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Fig. 1. Two-dimensional phase diagram as calculated in a
one-mode approximation (hatched areas in the figure cor-

respond to coexistence regions).
3 HITE
Xt (3) AT B Fourier 11 75 ¥ 3K i, 1T
DI s R 0y
(Pr,t+at — prt)/ At
==K {[r+ (= 1) Tpereact () 1 (D

:—Et EF' Pkt ?‘7 Fourier &% I\ETJ tEﬁZUJﬁ%%E, Pk t+At

170504-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 17 (2019) 170504

& Fourier 25 [8] t+AtH} Z) i 1 % B, kN
Fourier 23 [AIJ% %, HiiA k> = |k|°.

TERADL S i FE o, FH 4k = A A A T O 57
T3 {111 ) JE T R R A A AR S 50 BT 3 BB A
PLSECN py = 0.285, FRIPILR L] 2% 0 = 2.8°,
WzsE LKl Ar = Ay = n/4 , BB K S At
= 0.5. i A& R B4 . X TR aA AR
PUDCHR B AR : R E AT X A L, x
L, = 5128z x 5124y, B X7 P HIU6
FH DK RTPRAS R DX, TRAH XU 58 BN dy iR
DI it (5) B b ] A oRE X 1/4(L, +
2dy) < y < 3/4(L,;2dy) 15 B R AR S —-0/2,
H BTSRRI 0 < y < 1/4(L,2d)
1/A(3L, + 2dy) < y < L, {0 &R Ky 60/2,
M0 <2< L, AT IR SR EA RIFET
WILRHED, 1 P SR a) RV X Y8k 10.
Zeat 30000 2 B Ta] R, (HATBORH X 58 4 BE [ 45
i, VR R VAR R ) (AR A R R AR AR, A R GE
FREERRAIR, S T A AR R R IR IR,

SN FIVEFT T SR 48532 25 I b A%, 1t
YRR 3 i v SR P S8 TR R AR AR A 4 fifi A5 A5 40
I EA G, HARS Al

S = AzAy = Az’ Ay, (8)

Lo, AxFl Ay BB FIZS 2, A Fil Ayl

A JGas bR, NAR R ¢ e e = enAt (Hi, ¢

Sk TG i A AR AR SR AR SCH E = 6 x 1070 /At

n R 25 50). BB AE @ 7 ] x4 & i i —
AP ST, DL

Az = (1+4¢)Ar = Ax + neAzAt, (9)

Ay = AzAy/Ax’ = Ay/ (1 + néAt). (10)

4 BMUERG M

JIT e F OB S N 26 1 T3], Hpb A 4h i3
e 3 Wk,

Fz 1 BRI SE
Table 1.  Parameters used in the simulation.
KE WIERETEEe  fimZEe RS
A 0.285 2.8° -0.23
B 0.285 2.8° -0.25
C 0.285 2.8° -0.28
D 0.285 2.8° -0.30
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Fig. 2. Simulation of relaxation process under the condi-
tions of temperature r = —0.25 at (a) n = 300, (b) n = 800,
(¢) n = 15000, (d) n = 29450.
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Fig. 3. Snapshot of two grains with an orientation angle of
2.8°.
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Fig. 4. Simulation of grain boundary dislocation under dif-
ferent temperature conditions at 29500 steps of relaxation
process: (a) r = —0.23; (b) r = -0.25; (c) r = -0.28; (d) r =
-0.30.

MIEL 5 HFal LA Y, JT 6 B Bl AR 2 B i
FERIREAR, A i fE R AR AR AR, Al 2
B B3 A5 B TE] 25K 0 B O 650 45 L 450 4
350 22 F1 300 &, RMIERIR AT T, Ak R E

FheE i B A AR E]; WA, iR R
WA G AR R, IE 4 FE 5 AT OISR FEA
IR T Al AL S I HE AR 2R A e AR T .
PUR )2 S LSS — A 455 R, He vk R I
XF i A X2 s A RIS, FEREESR r =
~0.23 I}, )2 A A 22— 50 R B 4L ]
JRIZA 21 MR T)2; TEIRE R r = -0.25, -0.28,
~0.30 B}, )2 A ZE S — 5 580 R B AL ]
JRZ430A 19, 18, 18 NMET 2. W LUE R
M2 AR R B PR A AR L, S T 5 M i A o)
HEB A e B 2. Ta) B %o e LAl 85 ok % B0, 7
RIE R r= -0.28 F1 r = —0.30 Bf, 4% %t HES) B
B, A AL I E LS. R IR E N
r=-0.23 fl r = -0.25 151K, W58 5 BLIRE St i
AR X 25 IR A A T ) d R PN IZ B, REITE
AT AR R A T ReRm, b TR R
TS E, Be i B Rk B R AR, 75 X ) i Az Bl ]
DATHAE N R FUBE IR AL it A7 R A R 1T ZE (TR
ZMEF, RFR A HRE TR, HICAM IPER,
PR R AT R TR 78, 1A 3R AB i 7E 0 B (1] P 5 )
TR RS, WA B M R s 6 157 45 0T ] i N 3B ).

—— r=-0.23
0.0348 1 0 r=-0.25
—o— r=-0.28
—— r=-0.30

0.0324 | I'»’».‘
> >
Qﬁh\m“x' P0CI3333300C333333333333333939033333333h

0.0300 \\

0.0276

Free energy

0.0252 | . . . . . . .
300 900 1500 2100 2700

Time steps

K5 REEX IR PR R B oL RS
Fig. 5. Effect of temperature on the change of free energy of

relaxation process system.
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(f) n = 24450

Fig. 6. Simulation diagram of grain boundary dislocation motion under stress with r = -0.23: (a) n = 5500; (b) n = 10900; (c) n =

11350; (d) n = 13350; (e) n = 13850; (f) n = 24450.

B7 MAOERT r= 0250 @AM BIHEIE (a) n = 11100; (b) n = 11550; (c) n = 13600; (d) n = 13850; (e) n =

14100; (f) n = 25150

Fig. 7. Simulation diagram of grain boundary dislocation motion under stress with r = —0.25: (a) n = 11100; (b) n = 11550; (¢) n =

13600; (d) n = 13850; (e) n = 14100; (£) n = 25150.
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Fig. 8. Simulation diagram of grain boundary dislocation motion under stress with » = —0.28: (a) n = 11800; (b) n = 12050; (¢) n =

13800; (d) n = 29050; (e) n = 33450; (f) n = 33700.

9 REHVERT r= -0.30 i f A A 52 S IE () n = 11300; (b) n = 12100; (c) n = 12500; (d) n = 39550; (¢) n =

40100; (£) n = 76500

Fig. 9. Simulation diagram of grain boundary dislocation motion under stress with » = —0.30: (a) n = 11300; (b) n = 12100; (c) n =

12500; (d) n = 39550; () n = 40100; (£) n = 76500.

170504-6


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

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 17 (2019) 170504

BB X AR AT, (ELIET 10(c) A ARSI
AREFE X, BEE AT 18] B BEA TR E A T O B X A A
MARTE, W] 10(d) H A (A8 6 AH B 5S4
s s BAL s shis o e 2%, ik 9
AP 10w LA B, J5LBE R0 3 /N AR B X R BT b
FUALER B ORI A ). TR T RIPERTT,
AR R IO AR REREAR AR 2R A i RETH R, (ERE XS
B BB HE T, A L o Y e A2 BE L B 2 1
K. AR AW RS R, (R R RERR IR 2,
24 i I X R BE A R B a3 5 X s
AR S RERS , LA Tt 128 3h LS 2 7R 2 R Y
BER IR FITR AR TR]S 18] A e I b (A4 2R B
RE R R 2 URE R IAA R R RV 2, (il
5 A A7 5 o8 T i a8 2l B s I 18] AR IR PR 5T T
LR XS SR K A= . TERLEE X I R I, S )
RFSEAE AR 2R A i REDIAL T ETHIRZES, 125
i T ALEEXT iz 31/, Burgers S AH K B A
PSR S A Dy A B o TR AR B AT . =,
TSR] SIS (57 FE Xt AR BRI Y FF . MAAN ]
TLEE TSR IZ S R I AT LA T BE AR £
FEXTIZ SIRHAT GG, (57 XA R Y5 A N [ ] s A
X1 R, A H BRI R A e st DY A3 X )
AR B I, O LA R RTE S s S 2.

E 10 11200 25 B R[] B 45 1 F R BLHLIEL () r =
-0.23; (b) r= —-0.25; (¢) r= -0.28; (d) r=-0.30

Fig. 10. Simulation diagram under different temperature
conditions at n = 11200: (a) r = -0.23; (b) r=-0.25; (¢) r =
~0.28; (d) r = -0.30.
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Fig. 11. Free energy curve of system under different degrees of temperature: (a) r = -0.23; (b) r = -0.25; (¢) r = —0.28; (d) » = -0.30.
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Phase field crystal simulation of the effect of temperature on
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Abstract

For crystal materials, the grain boundary structure is complex, which is usually the place in which stress
concentration and impurity accumulate. Grain boundary structure and movement have a great influence on the
macroscopic properties of crystal materials, therefore, it is of great significance to study the microstructure of
grain boundary. With the phase filed crystal approach, the structure of low-angle symmetric tilt grain boundary
and dislocation motion at nanoscale are studied. The low-angle symmetric tilt grain boundary structure can be
described by a dislocation model, in which the grain boundary can be regarded as consisting of a series of edge
dislocations at a certain distance. For a relaxation process and applied stress process, the position change of
dislocation motion at grain boundaries and the change of free energy density of the system are observed.
Furthermore, we also analyze the influence of temperature on the grain boundary structure and the dislocation
motion. In the relaxation process, the free energy of the crystal system is higher under high temperature
conditions. The results show that the motion of dislocation pairs in the grains can consume the internal energy
and release the distortion energy stored at the grain boundary, and thus making the system more stable and the
energy reach the lowest value earlier. Simulation results show that the lower the temperature of the system, the
faster the free energy density decreases, the faster the regular arrangement rate of atoms increases, the shorter
the time required for the free energy density to reach a stable state becomes. And when the grain boundary
reaches a steady state, the arrangement of the dislocations becomes more and more regular and arranges in a
straight line. For an applied stress process, with the decrease of temperature, the time required for the first
encounter of dislocation pairs and the time required for the formation of single crystal become longer, and it
takes more time for the first encounter of dislocation pairs in crystals to disappear completely. Further studies
also show that with the decrease of temperature, the free energy density exhibits a multi-stage ascending and
descending process. The rising process of energy curve corresponds to the stage of dislocation climbing along the
grain boundary, and the decline process corresponds to the stage of dislocation decomposition and encounter
annihilation. At the same time, the dislocation pairs’ reaction becomes more complex. Finally, the dislocations

annihilate with each other.
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