DOI: 10.7498/aps.74.20250352
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