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Abstract

In order to further reveal intricate influences of temperature on the migration behaviors of grain
boundary, we investigated the migration thermodynamics, mobility and shear-coupled migration
of Ni 36.9° {310}(001) symmetrical tilt grain boundary at 100~1000 K based on molecular dynam-
ics simulations. The results show that the threshold driving force of initiating boundary migration
at 100~600 K gradually decreases with the increasing the temperature, but keeps stable at
600~1000 K. This indicates a transition of the migration thermodynamics from thermally acti-
vated model to athermally activated model. The tendencies shown in the variation of grain boun-
dary mobility with the temperature are not contrary or consistent with the counterpart of thre-
shold driving force. Therefore, the existing viewpoint that the grain boundary being hard to in-
itiate migration will be of relatively low mobility is not correct. This grain boundary will make mi-
gration along the boundary normal direction and also the shear motion in the boundary plane, i.e.,
exhibiting the characteristic of shear-coupled migration. The coupled strength keeps the maximum
at 100~800 K and then continuously declines due to alteration of grain boundary structure.
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1. 518

fm 4 (grain boundary) 248 £ A RHH R g b 1 BB G 4y, SR NIERE R & B RHE S b B BY
AN AR R R A BBV T . d RO B S R A AT R B L 2 —[1]. B4R, ST RAT AT
FR TR 5 AR I & SAT B AR A S . @ FHUE B ZE (mobility, M)A E & RIE S FILH
REIH R REGE A ERIBHIRE ST, B AR M = VIP HHERR], VAP 437 38R 5 ST R 138 5 A 8Kz
H[2]e — AR, SRR T HEGE (thermally activated)47 4y, PRIIT 2 3 5 S8 P 7 i S BR 5h 11 £ B
TLEE T R FEA, RIS o ST RS 2000 B B i) i 3 K, ELRIRFA Arrhenius 77 F2[2]

SR, TE O SEI[3]-[5] Hh A IR e 45 Ja 7E MR BE I th 2 e AR TRl B ST R 1T S B kiR . 1X 3%
A L6 Sl i = ERE (non-thermal ly) AR AT 3R . 40, Brons SE[S17EMR AT Cu HbGEHAT
ARATENT, R EVALG N [ dkr 2 TR 22 g FUT R 1 A 26 B SR KA . 76 K ASADUE 7 [6]-[8] th K 8% ) & ST 8
MAERGBIE ISR . B, Olmsted S5[6] 4322t i FLAIRLEE = T LG FUE R, 5 Ui A AR AL, XY
i ST RN 5 IRE) S RN TR SR FERIAE MG Arrhenius T2 iR BEACTHAGIREERT, &0 F%
LI ERRIG I, TR B OREF BRI/ T BLREIRE) J 3 KRR, FIES A2 Arrhenius 7772,
Yu SE[7IE T T8 )15 7 T 388 i AT AR AT N, RIS db S s AT 9k s /)42
BB FEE (1 T T PRGBS 8 s (anti-thermal ly) RFAE s A S80S ASBE IR RE T 20As, B 2 I EHS
(athermal ly)RF1iE, 3853 dh T 2 I Pk 128 (Biltn, MR 6 A8 Jo s SN S 568
ABOESS) . FEYHZ, anti-thermally A1 athermally #)& T non-thermally JE85[7]. % Rl %0, iR
SN a TR e A R HE R, AF SRR EATAMEERER . Fit, SATHSEE
ARG A Rtk — DRI, IS T A TR 2 SR 5 @ FUE RS O I RE AN T o B 5 BRI e Ait o
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AW FEORFEIL 2 T30 120 T 0 57 7 428 Ni N5 36.9° {31000y A} R fbii 4} i # 4 100~1000 K 78 Py
MG LR IRS) F1 TR R MBI OIS AT N, AR FOM X 5 FHE AL I A2 . 1% SR EAR R
PSR, HEEH. REERFUERSMR O 2T, R BT 70 ST R A 54T I 5 43 5 1) &
Fto SR, A3 IR 1% ST B I S M B HALEE i AR AR AL AT T/, A &3 — 2B 9

2. B ESSH

AR TR ARIE F CROP-SDF 733 /12 7 A [ 12] B4UE5 (001 ST RE # )%, Hobz O AR 2
et EX R A RN AR T 5 H RS TS &, G5 T F S 20 X 5 5 R 7 F & AR T
PRI X SRR ZR AN 05 doRLE ) R DG R34 R, B85 7R AN N4 B 22 (1 RIS A R 3l J0) 1 Fl 1 3K 30 i A6 5 )
ER[12]. B 1 s AR X TYRIES (001) ft A E 28 5 454 . IR, =5 fJtH E D
SER BTG R AT HE AR B, O A AR R o S TV 1) (x) K P B R PR (RS 18.2 nm), - DLIBE G iS4k
RNHIRLS B, Wy Fz 7 B0 A B PR A ORSE 4390028 3.2 nm 1 3.4 nm).

LRI S UG, e FSLHIRE R VEAE 0 K NRMTREE R/ ME TR, SREURARAE B AR A 451,
R NPT RSN S TR . Frff 780 A 100~1000 K, F£LL 100 K AZERIBG I K. N K8
50 ps, BRINET ] 5 fs, (RIS RE X &b A 2 % 7 ) R P9 82 77 R 4% I E 0 GPa. 414 & fig & Al 45 F ik 517
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Figure 1. Structure and orientation parameters for Ni 5 36.9°(001) grain
boundary, and the block-shaped bicrystal model constructed based on this
boundary
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s, FF CROP-SDF J5 ¥4 [12]17] éi S 9 O (1) AH 41 & 20 B s I AN 35 BEAE/2 FI—AE/2 (L] 1) LASE K &b
RLlE A g2, A BE gt St ST IR 1. REULIIN R, AE JRAEM e, 1ML 2 x 107° eV/0.05 ps
R M 2 x 107 eV HIEEAE W36 K o i ¥ 5 1T NE5 (001) & FAE A [ R B R #R At AL 08 T A 9k 5h /7
BEMAOR R A b PO, FERT SR BCAN AR B R ST A 5 I SRR BN 1 AE . N HEBR R B % i ST 7
IR, BOE S AL IA R 1 nm I EIBREN JJAE NAEw. 38T 45X A R A ARERIAR AL, ATIREUA ]
I ZN ) b LA, PR TO0R% - I ) d SR R R A SR B R KT Bl e . DL BRSO 3L T IR 7 3 /)
ST Lammps [13]58 6, [A)I %6 72 H1 Foiles £ Hoyt [141 £ 19 Ni B 2R TSR 5 7 (0 B B A0 B
YERI 3, T OVITO BAF[15]15 BB &R 4544 T rTARAL -

3. BRE5VE

NIRFCIEERT NIZ5 §h FUERE AT 7R AER FIREMT, 1€ 2 45 H T ASIRNR S T s LR BEAMINIREh JIAE (1172
fho HERTAEL, EAFRE T, @A EETE, MR EUAE LB —E BUARN A 21T/ . XU R
AR IR FEAREAEES IR AEE TS, BRI % S T B 5 0k s) ) 3 3L RE A R A4
REAE . JEIE XN EE R, 7E 100~600 K i [l A AEy, £ Bl I FE 1 s i B S BAAIC,  {HL/E 600~1000 K 3 [ P 4
BARIEF L . RS WA ENRE FRISREN ], B AR E] 1 nm BRI OKEN 1A E NAE, (WLIE]
2 B RLR), HARGIRAE 3 B, mIE 3 I, BEEIRE TS, AEs A 100 K B []~0.165 eV 2 i# T
B3] 600 K 1~0.03 eV, AEy FFIK 14 82%; iR E4kLEF %] 1000 K B, AEq ST IR FFE~0.03 eV
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Figure 2. Displacement-driving force curves of Nix5 grain boundary at different temperatures
2. Niz5 RAEAFREIRE TR - IR SIhLk

GB displacement (nm)

CEEKRE, X5 f TR RIS AN R AT R, R BRI T I #E (thermally activated)
AR NI iR T TG0 (athermally activated) . 15 df FLUE R S0 EAR, BEFLE[7] [8] [16] g
Z ML (B8 G i FORELAY . PSSR AL SR SR R B0 ), HE AR gE — IAIR . RE, =5 &
TR R R U IE A FR ik — 20 b . SCER[TIRER 7L 7% M AT R 3 2%, (HE R IAE
100~1000 K i [ N B3R A FBIERHIE . 5 AW 7K A 1) CROP-SDF J7iA[12]AHEE, SCHR[7]Hr R H I SR
4 SDF J7iE[LL1A A 20 K SmoRL A 14 J5 - 5 M ) Dy o T DB, 30 T A5 it -5 o R B ) A G 1403
FURE) T, A FERFUT R R SEIRE) S A E T X BRI ANIM RS /7, X ) 2 i
I ANWEERAG[12] [17]. B, AW 505 SCER[7] T 4345 R0 2 5 %o B TR AN [ 5 801
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Figure 3. AEy, of X5 grain boundary at various temperatures
3. FRIBETI5 @A R AIAE,,

AW [T] [BIA A 4 HE & TN LI AEy, BRI, 2% it FLEME J5 TR, I FLJS 20 5 AT R8s FE BT
FEZRMOROERAS, R0 B ST M SRR S v T HIT B g . IRz s IR, 14 4 45
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23 K3 800 K If~1.25 nm/(ps-eV), & SCBH R B2 T i AW R (L] 4(a)). 56T 15 4(b) A Hds
=B Hr K, 1E 400 K A1 600 K EBUKIRFER, gh 04 e i f5 5 i #%, 1Mi7E 800~1000 K K 4 7 4=
FRORFR S AT B FLil P52 80 1 B 1 il 2R A et B 2y o X ARRE T 1 4(a) HP oA AT M S 3 K DR P K 1)
S, FAT SR R IR S 8T ST LS ballistic £ diffusive 5 45[18]. R4R, TER =E
JEHEAER 5 M PIMHCH AR & CA AN A . Fik, Z&rHREEPS RN, SAE3E%
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Figure 4. Mobility and displacement data of X5 grain boundary at various temperatures, simulated under a fixed driving
force 0.08 eV
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(M 5 FEFE F A5 8 S B JR I B M RE AR DGk, DA BIFE[7] [12] [16]3R W, AEn EZE 5
FRESFIRNREEA G, TR PR [ 6E /) (R R 28) 18 52 29K 5) /1 KNSR G R R I SR AR 2

2B iR FEXT NIZ5 di ST AT IR, [5] 5 25 H 7 100 K F1 900 K AN [RIIE A% I 21 i 3T
SR W S BTN, A TR O ZME P BRI B 20) S AL GO R Sk P b SN [ AW R, [R5
PR AL 29 B E 55 Sk s O ) 9 3l 5 +z Fl—z J7 I R AR AR B YNIE B)) o 7E 2 N7 s SR G AE AT,
en TR P 2 E X T R 2 26 TR AR (R AL I AR, AR IRPR AR —3. fEXE
HRBILERMTEE[2] [7]-[9]F, W52 31X KB 2 N BY V)8 & i 2 (shear-coupled  migration) 1 21
Foo RTHELG T, TEIT AL I FE b S PN AR 2 I o SR T 1) A ST N AT A AR T i R RIS B
MM T BT UIRE AT R 47 (2] SHEEIE 5(a) A 5(b)al KB, 4 THE 4 900 K i, X5 & A
TR A V B T 100 K, BARE F R R AE BTV G T RAT N, (H2 BT 2 %801 &
TR RIZR(100 K I 4 S6REER), T H AT REZT B (1) #8428t B (21K T 100 K (B 100 K I (1) 35§ 28
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Figure 5. Shear-coupled migration behavior of 5 grain boundary at 100 K and 900 K, illustrated by the bicrystal structure
at various times
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JE R 800 K I, BEFFLLREAC, 7E 1000 K i H4~0.25. B )L, 1000 K I B UI#E & 5 fE XA BARIR B I
IV 5y 22—, RGOSR SUR R . MRIE & FUER M disconnection BEAU[16], 7ERARMRSE FiLREH —
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Figure 6. Shear coupling factor f and structures for £5 grain boundary under
different temperatures
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