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Vacancy Formation During Solidification of Metal Ag
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Abstract The kinetics and defect trapping at the solid-liquid interface of simple metal Ag during the solidification
process are investigated by molecular dynamics simulation. It is found that there exists a certain characteristic value
(T ") for the interfacial temperature of metal Ag at which the growth rate reaches a maximum value. Meanwhile,
the vacancy defects are predominant in the solidification process of liquids. The calculation results show that there
exists a linear relationship between defect concentration and interfacial temperature. The defect concentration
gradually increases with the decrease of interfacial temperature, and a transition occurs near this characteristic
temperature. In addition, the defect concentration is found to be dependent on growth velocity. Above the
characteristic temperature (T >T "), the defect concentration almost linearly depends on the growth velocity, and
both are independent on orientations. In contrast, below the characteristic temperature (T <<T " ), an obvious
anisotropy occurs along the (100) and (110) orientations, indicating that the defect trapping is associated with the
growth mechanism transition.

Key words materials; defect trapping; vacancy; solid-liquid interface; interfacial temperature; growth mechanism
OCIS codes 160.3900; 160.3710; 160.4236; 160.6990

Al o PR P ROW S A B RIS Hor, Al Jm T

=

DR TEA R R R R 3 R T A

AR AN C )T N T AR R R [ A R B ARR R SRR A B AT AR

Y PR TARZAMEM B . MREAMBE AR, B 2> Ea i\ﬁkﬁa%%’%ﬁlﬁﬁﬁﬁffﬁ

REBEPLAET |, — 7 N 48 E A 2 L, 140 Zheng S5 & 3 NiAl 05 &K RESS

IRV S LR e U e By R 1 Pp O N K (AN T PR e I R A e I %H%M@U‘a 77 A2, Kramer

Wfm HE: 2018-07-24; 1EE HHA: 2018-07-25; KA BHI. 2018-08-02
HETH . MK B0 B RBHEIF I H (ZKZD18002) 3% MM Fe 2R 45 1 B 35 & 3£ 4 (5009/135030009)
" E-mail: zhanghy@ yzu.edu.cn

021603-1



Wt 5ot T o R

G & AR Zr, Cu [8 40 23 72 b A B BE R
Yang 252 K B Lennard-Jones M & &K R P A
W BRI G SR B0 J5T [8] A 2o i v e g 7 35 144 A
RAFFELAR D, X ] G P o B 5T e s HA 25 o L
Bl Y o G50 o B o . SR b B Y R A 4 AR
A BLIR LA R B T AR R A A R BE AR AR S A
JE B A AR R R A 5 AR OGS AR O A T HL AR A AT
AE-55 T 3 g 2 A2 A HIL R LA B WL &5 48 A7 8 10 6
Ao HETHOE RS2 0 AR KL 32 P, —
SNV IR E T TR A9 BGJ (Broughton-Gilmer-
Jacksor) BEAUL 5 Ah— i 2 YR ¥ T BE R T
(1) W-F (Wilson-FrenkeD) #2740 {1 3% F F ff A
T EE B A KAL) B 1S AR A 1 T — PR, 3
Jo 4 Ja 1) Bk B 17 2R 55 5K T o 2 A ATL T A B 7 2 A AH
KT B — PRI . TR AR I 0 OB AL 455 B s ok 3 X
[ A5 R (0 A R ke B 47 30 10 5 00

ARSCHESE T B B4 IR Ag [ T 7E [ A6
BT SR . 45 R kB, Ag [ WA T [ AR 0 AR
o A 2 X — PP SRS . T3 AN R B BRI S
AR AR K, ZF TN IR E T 505 m T
K AR TE DRI Ve U BE TR A7 ARG R 0 4% 1) Sk Gt v
AR R S AR ERE AT=T,—T,%
B BNy AT <<0.6T,, Jp/hid % i B, BBk
AT<C0.9T, Jg/Nid Vel B L e Z W IR v i) .
2 WEIET Ik
21 SFHAFELAT

FIT A 5358l 3 2 AU R P R RO 1/ 3 1 1Y
KHBE I AT 5 (LAMMPS) 72 5 40,31 5, i ] 25 K
UM 1 ™, R Z 9 7R BE AN 58 A Nose-Hoover #4
BT Parrinello-Rahman JE I8P #2281, & R &
SR E EFE 100 kPa, 4 )8 Ag W A AR H T
Foils 481 [ Z i A 34 (8 B EAM #0) , 3 Ff
POz T AR E A g

by ST A AL L e AN TR IR B X
JO7 P RS 5, T T [ A7 A R Ay D0 R E
3] Ag (AP AR E Y T, =1170 K, 5
Ashkenazy 2555 45 B — %% B HL Ag 1.0 37 )5 (FCO)
(100) FTCL10) 3 A AR i K A < T 1) S 7 o 9~ £ 1
oz ARG ) 2 T A A LR E Y o
Ay ABBRAHP-AT T [ 5 1T 3 A A Bl O 1) #R >R H
ST A (PBO) o W PR UERCADIAS SR iy m] 1, 1A
R R A=L, XL O Hl = Jr B L. #BRBEK,
(7] B Ay PRI 45 SR 2 A T A D0 fefT 2 T 8 7 e A R i

TFHOHTF] RS RN (1000 J7 [0 &R HL PBC #8 i
B 12X 12 X 76 4K R JE T4 N 80640, (110) J7 Ii]
PBC B M ZH0Ch 8 X 12X 84, 5 75k 75264,

&8 Ag(100) F1(110) J5 ] (1 P A B0 {2 4t ST
J& 7E NVE F Z5 CRIGIUE W3R £5) VR K i [a] #4425
. AL AR R R AR T R ROT- A LR T B R R
32 O 25 TV PR A P A ZE IR ) 2R 3R Bl R R AR
ST EL PR RES ANl ST A R A R B, S
AR s s IR R e T<<T, W44 IR k47
NPZAT Z 25 (ISR 55 R R 25O B4, e 445 B Fa 7 1Y
R ILAEIA 2R, T NPZAT 2 25 B 7E 45 10 45 1R 2R 45
AT TR o Ay Oy R B R R AR TR
EUT RV = 7 ) JE S B SNy 2E AR A
22 BREBIREITERZE

JIT VA Bk B e B R AR A R b s 6 B
. b TSRS G, R Zheng 57 BT 0 J7
B AE B SS A E R fe R B (SD) 7 g AR K
HH T it AR R AR kB T R SO, Bl R TR B il
(4 JR A e /IME . 280 3R KOS Y Rt R B 45 F EAR
1) R AR SRS ST B 32 AR KOS T T B G
B B Bl T A A S i g RN E . SRS 4
BIMAEEASFAT T A1 0 AT 12 AR R A
55 S BR R B A 2R S R R L AR )
FEASTRLEE T 1) R R B L B

N,— N,
PI= TN

AN, R AR AR BT 8G N, A A2 52 PR R
T SEBRIGHREE .
23 REBREMITE

AR5 1A Xt G 2 31 Y A T ) A 1 A7 [ Ak AR L 7
A KA I A rh L 8 ] Nose-Hoover #4925 517 I B2
Fa il o 30 DA R A FR AT R OR SO TR R . EAE
3k A A A S A A 0L e i v A B 1 AT B S
2 F0 0 A 5 e R R AR R A R E LB R OF
i ARAE ST AT SR AEAEAR R B B .l T Rk
(R B A A R I L SE IR B 7 DR b 250 0 3 B T Ak
MR . TR T (o) AR a3+ 55 55 i B e 7
-2 8BE K. (o) RV BEARAT I, il Rom oy

K.(2) m 1 aE )
T =100 T3k, L‘,LyAz,o(z)<;rvi>’

X 100% , (D

(2)
K m STk B IR 2K 2 W B A SRR
o2 7 I AR R o O AT T DA T 2R
BE v, Bt BFZIAEF (2 — Az /2) F (2 + A2 /2) Z 18]

021603-2



Wt 5ot T o R

(0 T 5 p (o) o B 1 B J 7 L, ML,
O R BT e Ay D7 R B LT BT A iR
JE A R 3 i (2) A4S B g B i SR EE L i AR
P e P o LA R

3 ARSI

K1 & 25 NVE #2254 J5 /Y [ P AH
- S 45 A PR B DL AR B IS 22 MDD (Molecular
Dynamics Simulation) £ 8 [# 1k ) 97 45 25 14, &
A 25 HY [ YA A T B 30T 3 0 D AR AR PR R

K 2 AT A E T Ag(100) J5 [ Fl(110)
J7 ) i AR A L B 4 A i 2R (100) J7 1)
ST AR R S BN G R At &g (110) Ty
Tia) S5 T A R R R B A R B AR O R B 2 R
WY A5 /N ik Vo U RE T B T R A TR R A R 2
PEXC R, B 518D il B AN T R AT, A R B 52 34 n
B Fe AR, I B OF R Y B TR B 8 SR R AR IR
T B i S X R RRAE IR EE T . B 2 Ag(100)
J5 T R C110) J7 1) R AR R E 4 3 29 08 945 K
1830 K,

@ 30 [mmra
2 20 [
S
) . ;, PO e U o .
S -\qc N %’ -»'\ ‘a4 1;: :.. 3 o™ !
~ et G el - e a9 -
X m e A E I e ML . S L Y e
N Priqu A A A w e wre s w B WAl -
N o i e R R~ I - .
v & e e e dm ke s e ol RN & -
O S e B e m e oW W B & .
- o e -t M A i :I va W e e
v Joe Tom Ko oA N e e an ol we e
.o ok ok MR, @ W W e A wet e - ..
- . N, Ll A L S e o s
_10 » wd e Toe  lme, e R e, % 4. o P
0 10 20
/(107 m)
50 |-
E; 40 &
- : X o TN ]
S AT il i B i
S 3L at e Al el L3y
e e ® o o 3w w2
< ':'_\.:""-..:-:; ¥ m:.
N iy e My - awt -
20 f.~q\..‘.u -~ ~..‘- ‘.-.-
a - - - R Bl
“Q-““..". -"-...:OO .v‘
- o™ ™ R ~
. e At -
10 L e L e, PN 2 N
-20 -1 20

2 /(1071 m)

FT Ag [EW L AF M F F T BT 4% 3 21 — 26 i A AR AR LT PR . () (100D J5 1] 5 (b) (110D J7 [i]

Fig. 1 Atomic coordinate snapshot of Ag solid-liquid coexisting system projected onto a two-dimensional plane.
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