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Abstract

In this study, the energies of <110> symmetrical tilt grain boundaries (GBs) and twist GBs were
calculated using the sphere-bicrystal molecular dynamics model, and the correlation between GB
energy and coincidence of neighboring lattices on both sides of GB was investigated based on the
calculated energy results. The energy difference between coincidence site lattice (CSL) GBs and
non-CSL GBs does not show any visible tendency, these two kinds of GB will have quite close ener-
gies when their crystallographic parameters are nearly the same. This indicates that the relative
magnitude of GB energy is irrelevant to whether neighboring lattices are coincident or not. For
CSL GBs, no correlation is observed between their energies and the coincidence index (X) corres-
ponding to them, i.e., being unable to predict the relative magnitude of GB energy based on X.
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1. 3l

i SE RN Z RO 2B, BT R A L R = R . B, AT AL
TR G S AT LA (B0 B AR R RE[L]. R VE N A AR . —, A A . R
KUK 5 G AR A LR, FEXAR 125 BRI 2 M R = A EELRZ I [1] [2]. 1949 4,
Read A1 Shockley [3]4:T fn A MM ES M BOX — 45 i, HEFH S ARSI ZMR KRN, BELW
Read-Shockley A3, MIfi 58—k DAERG LG RE T SR RE I & etk o SR1T, 12 SR B A 4 R 1)
FHEAER, BRI A& T B s B A B/ B . AR, BEE R R R, RS
B NTF UG AE B 23 - 80) 3 240 56 825 R I it R 25 B e AR MR PR S5 (R AT B2 B3 S e [4] [5] [6]

SERER IR i A0 AT AE 75 B2 5 A BHBE, b 3 N3 AH 408 R 18] F B 1) 22 (i FH AR o T U ROR)
55 2 AN b S I HURI [7]. RHEHCR ZE A KA, ADRE R TR /N A R e SRR A B R s AR A
TS5 A ZE R LR OE R, R SR BRI HER A DARTRA R s RARAH A0 dfohr s B
Eim A E B A M E S, K & 55 8 5 47 55 FE (Coincidence-site lattice, CSL) & Fit A1k 5 47 s B
(non-CSL) & AL [7]. AW AR, NAERA— B A E R ARG ERMGER[4], BAREREEE
JER -5 5 s T THD P i P A S R I RE R [8], AR TR RE S A T I K A AR B A7 75 30 BL I 2 MEAH DG PR [6] %
KT IR CA ANV ELFE, A A P s B TE s AT P 45 PR ey o (LD oy 00 82 Py A7 (R
fICI), i S A5 A M AR R FE R A, AT i I B IR BB &2 [9] [10]. #RTT, Olmsted S5 [4] it 51
388 4 CSL fn A HIAER R, dndtaeS = A WAHOGHE. Ak, RET-ANAFAE A S 45 1 R B 7 o )
non-CSL g5t KHALISKEF FLEAT[9] [LLER A BTN ZEA L CSL f B m I RE = . R, 46 K240
SEEG AR 78 (A0 SCHk[4] [6] [12] [13])Frfs b S REA 2 EN 6 CSL @A, A Wb B 75 [5] [14]3RH T 2>
& non-CSL g Ft [ REE: . IXLUHE 70 M AN BRIt RGiXF b CSL M1 non-CSL &h S Re & i & . Rk, A
KA RE S b AL S A R AR SR A il — P A A
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AHI TN R 53 F- B D) F R TS AER ) 2 20 CSL <111> 4 T R i DA AR HIL ) 25 ] P 50X 28 o
BOII) non-CSL S S I RERE, AL TIXEEEEIR, E BT FHE-5 SR 5 IOAR SC I BL R Bl CSL AN
non-CSL it S AU RER, AR T b T P 00 it R s o 1) B 5 S X o 7 RE RO RE R

2. EMFESEH
2.1. &S E

I 2 A PR [ BRI S [P A 73 T3 A M T A e, SR RS 2 T 550 A A e ) S 3
AHIE], A SR i ST AR A3 i AN IA RS B R S RS KN R RS H REZE . |
F TR VL TR, S A A RS T ) 6 TR F A PR A6, HAH SR SRV T
TFa) R et 2 Jo SO P2 I 2B A i/ o A5 5 BT T i T B2 RT3/ ) CSL i 6] S 2 K B 3R
TE N FHISS AN 52 5 S B SR PR, AT SRR 2 S A I RER[5]. BRIk, AHT SRR BRI AL 15
SRR B 1A TERBRE A B R S AR B FEOP IR PR, BAARUA g ER
RIS — R B REENG, A RAREURN g, F gg IS ARRL A F B Y45 78 77 1) n O A Sk 43 7))
3 A A5 /N Bk B S R A R B (0 8 A2 BR M P e 2 B3 R B 396 A2 B 22 AQ = 910
BB T HVERFAT T n RS o AL R BRR 5 R0 it 58000 75 2 T LB pf B vk kAT Re B /ML B 7% . Bt
TR W B SR RNy A A IR BRI RE, RS A 5 E FHRE( By ) SR sk H B RE( B, )R] ) 22 53¢
B TR S AR SR T, R SRR R p AT 2T T AR

E,-E,

No=—g— M

ot S BRI & R b AR, S =7-R?, RAIGFEAE.

J'Ag = gxd;

Figure 1. llustration for constructing a spherical cell containing a grain boundary
(GB) with misorientation Ag =g, gs and boundary plane normal n.
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22. B

NERFT i B85 A A1 Al R B B SRR A S, ARHIT SR DA S AL R Al R < 110> X BRI & 7
(STGB)M<110>H %% i 5L (TWGB) P 4 iy F+ 5], e BUAR2H 5 57 F — € &= (1) CSL A non-CSL @i 7+, IF
BT BRI R . S8 T allfE BA O S 7 S R, 0 EP<110> %0 — e i o pk s, TRk
7E 0~1807HY [71) 22 £ (0) Y0 [l P e B 45 2K i T o [RUBF S D o A AN [ i PSR B o TR 5 B 2 6 B8 (A G M
5 34 BB A TRV B ) 22 £ i9<110> STGB AT TWGB, [T i 4 5 R %6 2454 CSL A1 non-CSL & 7 3%
WO . Horr, CSL <110>dh FXF B 0 (T2 He3RN<110>% T £ < 3000 1A CSL &
O RLHTHR A ZE AR 0"}, PR {6} SR A i ik AN T H ORI T oy =5-0(i=1,2,3,-++,36) MRS
(0"}, (0"} B B2 Btk s (M ELA 22 £ o non-CSL <110> & FExt L 0 AR HU 242 LA 574 [ 7E 0~180°
WIS HIE I — R 51 0. 2 145t T 2T DL B D7V prade B % i

TEF BRI BT 555 1 R & S A IRE AT, 28 75 R SCHR[6] 0 1 o Ak 27 B0 T % ot ST R F Y
IFa) 22 i R EL ] 222 A1 A R Xt ABE 2R T 35 PR A Al R ] o AR 7 BT R RIS B (1 242 09 B nm, 71
W% d,, =d, /3, d., =085d, fld, =005A. i, d =ay/2 FRAE P HHR/NE TR,
ap N R H 4.05 AL i F SCHR[16]HE HY 19 2NN-MEAM 2048 J5 -1 25 B8 BRIk JE 1 1) RE B A ELAE F 7.
KWFFCRTA 7378 1 AR A Lammps [17]81 4%

3. HR5ITR

SR S S ) 551 B £ B FE X R R RE RS, P8 2 BA<110> STGB M1<110> TWGB Afil, 4T
Xf % CSL A non-CSL & i R S B I F) 25 M 038tk . P 2(a) AT, MRS, 52K i F I A B Bt EY
0] Z A AR A OREE T — 2, #4E 0 = 70781 130° I A AE P R I RE EAIRAY, 7E 6 = 4071 105° [t ik
GFAEFIA MR NI BEEIRS . URTHF A ATE<110> STGB A& FaEN M 25 M (1078 (k34 5 O SL ek 52
[12] [14TFTIEaSAAR R, RBP4 80 Aol 500 L A e 4 SRR HERA nT 5210 . SRR, M 28 nT L8R E], 4
CSL #1 non-CSL. #h Fxt B (I E ) 22 FA AR BT, PR A IRt BB 2 AT 2 —8. DL EWERE, Xt
T°<110> STGB, Jo it PIAH 4R Sl AL 1) st B 5 75 A SR I AEAE B, SR R BB I m) 22 1) AR A 3B R RF AN
i TR L K/INAN 52 i B 75 G (2 I, (H 2 DR [ 22 A 5038 17 A B R AR A o KL ] 2(a) A 2(b)
AJ 1, <110> STGB #1<110> TWGB fitt & B AHXT R/ BA K I L [7) 22 #f1 ) A2 Ak a3 25 W AN ], <110> STGB
)12 fE B BK T<110> TWGB. X T<110> TWGB, CSL 1 non-CSL i 5t i & [ B 1) 22 /1 i AR Ak #
AR, 4 ER I 2 A AT P8 AL e B BB 2 AT . iZ41E 5 <110> STGB EHLHIAE RAFIEAN[H . X%
B, f L BE -5 AR AT AR R MR 7S E A R A AR RIS 52 TR B 52 o 2565 LA R SRR AT T A5
FHABEFE[9] [1113A 4 non-CSL di it B A L CSL &b A5 iy e & W AU AS TERA, & SRR IRIAERE R/ A5 it 7
PRI SRR B AEEE S TR

Ntk 5 B M il S RE 5 AR S RO R A B S I AR DG, 1] 3 43 Jil4A T <110> STGB #1<110>
TWGB RE=FE & i A0 B S (7284 . AT %0, 6f T STGB A1 TWGB, HL 4R B A7 IR AH [F] B 19 4 4 S 1)
BE B A TR I 50 22 5, 9 L P o 56 I A7 DR A 1 AN 2 SR AT AT ] WLAH G o IR R
Xt T EAMIFE T 85, AR S ERORTU R A sl KA LSRR = 5 A HL A AR B A = A A5 (
SCHER[9] [10]) B AR A IERAN o B, 5T HAHN 1 23 f A, HEERHFALILE R = fAME R,
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Table 1. CSL and non-CSL <110> GBs sampled in this study
52 1. AHISATEEAY CSL #1 non-CSL <110>@&F

CSL <110> GB non-CSL <110> GB

o() z ()
5.06 513 5
10.10 129 10
15.11 521 15
20.05 33 20
25.02 2729 25
30.03 1803 30
35.17 1851 35
40.03 2467 40
45.03 1971 45
50.48 11 50
55.04 459 55
60.10 323 60
65.13 1353 65
70.53 3 70
75.03 1947 75
80.04 873 80
85.02 2683 85
90.10 577 90
95.08 531 95
100.07 1241 100
105.09 457 105
110.68 2993 110
115.06 281 115
120.10 971 120
125.06 2937 125
130.15 2979 130
135.03 1969 135
140.03 1387 140
145.11 89 145
150.04 1467 150
155.08 537 155
160.35 2473 160
165.01 1881 165
170.10 2419 170
175.09 1091 175
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Figure 2. Comparison of energies for CSL and non-CSL GBs calculated using the sphere model: (a) <110> STGB; (b) <110>
TWGB
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Figure 3. GB energies plotted against X for <110> STGB and
<110> TWGB
B 3. <110> STGB #1<110> TWGB A: 2 = Tt

AT TORE i S RE Wy e By = SRR CSL i SN A I, T A i AT 7T e LA ARG e R (L
K 2 h AR RE 2 IMRERARA) . HE— BTk, XGRS F2 4T & Read-Shockley 2 Uik
(K “ONAEEGFL” . BRI S AR TR T A AR RAL A S o SR LA E I MTRIRL, AR RERIAR X K
55 i e LA PR B R RIS AT AR DG, th RIS RE Sk T B IR ORI il A e R 0 R A R A
K&, MAREZ B S 5 NS B L ERN, HE SR 5 NSRBI AR ICE[4] [18]:
AR PRL o SR AR R [ B 1) 22 (B R ZZ T AR B R 7 5 DM S H0 R ) 3 NS E RIS HL, % 57
X E PR H 1) 224 ) BAS [ AN kA A R 7t B A R BN ) o T L, S R 7 R e AR A PR AR I
i A K8 > 2 8, BRI T e - T 7 RE
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