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G EAG Iz W RS P TR AR E T,
Ta BIFE LA ST T a-Ta fafk Bl SR TT7EZE
KUURREZE T, WELE] BCC M7 Ta HR I,
[R] At & BRI 0277 (face-centered cubic, FCO)
FEFA VO A B AH L RE S AE SR IR A% D10 e,
XT 42 )@ Ta Wi MRS Th IR AR, 8 &8 FCC
75 %4 (hexagonal-close packed, HCP) A [
AP AFAE U, S — P B 2 F3F-3) 1% (molecular
dynamic, MD) 481 1515 FRUEBIFE Ta A HRH
[ # BCC 5 A15 AH Z [H) £ 7E AR 58 1) 55 4 .
2014 4F, 488 BURH —FiEls BCC & @ 785
B B S R RAS T B A SR, HR )
MR EAH] T 101 K /sl

1952 4F, Frank!'7 i SE 42 4 Jm AR vh K
B 1A (icosahedron, ICO) 454 2 B4 IE #
AE&a, M fE iR i A8 . Kelton 45 181 38 3o 5
SHUEB] T Ti-Zre-Ni 28 ¥ WA ICO kb A4
HIAEAE 218 RIE A RE 22, Schenk 45 9] 3 i Hp Y
SPECEUEMITE 3 Fhali A JE (B BRANES ) AR AT
R0 2] — A AR A AR . SR, 1 2 A A B X
TS5 SR IAREA T ICO & AR H A
1f 10%2021, FLZ AR R 5 G vp F EROM S5 1 AN
J& 1CO. filln, 78 Ni-P &4, EZMHRORES 1A
Archimedean St A% 2223 1 Frank-Kasper [4]
e AL BRI, ICO %54 > SRAE 43 T8 W A4 a8 [ A
o 1) 2 EEOLZE A I A EA i k.

R RIS 2 A i A I R A
(G JBPLHS) WA SRR 3R 220, 5 3ok 16 K5,
AT AR 4 SR AR T R e 5, T g
M 4 JaB VR 1) 45 Fp B PE . Liw 55 2728 3l i MD
UERL T 5B X 428 Ta MUHRAS T RE | milvRE: A
PP 5 B R R ) Katagiri 58 P iz H 547
X HHEFN ab intio MD #F5E T 4 )@ Ta IRAKTE
JIZAE T RN ST RBE R TR, (X PR TAEAR
RARGF W] 428 Ta MARTEA ] R 5m 454FN AT
WLLEFEE AR AR i JLAF, ASPREE B0 52 24 1
b HE (TCP) W%, IER T TCP M%) 121
TaJEEVR WA . & RBEME k. TCP
7 FR AN [0 A W T S R 8, A R B Ay
AR — RS, 1T ICO B RES T —
NICE. N T %8 TCP A FE X BE [E AR 852 0 R
H, A SCHIFH MD B4R 5T 48 Ta MAKFEA A
BT (P = 0—50 GPa) #1713 BUEK B fg sk &E

AR, R AP S RE R | XU A bR RO g
R M P 263 058 1] 2o o ) R WL 205 o 1 7 R A T 7
vixiie

2 MBI
2.1 1ERNE
43 F 8 1 2R R LAMMPS 2 7 £, B4

(large-scale atomic/molecular massively parallel
simulator, LAMMPS). 7EME4EL 2 R FH AT 4%
s SFRAF R R L) (isothermal-isobaric ensemble,
NPT FE5)., At S0, JPR a2l
1 fs. SR H] Sheng %8 & B FR T Ta [ A JR T
PREL (embedded atom method, EAM) (3 bk £ i
17 DL g3k B9T). 3% EAM # o B08 18 56— S Y
48 Ta H e R (potential-energy surface,
PES) Mights, HERr=Car:

Utotal = Z B(rij) + ZF(M), (1)

n; = ZP(%‘) (2)

7E (1) 201 (2) K, (i), plrig) A1 F(ni)
3 R R S L far 5 B R A PR TEIULG &R
Ta 1) EAM #eRE, %8 TiZcRir 2,
Fhanis s 15 RS R 45 G RE IR GAS L A
J1% b TR AR BEAR | WA EE R TR O ) 2 1 It
. CAVFZWE5E TAE 1030339 I 1% 3 sRATE
T 5 J8 Ta WA 4 2 S5 7 T EL A R AP R
B, Jf HARe R ar S e 43 J@ Ta MUAHAE SRR, AL,
AR BT AT T ARG IE T i 3 R =5 TR
T AR BT

2.2 ITEEAE

ek 10000 4> Ta J7 7 FEPLA — 207
&, R R IR B N 4000 K (i
Ta B SR T, = 3290 KUO4) | JRFEFUR 8 1Y
JEi# (0—50 GPa) T #E47T 3 ns (1Y 45 it it & 1245,
DA RGN RE R IR R, BES, #F ik
58 T AR — ¥ 203 1x 102 K/s ¥4 )8 Ta K
PREEEER 2 100 K. FEEERES R, i H Nosé-Hoover
H {E#% 14 F1 Parrienello-Rahman 2 ¥ 491 43 51| 5k
P L R . R R R P AR 1 Kd SRR T
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A bR RIS BE D) K 2R G O RE B, IR AR A BN TR
1 TXT XEH, DT e 2204

R AR RS E

k5% K s #E A FE 7387 (largest standard
cluster analysis, LaSCA )B0-3237 J7 3 pHr a1~ i
TR E5 1, LaSCA Jrik B o zis l TH )7
FIJC PR 2 1 SR 45 K o A i 4n, 32 ] LaSCA
J7 6T LUAAESE L 0 BT 1(a), (f) BRIk E5HY . 7¢
K 1(a) o, BCC KI#EH— e 5 FE 14 4
IERBIEFALL, AEIX 15 D ET P A RAE W A 5
THYBEE /N T 45 € ROETEE S v, WA SX A I
TS, TR 1(a) AT, Z0E R G R
T (Thr5: 9665) 5 R AT BT BT RELH
HARXTJFF (root pair, RP); HRX}JRF 5 A7 i 4R
JiiF (common near neighbors, CNN) BEF4 B AEA
4B FH#% (common neighbor sub-cluster, CNS),
P 1(b) LT (B LG T (TR 0665) 5
R H P —MEAR T (36 BT hRS: 5676)
L a A AT AR I (BT b5 239l - 7573,
6656, 1019 F1 9915) 44 KL CNS (WL 1A 1(b)), Hrh
A ANHATIE IR CNN (JLE 1(c)).

7E LaSCA J7 v, CNS #i b &4 a] L2k
Sijk A8 BORFATHER (HF S Bk 20, [HAFE R
HA ), Horb i 3n AT I 2B 5% (nf&l 1(c)
PR A NIRRT, § RN I AR TR AL
A AR E (A& 1(c) Foor 4 34 T 4R IR

2.3

CNN

CNS
(a) (b)

444 (c)

T U UARE ), b R e X e i e i
KB (WA 1(c) 2 4 MREHIE i K 58
) R E AU 4). Rk, & 1(b) H iS5 #4 vT
444 K FoR (Horfr SPLZME ). AEAE ] — i K bR
H#% (largest standard cluster, LaSC) H, 4t it
CNS 9 S 80 H 4 45 T 4B i F S 48, LaSCA
7 ¥ BEAE UL B 40 BT 1 1A 9 R 5 A AR £ T A
J5. (multiple bonded point, MBP) #1134 i1 48 ¥
i (common-neighbor-subring, CNSR), 4317 7E
MBP % /fil CNSR, W58 2 A6 BRIW HE 3R
fF17E MBP #1 CNSR 4 1k, LaSCA ML #I5 1 I
SCHK [30-32,37). SR A7 0l DI iR R R e
— A 5 L [ AR TR 22 (] Y S5 R 5 &
m, 7EE 1(a) 1, 14 APEAR IR T 5 oo R AL
i) LaSC A 6718 0 [6/444, 8/666], H.i% HIFEA 4
E—5ERM BCC HIFE. 5 BCC MMiAH L, 1t
BCC H #% th — A4~ BCC il i 1A 0 J5 1 (O
Bl 1(a) Ry JiT) . 5 8 NS T (6 b
Kl 1(a) TR 8 NS5 — 4B R ) AL <81
6 ML AL T (R 1(a) HR Y 6 K
TIRARIET) AR

IR —A~ 5% H A5 444, 555 Fil 666 —Ff
CNS HHZFRAEAT LA [ny/444, ns/555, ng/666] H
R (H ny, ng M ong 20 9 7R 444, 555 Fl 666
PIAEL), [RIEHRE R B A 20y + ns = 12 I HE
Kong > 00 < ny < 6, WLAKA & LA TCP
AT, il Ae B 1(f) R R 12 4> 555 il

N
S

qqﬁ‘v"l‘ ‘;sn

\C

K1  BCC % —2 TCP BRI INGH  (a) H0JEF455 24 9655 19 BCC i KARME A £ (b) AR XS 5 F (B35 : 9655 &5
5676) 5 4 4~ LA AT 48 IR T 44 A AT I 48 T FTFE 444; () I (b) R AN ISR IR T IR N (), (o) MBI AR () Y
o5 — I T AR FIFE 666 F1 6 LA T B IE T AR FNAS R (f) 0 BT AR S 9875 19 TCP s RARHER AR ; (g), (i) 43 5 Fom
P (£) P S AL 48T AT 555 1 666; (h), (5) 73BT (g) A (1) H LA S4B IR T i i b 45 1

Fig. 1. Topology of BCC and one kind of TCP clusters: (a) A BCC LaSC with a central atom (9655); (b) a CNS of 444 composed of
an interconnected root pair (9655 and 5676) and 4 CNNs; (c) the topology of 4 CNNs in panel (b); (d), (e) another CNS of 666 and
the topology of 6 CNNs respectively; (f) a TCP LaSC with a central atom (9875); (g), (i) another two CNS of 555 and 666 respect-
ively; (h), (j) the topology of CNNs in panel (g) and (i) respectively.
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24~ 666 2L, Ho ny = 0, ng> 0 Hi 2 2n, +
n, = 12, ILHAIFE A TCP HfE. #E—2MEE 1(f),
Al R AT i) ot R (R FAR5: 9875) 5 KT
AL BAHABIY 3 UL AR AR RELL A — 1~ DU i A%, RS
A A e DU T AR T A, L A e MR
JEAR = 9 A%

WEAFOUT, AR —Fh A B s i
AR T HI . LaSCA ke R G h A —
AR SR 4, PR e O R ] LSS LaSC
KRHAT A4, IANIE 1(a) PR @GR T (bR
51 9655) 5t A L g 44 o BCC i+ [F] 3 HCP,
FCC, ICO Hil TCP % LaSC Y H.O B T3 AT L 43
Maw44 4 HCP JBi¥- . FCC J5i¥. ICO J51#1 TCP
JEF. MG R G452 LaSC Y H 4 b & A,
HFEEHR LS LaSC U TR A /T L.

3 HERGWI
3.1 kRUERNLRE

BRSPS RERA L (energy-tem-
perature, E-T) 17284k AT L2 W I e [ 3of 7 vh
RGEFAVEFRN AR L. — BB T, B 1R A R
i, E-T #hRAh 3R & A W (ks X Rk &R ]
Rk A, B/ 2 J@R T 10 FhR[A] H s T %8 & i
PR A RGP RE AL 3. 76K 2(a)
H, MTESRN 0, 5, 7.5, 8.75 GPa iif, RG R T
PR ER R AR iR LA Ak, (HFE 1500—1800 K
BT, kiR AR AR, X RIEX
R T RELD T AEMEEAE, X5 Zhong 55 16
I MD B AT SE 4 8 Ta WA e bR 58 [ 72

(a) —— 0 GPa
PR —— 5 GPa 0 GPa
T _7o9l - 175GPa R
g —— 8.75 GPa 5 GPa
5 -T3r
S —74f
< 8.75 GPa
B —7.5F
o
=
S —T76}
£ -7t
=}
g -78¢f
&
—T79¢+F
—8.0L 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000

T/K

Hg R R ARIREE T, 50 1650 K 45 Re—
) (BRI SCHK [16] B Extended Data Fig. 6). £
& 2(b) H, MR 9.375, 10, 20, 30, 40, 50 GPa
B, RGO F g A A=A (WU,
R RAET —GAHE, BIGEWAR KA T il 1o,
M 9.375 GPa #] 50 GPa, fhALIRIRE T, 5 5
Jy 1640, 1990, 2585, 2657, 2956, 3204 K, f§hik 4k
WIREE T, 439 A 1545, 1907, 2556, 2629, 2925,
3178 K(ULIK 2(b)), T, 1 T, Ff bt 1 548 4 184 K17 T
X EHERATEE T P = 9.375 GPa tf, JKikf
T4 Bk f .

WAK 43 75 AL (pair distribution function,
PDF or g(r)) Silad X S$FATH S50 R 15 1 4544
[AF (structure factor, S(q)) H. A B AR 4. 18
TEWEE g(r) 5% S(q) MLk BTRHR NG ) A5 Bl 30 35
HyAR Ak, AT IR0 W 4 T WA E B [ i B b e 42
AR fAEH il —BAEBL T, A g(r) 32 S(q) Hh
LRAFEAE AT LA DAF FIr: il 5 3 ALY
F i, K B TR ST WA, iR o(r) 5%
S(q) M5 2 W B2, SRUTE LAk A,
R g(r) 3L S(q) MEAREZIRBLN HIR/INA—FER
U, R T fhiA.

Kl 3(a) BT 78 8 A 0 GPa B ¥ [ 5 72
HS(q) MIZRAYTE AR B, 7E 1500—300 K 6 Fl N,
S(q) MZR4s 2 £k (42 A < ¢ < 5.6 A) W
A3, H AT 5E AU s B AR | A R
MARAE, X RIATESL R T 48 Ta WA Ik
A, 7E 300 K i), A S8l 1Y S(q) 5 MD
PITRR S(q) TR 2P FI5 S5 — W7
R AR G AR AT (DLIE] 3(a) W £ 1 2 AV [

—70}®)

—— 9.375 GPa
—o— 10 GPa
—7.2F—— 20 GPa
—— 30 GPa
74|40 GPa
—— 50 GPa 10 GPa, Ty =
9.375 GPa, T, = 1640 K
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“
R

20 GPa, T, = 2585 K
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—7.6F
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—8.0fa
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Fig. 2. Average atomic potential energy of system dependence of the temperature under different pressure.
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—— Present simulation
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0
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1P K WW

1300k l\\_/\/\f/\/"\/\/\/\/\/—f\
10 5000 (\_/\/\J/\/\/\/-\/J\/ﬁ
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g(r)

2500 K
513000 K
3500 K

04000K/\_/\—/—~
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
’I‘/A

|

B3 S(q) F g(r) i 28 B IR EE 1 3828 56 &R
g(r) I £ 56 JES 3R A 78 G 3R

14r1) P=5GPa

g(r)

!

roN

v i,

\ [anaNy]

( '

1500 K \ /I W

4 2000 K p

2500 K
3000 K

3500 K
4000 K

7?7

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
r/A

70
(d) T=100K

60
50 GPa

50F 40 GPa

4OQJ\‘_/\J\_,¥/\\/\/\_,J\,\A_3)O\S@\/\

20 GPa

10 GPa
20 9.375 GPa
N T 8.75 GPa
1 v v

10 4/\%_,_\'# 7.5 GPa
0 M 0 GPa

T L e e
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
r/A

g(r)

30

(a) 0 GPa T 1Y S(g) H1Z; (b), (c) 5 GPa fl 30 GPa Y g(r) #14%; (d) 100 K A

Fig. 3. S(¢) and ¢(r) curves as a function of temperature: (a) S(g) curves under 0 GPa; (b), (c) the g(r) curves under 5 GPa and

30 GPa respectively; (d) g(r) curves dependence of pressure at 100 K.

DIPRS00 ), 33 BH R FH 1) 34 R B RE 8
T Al AR S B0 AR B Y IR G AL

T IE R, E 3(b), () [R5 GPa Al
30 GPa FHERE R g(r) MZLMEAS, & 3(d)
A TR RS T 100 K B g(r) BiZk. A 3(b)
ATLAIER S, 78 5 GPa FRyBER SRS, g(r) th4k
(SR 1 U 320 7 388 i T AR AR SR B TETRLE T
1500 K B}, 55 2 We 7 b5 th B0 7 24 8% (WLIE 3(b)
R RE LR IR 1) ; BEE TR A ARSI, 5 2 F20i%
FEFE 4 F WA R A AR R BE K, 7E 100 K
BFER 2 W L VE B T UL, X S5 AR S S R
(1 g(r) BRI HRRIE—3, FWIFE 5 GPa JESR T~ 4
J& Ta WAL E G P AL T IEMZ Ta. & 3(c)
JE/RT 30 GPa FEEREIFE o(r) HhZERY IR, 1
2500 K F1 3000 K iREE T, g(r) MhZ Wm0 Y
2£5¢, 2500 K B0 T VR 2B /NG Bl 4 1 B
REAIR, 3 B 400 /)N e 1 v BE R T3 K T £
A4 /NI 2 LA SRR g(r) 4R ELA B S5 A RRAE

P 3(c) fPE— /R T Ta 7E 30 GPa R
100 K WA g(r) Mk S5trifE BCC @ik Ta 3L
(W EGLR) XT L, KITEMRER (r < 10 A)
M, BCC Ak Ta B3k 5 100 K T 1Y g(r) fiZk
FIIEAEFEN B T REAR AP X1, X FEWIFE 30 GPa
JEiR T 42 )8 Ta WAKPSEEE ST T BCC dnik
Ta. & 3(d) &7 TAHFENEEE (T = 100 K) {HAH]
JER T g(r) th4k, ZEHR5R Pe [0, 8.75) GPa IX[H]
W, g(r) thgk (W 3(d) i FIAY 4 4cMhZk) e 1
W B P e, S 2 AT B I Y A 24 R B LR SR
fIX, 20T . 55 3 RS 4 WA I R AR,
FEWIHE LM s B8R DX 1) P B 258 17 S 2 Al A AR T
TEJE Pe[9.375, 50] GPa X[AIPN, g(r) HZE B
R 20 m AR — S R /NE, BE 5 I K,
X BB Y /)M U e AT — RE R RIS R, 1
T R 58 DX 1) 1) Foe 28 R B [T 7 B i k. [ 3 3%
HH e 5 6} e 28 [ = i 25 A AR g e, LR
kLI A R R TE 8.75—9.375 GPa Z[i).
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3.2 HFIELFAK (CNS) o

XA AT PR EL R 20 1 B 4 i 2k v W A e ¢
L [ e R E AR AR, (AN BB AN S0 I 2
Wb IE 7 HES 1) Ji - an o] 2 A8 B R A P HES T Y
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F. LaSCA iy i 48+ M7 (CNS) & —
PO ANAN B 3 M 07, HA4 B4 LaSC BAEHRA
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Fig. 4. Percentage of CNS dependence of temperature: (a) 5 GPa; (b) 30 GPa.

216101-6


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

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 21 (2024) 216101
80F oGPa BN 433 B 544 BN 555 (a) 357 (b) 666 W 444
5 GPa - 8.75 GPa
70 F 7.5 GPa 8.75 GPa 30 | 7.5 GPa
5.72 5 GPa
o 60} c 25}
= L
) D 20l
T 40t k|
S S 15}
£ ol :
20l 10 +
10} 51
0 0 \ \ \
2.0 F9.375 GPa 10 GPa B 433 (C) 110 -(d) Bl 666 W 444
1.8+ e L8 I 544 100 [9-375 GPa10 GPa 20 GPa 30 GPa 40 GPa 50 GPa
161 Il 555 90 [
e ’ 30 GPa e
L L4y 20 GPa  [ORE) & 8or
B 40 GPx s 7ol
o0 1.2 F 9 o o0
P LGE 1.19 0.19 50 GPa P
T 1.0 [ 0.5 u . = 60r
3 0.21 S 50l
S 08} =
Q‘j 0.77 0.48 0.44 gqj 40
061 : 30}
O~4 § . 0.76 20 -
0.2 R N 0.3 M 0.41 10}
0 0
5 RS H 100 K B CNS A 8 &5 B (a), (c) 555, 544 F1 433; (b), (d) 444 F1 666

Fig. 5. At 100 K, the distribution figure for the percentage of the CNS under different pressure: (a),

(b), (d) 444 and 666.
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Fig. 6. Percentage of several main LaSCs as a function tem-
perature: (a) 5 GPa; (b) 30 GPa; (c) evolution and compar-
ison of the percentage of BCC crystal clusters during the

Kl 7 JES® 5 GPa il 30 GPa i, (a) TCP 1% #il BCC
3% B 4 bS5 R i OE &R, LA (b) TCP J5F #il BCC J&
TR FHARE SRR LR

Fig. 7. (a) Percentage of TCP and BCC LaSC dependence

solidification process under pressure Pe [9.375, 50] GPa.
of temperature; (b) the average atomic potential energy of

TCP and BCC atoms dependence of temperature. The pres-
ﬁﬂ@ 7(b) F)]"/ji\‘, EE?& ﬁ‘:’ 5 GPa #1 30 GPa sure is 5 GPa and 30 GPa.

i, TOP J5F 9T 5 R IRl R 4 i o

J5 GPabf, TCP AT ihmppge o4 SETRKDN

et/ NS IF H s AR AR A RS (W Fl 8 HWLE/R T 3R 5 GPa il 30 GPa 4%
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e (LA 0‘“_. (0

P =30 GPa, T'=2653 K

8 WEZIRFET TCP JE A BCC JF 11 = 4k =3 [d] 43 i [

T BCC BT

P=5 GPa, T=100 K

]

(h)
Y/,

\:‘:;'. P b ee®e0 e

R

N

P=30 GPa, T=100 K

P=30 GPa, T=2627 K

(a)—(d) 5 GPa; (e)—(h) 30 GPa; [t Ji 71L& TCP R F, i

Fig. 8. Snapshots of the samples at selected temperatures for TCP and BCC atoms: (a)-(d) 5 GPa; (e)—(h) 30 GPa. Colour config-
uration: white and blue balls represent TCP and BCC atoms, respectively.
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W IE R T). B IR RREAR, 172 TCP Bl
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FIRJAH L 25 A8 2 Bl AR AR T O B B, X Sy
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Abstract

The main microstructures in metallic liquids (or supercooled liquids) play a decisive role in determining the
final solidification pathway (crystallization or amorphization). However, what kind of microstructure plays a
critical role is constantly explored and studied by scholars. Some of previous theoretical and experimental
studies have suggested that icosahedron (ICO) clusters (or ICO short-range order) in metallic liquids possess
lower energy than their corresponding crystals, and high abundance of ICO clusters can increase the nucleation
barriers and promote amorphous transformation. Current research results indicate that the content of various
clusters (especially ICO clusters) in many metallic liquids is relatively low. Therefore, it is significant to identify
which microstructure plays a critical role in metallic liquids.

In this work, the rapid solidification processes of tantalum (Ta) metallic liquid under various pressure
conditions are investigated by using molecular dynamic (MD) simulation, and the microstructure evolutions in

different solidification processes are quantitatively analyzed through the average atomic energy, pair
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distribution function, and largest standard cluster analysis (LaSCA). The results show that, compared with the
cluster with low content of ICO, topologically close-packed (TCP) clusters are not only more abundant but also
play a more decisive role in determining the solidification path of Ta metallic liquids. At a pressure PE |0, 8.75]
GPa, the TCP clusters in Ta metallic liquid not only exhibit low energy and a highly stable state, but also are
highly interconnected with each other and resist decomposition, thereby promoting the amorphous
transformation of the Ta metallic liquid. At pressure PE [9.375, 50] GPa, the TCP clusters in Ta metallic liquid
are in a metastable state, many TCP clusters with high energy state can easily transform into other clusters in
the liquid-solid transition process. In this stage, nucleation and growth of the body-centered cubic (BCC)
embryo occur mainly in areas where TCP clusters are stacked sparsely, eventually Ta metallic liquid forms a
perfect BCC crystal .

Keywords: Ta metallic liquid, molecular dynamics, rapid solidification, microstructure
PACS: 61.43.j, 61.43.Dq, 61.82.Bg DOI: 10.7498/aps.73.20241089
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