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Abstract: The correction of transition data and reassessment of the parameters of Gibbs energy of elemental Mg were
performed with the least-square method and the results agree more accurately with JANAF data than those of SGTE
database. At the same time, the lattice stability parameters obtained by CALPHAD method in SGTE database were
extrapolated to 0 K, and these results were compared with those of total energy plane wave pseudopotential method in
first principles. It is found that the result of first principles agrees completely with that of SGTE, AG™ P> AG™ %> (),
Besides, it is found that the results of lattice constants and atomic volumes of hcp-, fcc- and bee-Mg calculated by total
energy plane wave pseudopotential method are much larger than experimental data and those of projector augmented
wave method in first principles. The contrary case occurs in total energy. And part of s state electrons in atoms were
changed into p state electrons in crystals to form stronger chemical bonding.
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Table 1 Transition data of elemental Mg

Parameter Mg
Hags 15~ Ho/(kJ-mol ") 4998
Shog.15/(Jmol K 32.671
Trans/K 923
AvansH/(KJ-mol ) 8477
AyansS/(Imol K1) 9.194
AugansC,/(Jmol K™ 2.071
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Table 2 Reassessed functions of Gibbs energy of SGTE

database of elemental Mg

Data for Mg in form of G—Hggr

HCP_A3

—7 245.22+176.314 T-26.179 6
TIn(T)+4.769 17X 10~* 7°-1.392
55X 107° 7°+78 831.8 T

—4530.11+228.191 T-34.309
TIn(T)+1.035 51 X 10% 17°

298.15 K<T<923 K

923 K<T<1366.104 K

LIQUID

~7519.05+195.048 T-26.179 6
TIn(7)+4.7691 7X 10~ 1°—
1.392 55X 10°° °+78 831.8 T !

~7.996 85X 102 17
—4 317.13+246.371 T-34.309
Tn(T)
Data relative to HCP_A3

LIQUID
8202.243-8.836 93 T—
8.0176X1072 717
8 690.316-9.392 159 T
1.0382%x10% 7°

298.15 K<T<923 K

923 K<T<1366.104 K

298.15 K<T<923 K

923 K < T<<1366.104 K

BCC_A2
3100-2.1 T 298.15 K<T<1 366.104 K
FCC_Al

2600-0.9 T 298.15 K<T<1 366.104 K
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Table 3
between reassessment calculations in this work, SGTE database
and JANAF data

Comparison of isobaric heat capacity of Mg metals

C,/(J’K "mol ™) Error/%
T/K
JANAF SGTE Thiswork SGTE  This work
298.15 24.869 24.862 24864 —0.0281 —0.0201
300 24.897 24.892 24.894 —-0.0201 —0.0120
350  25.568 25.580 25.582 0.046 9 0.054 8
400  26.144 26.147  26.150 0.0115 0.022 9
450  26.668 26.661 26.664 —0.0262 —0.0150
500  27.171 27.158 27.161 —0.0478 —0.03638
600  28.184 28.174 28.177 —-0.0355 —0.0248
700  29.279 29.280 29.284  0.00342 0.0171
800  30.507 30.513  30.518 0.0197 0.036 0
900  31.895 31.889 31.894 -0.0188 —0.003 14
923 32.238 32.227 32232 -0.0341 —0.0186
923 34.309 34.308 8 34.309 —0.000 583 0
1000 34.309 34308 8 34.309 —0.000 583 0
1100 34.309 34.308 8 34.309 —0.000 583 0
1200 34.309 34.308 8 34.309 —0.000 583 0
1300 34309 343088 34.309 —0.000 583 0
1366.104 34.309 34.308 8 34.309 —0.000 583 0
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Fig.2 Lattice stability parameters extrapolated to 0 K of

elemental Mg in this work
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F4  hep- fee-Flibee-Mg 0 KIFTERTE k% & BOFN R 1~ 4R
Table 4 Theoretical lattice constants of hep-, fec- and bee-Mg
at0 K

Structure
Property
hep fee bee
a/107' nm 3.230 4.543 3.596
cla 1.603 - -
V710~ nm’ 23.388 23.436 23.245
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Table 5 Total energy and cohesive energy of hcp-, fcc- and

bce-Mg at 0 K
Energy Structure
eV Atom hep fee bee
Eow  —973.1574 -974.590 8 —974.5825 —974.567 6
E onesive 0 1.433 4 14251 1.4102
2.0
@ ;
i —hep
1.6+ i - fec
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2
5 1.2
3
w
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273 T IS A B ELE3@). s T4 &5 Y
(LE3(b)) pASHLT A & BELEI3(C))s hep-Mglf 4y
B E3() fee-Mg 4 2 5 B (WL 1E 3(e))

bee-Mgl1) 73 2% BE(WLIEI3())-

223

0.30
(b)
— hep
--- fce

bee

0.25F

DOS, electrons/eV
(=
vy

0 , s 5T .
0 5 10 1 20 25
Energy/eV

1.6

b

DOS, electrons/eV
(=1
oo

0.4

20

= =
=) oo
. .
1}
H
o

=
=N
T

DOS, electrons/eV

Energy/eV

Fig.3 Sum of partial density of state(a), partial density of s state(b), partial density of p state(c) of hep-, fce-, bee-Mg and density of

state of hep-Mg(d), fec-Mg(e), bee- Mg(f)
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Table 6 Atomic populations of hep-, fec- and bee-Mg

Atomic populations, electrons/atom

State
Atom hep fce bee
s 2 0.89 091 0.88
p 6 7.11 7.09 7.12

3 AL

3.1 Gibbsgt5REIRESH

e 3 MBI LU0 TR VPG (19 25 A A £ 923
K CARIA) 10 AN S 7 A s (5 L SGTE Bk
ff, MG 6 N S YL SGTE K, VHligh
SR B LG SGTE 45 i JANAF ifs, [R5
K o

RS AR S I AT Gibbs fig, A2
MM A R e, W48 Mg s, A fee-
Hl bee-Mg A% hep-Mg ) Gibbs fiE %5(G—G™P) bt it /&%
A K ZR o T AT 0 K K% AR ) 8,
BEIF, ME Gibbs figE XAT
G-G"P =H -H" Uy -U"P (20)

[AlIH, AT LLKS Saunders, B CALPHAD J5i£4MfES 0K
(1) 45 B 5 58— D BELE REST- 1% M 3 (CASTEP) LA J #
SN T IR (VASPYI 5 R TR LL, I T ge o
TSI MR E VPN 7 v S T Al S (1) B — I ik
ZTE A B B — IR B [ B ANIR] i 2 T 22 0 (G—G™P)
g Jxt bk 7 prsi.

7 hep-+ fee-Flbee-Mg OK Ik A8 e S8
Table7 Lattice stability parameters of hcp-, fce- and bee-Mg
at0 K

(G—G")/(kJ-mol ")

Method
hep fee bee
CASTEP 0 0.80 2.24
VASPZ4 0 1.22 2.59
SGTE data™ 0 2.60 3.10
Saunders!” 0 2.60 3.10

EHRTA AT 1) LA ESE— U 045 20 1 dh Ak A2
&S HEE F 5 CALPHAD 7 v — 8, B4R 7 34947
AG™MP > AGRIP >0, 2) Fi RN — 5 R
¥ B8 € 2 B4 R 14 B CALPHAD J7 7%, BV SGTE il
Saunders 145 B /)y,  Hbeedh 22 A 2N, fec

A SE R E s 3) 55— JRFICASTEP 7543 £
fecFbecHH ¥ ks e e S 4045 I LLVASP I ki ; 4)
e 4R 75 12159 3 (1 bee AH XS T fee A (1) Gibbs [ Hi BE
AG* K 144, 1.37. 0.50410.50 kJ/mol, i Py Fl
B RBT L L, (H 5 CALPHAD k45 1 2%
VIS

32 MIEEFEFAR

RV T 4 JEMg i BN a1 AR 2 — i 24t
BT THI 4 S SRR PR 28 % 7 v UA e SEBE AR 6 EL
o

8F G

8 hep- fee-Flbee-Mg OK K s 5 HORN R T AR

Table 8 Lattice constants and atomic volumes of hcp-, fec-

and bce-Mg at 0 K

Structure /10 'nm V/107°nm®  Method
hep  3.230 (c/a=1.603, ¢=5.178)  23.388  CASTEP
hep  3.189 (¢/a=1.621, ¢=5.169)  22.764  VASPP¥
hep 3209 (c/a=1.624 ¢=5.211) 23238  Exp.[*”
fee 4,543 23.436  CASTEP
fce 4516 23.025  VASP™Y
bee 3.596 23.245  CASTEP
bee 3.571 22769  VASP?Y

ST 1) % T hep-Mg, 55U P 1T
U AT Y (CASTER) U1 i s s B LU
JHE(VASPYHISL R AT EEN, (WL c/a] B4/ 2)
55— 5B R T T I 95 77 V514 B T hep- + fec-
Fibee-Mgl1)J AR S I2 ki K, BIfhep-Mglt#littc/a
B/ ARBOR IR i Ba 98 S ECH R B KR 7

33 BEEFNLERE

BB MR MRS, diGResi EEMH
HIR T S H AR BERSRR DR E, b T E
TR, RILL A R T A S H A0 L A RE R 45
A REM S T S 2

RN EARB I SO M ESHE, 58
— JE HR BT T AT Y (CASTEP) T 1K) 5 i (45
A BE) 2N I L B GO 712 (V ASP) FH S 56 {1 # E
/N R ORI R AR 45 A I

34 BEEFHIEBRFLIEL
HE3@)~C) M MSEE, sHBEE, phA%

FERIRTLERD: BrA s 7 B8 R RI0£-10 eV
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Table 9 Total energy and cohesive energy of hcp-, fcc- and
bce-Mg at 0 K

Structure Total energy/eV Cohesive Method
energy/eV
hep —1.433 4 1.433 4 CASTEP
hep -1.4796 1.479 6 VASPP4
hep -1.5100 1.5100 Ref[31]
fee -1.4251 14251 CASTEP
fec -1.4670 1.467 0 VASPP4
bee -1.4102 1.4102 CASTEP
bee -1.4528 1.452 8 VASPE4

XIH, Z5a3 6 MEERM, Hy s AT O p
A, HMmAER 3R 0 £-10 eV XEHILT p
AHTF.

B 3(d)~(OE—2E %} 0 £-10 eV X Al A5 5 3k
ITTAEE. di53K 6 SR T%1: 1) hep-Mg(d)s A HL
TR B A% DX TR AR A3 T AR (B e 4 D7 T AR)
4 0.89, fee-Mg(e)Al bee-Mg(HF143 %14 0.91 F10.88,
Hor bee-Mg B TH 1124 s S THA N p &
¥, U HEH®RZ, hep-Mg IRZ, fece-Mg #/b;
2) M Fermi [HTAM'E A, hep-Mg(d)AbT A%
WERRA T, T BAREIRAT, RN
MR EAHRFAE, foc-Mg(e)dh TI82%, bee-Mg(HibT—
ARG ], GRS, RS G BERR(E S
BEVPTI L I, bee T fanE, Xnlfgs L AT D
) s BHETFAK; 3) ERACHEEIXH, &% DOS
(KA DOS(s)>DOS(p), s AHL T IIARZHILR, it
AR TR, BmRe X AR, p AETF
Y EER .

1) FEHTUPAN IR 45 S T 08 1) JANAF(E VURR)
AGE

2) e\ RS T VRS B A% R e S R
5 CALPHAD JjikAMES IR UL AR — R B4
WG R 48, HIAG™ P> AG >0,

3) RBE T E A A H A 2 hep-+ fec-Al
bee-Mg IR &S T BORN Il 1A RIS LU BE% 88 I i
K AHT B BELa xS (45 A fig) L e 8ok 77 ik
YN

4) hep-+ fee-Fllbee-Mg T s LT3 K9 Jig
SHATEN0FR-10 eVIX ], FHY—MoMsSET O

WEip AT, Hrr, bee-Mgl#4b# H 5%, hep-Mg
W2, fee-Mghi/b;

5) &% LA R R hep MARE S5 K, fecHbee A
FRE SR, Haert 54 Rt — R W fec 4 # Lbee
TERRIE, AR REEURLE Re 4 R nT LA 70 58 PR E B
MBS RS EE ST
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