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Molecular dynamics calculation of Al grain boundary
energy based on modified spherical bicrystal model
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Abstract: The sphere bicrystal model for calculating the energy of an arbitrary grain boundary (GB) was corrected by
deleting unreasonable atoms located at the boundary. This model was then applied to calculate the energies of three
categories of GBs in Al to validate the modification, and used to investigate the dependencies of GB energy on GB
parameters. The results for the (011) symmetrical tilt grain boundaries show that, compared to the original model, the
modified model can obtain a more stable GB structure and a lower energy, which agrees better with that obtained by the
block bicrystal model. The calculations for the (001) twist GBs and (011) asymmetric tilt GBs reveal a positive
dependency of GB energy on misorientation angle and boundary inclination angle, respectively. The analysis results for
these three types of GBs indicate that there is no specific relation between GB energy and coincidence factor. It is thus
impossible to predict the relative GB energy values based solely on the coincidence factor.

Key words: grain boundary; grain boundary energy; numerical simulation; molecular dynamics; coincidence site lattice

PR G2 )R 2 AT R AHAS BRI A S, st SRS IR 5 22 5 AN S A A R, Hor 3
(GB) M KL AR A M I A oy sededli AR PIARAR SRLIRN IR 22, 59 /N3 il 5t

EE&WHE: HEARRAREE R (51271204); EHEKE SFERHT TR R THRI 2 B35 H (2012CB619500)
Yeks HER: 2015-04-09; f&iTHHA: 2015-07-02
BIEMES: 298, 9%, ML, Hib: 0731-88876621; E-mail: saiyi@csu.edu.cn



25 45 11

WIS, & SR TEIEROEXGRBI KSR Al SR T 15 3061

T o i S R A 5 L2 A g A G 1 D e of
HA SRS S e, A7 IR ST B A 1 B
I AEED O 4l SR RERT. S LREAE N b AL R R 2
=, SEMAE ADRL T A SRR OSSR R ) 2 2
Ax, HET RN R 2 R RE O R, A
KA ARG 8 R AL LS S A S HUH BT 9T —
FUE M BRI S S A
FRREIT, e el B2 BIMDRLAl LA S S HORS LS5 1)
FEE R, HATOOGRTS T M H ) e A R
READ Z5 L1 S ST A AR, 3 5 H i RS T
W22 IR RN, ERE LI T WA R %A S
IR RE R, RS R TN A B B SRR R T B

AR, BEAETHENBRE AR R, 50T
B I REVE ST VR B RGA,  IRT RUE R
FUAR T RE S ) SR BRI T A AT B TR
FAREAE: HAeMRE A SEIIE R — il itk
PRI R, SRS R G I ) i 3k Jid 1 R 1)
FEAER, IR0 BT R 4 ML/ RERHA 5
BT MREE PR T, AT A I
RE I i RE . TR U A R IR A T B
FE JE I 2 S (R BUlR (Block) 455 L RN % B8 Al 391 i
FHIFER Y (Sphere) 5 o HURAI 55 CRAE &b S 10 Y PRI AS
3 ) FRIABE IR RS 5 R D - A (10 ) B0 PR AL G
0 AT B R S5 X s AR BTGV AL o BT
PL, IR 2 g N SRR R I ) (R T S, W
A7 IR T AR AR i ST AL i 0220 Sy T w iR
AR S BRE, LEE 252 Wg T BRI AR . 0
SR AR W 3 S (B B R, vl SEIRAT R AR A
pn AR ER,  BROBAR LA AN [ HJm) it hoL (1)
W o B A S G A, SR v A it Ak
() JR P AHBE A LA S, WA TR 3 (1) oy b
RS EOWARZS, KRR SRR s T ER . X T
SESHE T, A KRR G, A,
(S AP ON = E L I A PI Rt st (N 5=
o e R B AR I 45 R 1T LU Y B b S S 00T #0811
FEERy, FET RGP I RE A e
Bt AL B2 5 ] ON 5 N B A RN B i S Ak
AEBIET, BeWS MURIIAG dh a5 . DA ERIE
RN A SR IR MR R, TEVEA R AN S B 4R
R SR RO TH 4 R o

A SAEF AL FEARBR G X B VLl 5]
N CAEHCRASE R oA i 0y 3 F 0 B 1 I B ke 1
IEJRIGERER, I CLe)E AL (011X RRAUR} i S
(STGB) M, XJLbar#r R AR ER BRI B IE BRI ALY
PR P I) Sh AL B8, 26 58 I 1IN B4R VR X s 5t

REISEM o [FIIE, FHAE TERBCR N H T A001)FTL4% i 5t
(TWGB) M1 1) X FRATR} i 5 (ATGB) ) 4 L e 1
AR, DA I i) 2 A7 0 S THABUARE £ 6T it AL RE D5
Ba, T R 3 KRBT AR, BRSNS
ERVAPSERIOE PR

1 RE57%

AR LAMMPS #A4 R4 1 i L RE T S A
P 1 TR N ER AR R A IR R s e
Yo, IESHRR FE—D BN D MEEYIG
FOGRCRESD 1), IR IR o g EAT
EFE 5y SIS 2 FL i A R B, AF S AT 245 € AIH R 22
KFRg=gp g5 s I, WEERE R I 7 05 K
A FU B HI SRS SE A AR RN EER, R B AS R ek
FERRRL AR B 5o, K AVRT B NI 2,
RN ERIEREES D)o 76 0 K R RF 8GRI
AT e/ MES TR, GG R RIS REE A E
I Eye HIT 85 5 0 3R T S - P HE A SV AAR IR, —
BT BAT (MR T g nA AR, BreL, AR T8
M, X ATHA AN E N A R, RIEA
RE yo M
_E-5

S
A S FMPBS=nD? /4).

HT P 1 R, RO SR AR B T
XA O SRR R, W] BBAE i FLAR A7 AE AR PE I /T
HESMAT. NYBAEE, XA T

Yo (D

Sample II

Sample [

o\ 4

Crystal A Crystal B Crystal A" Crystal B’

1 AT RS TR BRI Wb A A i i A s
Fig. 1 Schematic diagram showing construction of spherical

bicrystal with an arbitrary GB



3062 PR € <5 R A AR

20154 11 H

SEBE AR S AL R o BOTRARRL [ B F PR3
B, IESRANG B AR 2 B0 A A h b TR AR
AP, ML S SR T E, RIS
Bekr T ILER . Pk, WA EM R LR, L
RIS 1) b A5

AT S HEHOIR D 45 o ) D7 I B e 2
M BRA A B R T, FERIE AN R 4G o a5 4 LA
RIS & BB T SRR A6 o 238 LR R
ST — I R ) B () VR 31 i PR A AN B £ Ji 1
XFERTRIEEZIN T d, IR AR JRF)s SR MR i %
AT R — A RRER TG54, Pl U d, DUREUA
) FRIBT A6 T G5 HE) 35z Ji 1 58 B R 2 11 i T R O I
AR AR T RE R ISR N 45 8 S B0 I g5 e TR
AL T G54 Ja,  db A BRAR R B v D ) ) e
VA BE B N2ay /2 (ao R AR . o T SR
AR E R, A O AT 822 MR BCAS 7] 1)
I1UG A T AR, ARBEFLAE 0.005a0 £ 0.7a0 2 18] LA
0.005a0 A SR UGEE d, EE . Jerp, T d 2t Ak
(TR /N T d IR S0 T dtoks. AR BY RIS J 7
AN [R] DSR4 70 e o 1 28] 8 A A [ P S 6 0
DA, G IR AR s HE b n AL 3 o 2 BOH R (R 4
Bl A AR R B 2X(0.7-0.005)/0.005=278 . WAk,
177 BT R84 (X R B o P D1 S O
FHAE, 50U EA A5 R SO I Re AN PR
Eyo BRI, SRR 1) BB A R IR T B N RT3
JEFHARE e MFRFL. DML, FIFE IEBLRL BT A i 5 5
[ A BE g A h
E} — Ne,

S (2)

Ya =

A B G N T I ERERAE J5 XU O e
LEVHRREEE € S8 S BE RN 200 Tk 278 Fif
HITUR i T 56 TR I (8 X0 A A 2 BEAT e 18 d /MG it
B, IR Q)T N e R . o, Bei AT
AN LA S EC T R A RE, NS5 4 42 )R]
RS G, AI4E SRS SRS o
AWFRAHE I ERBEELZ T &)E Al W
(011)STGBs. (011)ATGBs FI{001)TWGBs 3 2§ 7t
XL S N IR HR 1) 22 £1(6) it S T R S () A EE
REPR ) IR 1o Friags X A8 (1) B AR 2 D=10 nm.
5 AT AR B E i N SR T ORI R )
RES A EAE ]y, JER I SEHeRh B A T R R g

%
/MU .

F 1 ARBEGCP ST LRI 2 A A SR A AR
(AR
Table 1 List of misorientation angle, inclination angle and

coincidence factor of GBs considered in this work
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Fig. 2 Variation of energy of (011) STGBs with

misorientation angle calculated using original sphere model (y,),

modified sphere model (y4) and block model (y,,)
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Fig. 3 Initial configurations generated before (a) and after (b)
deletion of unreasonable atoms in sphere model for 109.47°
(011) STGB (Misorientation axis is perpendicular to plane of
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misorientation angle, calculated using modified sphere model
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