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Phase Field Crystal Simulation of Dislocation Annihila-
tion at Different Temperature
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Abstract:[Objective] The process of dislocation annihilation was studied at different tempera-
ture. [Methods]JA mid-angle symmetric tilt grain boundary (STGB) associated with emission
and absorption of lattice dislocation were simulated under strain at different temperature by
phase-field crystal (PFC) model. The decay of STGB and dislocation reactions of separation,
annihilation and mergence and their mechanisms were analyzed from the energy point of view.
[Results)The research results show that the mid-angle STGB is composed of pair dislocations in
a line arrangement in two dimensions of triangular atomic lattice,in which there are two sets of
basic Burgers vectors. The evolution process of STGB decay can be divided into some typical
stages as follows: A dislocation climbs firstly along the STGB under strain, then the dislocation
occurs to break up into two new dislocations after it gets enough energy to overcome the active

potential barrier of dislocation, and at this time

the STGB emits pair dislocations to move in
7R B 2014-04-24 gliding in grain instead of climbing along STGB;
EE BN R (1962-), B, B 1R T 00, 3 2\ S5 A
R 5 T AU L ST 56 B 5T

* HEHRBFIEETHE (51161003) F(50661001) ) 7§ [ 48R
234 T I H (2012GXNSFDA053001) , )7 P K24 ) 76 45 £ 4
J& B RR G4 RN T 8 92 0 5 PSSk 4 (GXKFJ12-01) K Pi R
R 40 H (XJZ11061 D) ¥l ,

After a while of gliding, the dislocation crosses
the grain until it annihilates with another dislo-
cation at the STGB right in the front,i. e. the
grain boundary absorbs or merges the gliding
dislocation. The remain of dislocation in the

STGB can still climb along the grain boundary in
JEAE 2014456 A %21 A% 3 203



which it splits off again into two dislocations,and at the same time it looks as if STGB emits

the dislocations and changes the dislocation movement from climbing to gliding again. The dis-

location continues gliding until they meet another gliding dislocation in grain to annihilation.

[Conclusion] The annihilation of dislocation is one by one in proper sequence at low tempera-

ture, while at high temperature the process appears two by two or one by one simultaneously in

sequence. And finally the total dislocations are annihilated and the STGB disappears.

Key words: grain boundary,dislocation annihilation, strain, phase-field crystal model
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Table 1 Parameter of thermodynamics for sample processing
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Fig. 2 Annihilation process simulation of grain boundary

at different time ¢ and different straine
a(3800,0. 0228),b(6600,0. 0396),c(19400,0. 1164),d
(21900, 0. 1314), e (25600, 0. 1536), f (31600, 0. 1896), g
(34100, 0. 2046), h (36100, 0. 2166), i (38300, 0. 2298), j
(41300, 0. 2478) ., k (42800, 0. 2568),1(46300, 0. 2778), m
(48800,0. 2928), n (51600, 0. 3096), 0 (57100, 0. 3426), p
(67900,0.4074) ,q(85900,0. 5154) ,r(97900,0. 5874)
Guangxi Sciences, Vol. 21 No. 3,June 2014



G0z (ay o

Yo AN
(0100 IH' f I\ql\n
- i d\‘ kY ||||
0.00984 i N \kl |
% 0.0096 f || ,X ’of '.u” /o
2 [ el l |

£ 0.0094 Ly an
I [y o | \?/\I q
b

2 onouzd ;
0.00904 a5 /
R

000884
0.0086 11— . . T . 1 —
ngo0 02 03 D4 05 06
Strain{
0028759 (h) :{‘ k‘
0.028701 ﬂxu r1 m\1
o, (LO2B65 | |, ,*

&l
2 0.02860

=
& 0028554
—

/,A; 7|

\/ '/V |/

(J 1] 01 02 U (J 4 fJ 3 06
Strami =)

B3 k& A B RERER A2 2R A it 28, () IR 2L (b)
TR L
Fig. 3

(S
0.N2850
0028451

0.02840

Free energy-strain curves, (a) At low tempera-

ture, (b) At high temperature
4 #FHig

SR FH il VA R 7 55 TR ARE LT e S AR S R AT
EFYTEATR) IR BE T A i S A7 A v b e v i i, R
,nlbﬁ[ﬂ:

DA IR A it df 5 0 2% B R R R AR L
FAb ) D4 B R AR AR AR L T o T OO0 1 DT
5 A I A ] b B < ik ol a3 A L DG T AR AF AE A
YR I UE , J5E PR T A AR AE U A R4 L (1S
Ji - HEZ A B BTG, 0 1) R AR 58

2) fih S LR AR o R R O S A
B IR G R AR A L S R LA N R 2R s
DAL B IE 3 B R A A o RN R A
I E X 1T A TR A ) A I R R S E R 2
Bl ARG SO B A3 A L AR OROR S L AR

B AR A2 02 8l 5 B AR R s 2l B LA LE N
A I8 BT K
3D TEAR R B0, AL A — T — X Hly 42 R — 5 A4 T

FP S A B A e 17 0 A7 B T 95 RT LA TR e B
XL — e K AR B, B BT A R SR AL B 4 AR
EENE

SE .

(1] theteyy X0 . Aok B2 2k Al CM]. dbat: Jb a0 Tl
JEAFE 201468 F205%53H

(2]

[3]

(4]

(5]

[6]

7]

[8]

(9]

(10]

[11]

(12]

(13]

fi4t,2001:265-279.

Xu H J, Liu G X. Fundamentals of materials science
[M]. Beijing : Beijing Industry Press,2001:265-279.

B BEAE L BRI, HOmk AR BB R R IR M. 58 3 R
W . b SE R A AL, 2010:99-129.

Hu G X, Cai X,Rong Y H. Fundamentals of materials
science[ M . Shanghai: Shanghai Jiao Tong University
Press,2010:99-129.

Bobylev S V, Gutkin M Y, Ovid’ko I A. Transforma-
tions of grain boundaries in deformed nanocrystalline
materials[ J]. Acta Mater,2004,52:3793.

Ovidko T A, Skiba N V. Enhanced dislocation emission
from grain boundaries in nanocrystalline materials[]J ].
Scripta Mater,2012.67.13.

Hayakawa M, Yamaguchi K, kimura M. Visualization of

subgrain structure for a ferritic 12Cr - 2W steel using

backscattered scanning electron microscopy[ J]. Materi-

als Letters,2004,58:2565-2568.

Elder K R,Katakowski M, Haataja M, et al. Modeling e-

lasticity in crystal growth[J]. Phys Rev Lett, 2002, 88
(24):245701.

Elder K R,Grant M. Modeling elastic and plastic defor-

mations in nonequilibrium processing using phase field

crystals[J]. Physical Review E,2004,70(5):51605.

Stefanovic P, Haataja M, Provatas N. Phase field crystal

study of deformation and plasticity in nanocrystalline

materials[ J]. Phys Rev E,2009,80(4) :046107.

Berry J,Grant M, Elder K R. Diffusive atomistic dynam-

ics of edge dislocations in two dimensions [J]. Physical

Review E,2006,73(3):31609-31616.

MRz RFLL, b, Bl B A K AR AL A
IoE A BROT B BB, W B2 4, 2009, 58 : 390-396.
Chen Y, Kang X H.Li D Z. Phase-field modeling of
{ree dendritic growth with adaptive finite element
method[ ] ]. Acta Physica Sinica,2009,58:390-396.
R B AR B L BB A SIS 2
RIS T]. 4 )@ 4l ,2012,48.1215-1222.
Gao Y J,Luo Z R,Huang L L,et al. Phase field model

HE 1k

for microstructure evolution of subgrain in deformation
alloy [J]. Acta Metallurgica Sinica, 2012, 48; 1215 -
1222.
Wi, W, 36 T L ) 35 0 RUAL 6 20 3 b S 1
Al AAR AU ()], 42 )8 244 . 2011,47:1301-1306.
Yang T,Chen Z,Dong W P. Phase field crystal simula-
tion of stress-induced annihilation of sub-grain bounda-
ry with double-array dislocation[]]. Acta Metallurgica
Sinica,2011,47.:1301-1306.
REYER A, B AL, S A FLOL R I B S5 AL I
NI B A SR AR S L) ). 4 B 4, 2014, 50 (1)
207



[14]

[15]

[16]

[17]

[18]

[19]

[20]

208

110-118.
Gao Y J,Lu C J,Huang L L,et al. Phase field crystal
simulation of grain boundary movement and dislocation
reaction[ J]. Acta Metal Sin,2014.,50(1):110-118.
YR, EVLWL, B0 5. AR Or s R £ R 2R
mA ] TR A . 2013,30(4) . 577-581.
Gao Y J,Wang J F,Luo Z R,et al. Nano-twin structure
simulation with phase field crystal method[ J]. Chinese
Journal of Computational Physics, 2013, 30(4).577-
581.
Wu K A, Voorhees P W. Phase field crystal simulation
of nanocrystalline grain growth[ ]J]. Acta Mater, 2012,
60:407-419.
Yu Y M,Backofen R, Voigt A. Morphological instabili-
ty of heteroepitaxial growth on vicinal substrates: a
phase - field crystal study [JJ]. Journal of Crystal
Growth,2011,318(1) :18-22.
Elder K R,Rossi G,Kanerva P,et al. Patterning of het-
eroepitaxial overlayers from nano to micron scales[J].
Physical Review Letters,2012,108:226102.
FURAE PG R AT A S vk B LN £ BE
PR AR S LA [T DL )T P R4, 2018, 20 (4)
316-320.
LuC]J,Jiang L T,Wang Y L,et al. Simulating struc-
ture of dislocation and its evolution in low angle grain
boundary by phase field crystal method[J]. Guangxi
Sciences,2013,20(4) :316-320.

bt SN 1L T S LY R K P N
R AL R LT]. ] PE R, 2013,20(4) :311-315.
Luo Z R,Huang S Y,Ru X X, et al. Phase field crystal
modeling for deformation process of high-angle grain
boundaries[ J ]. Guangxi Sciences, 2013, 20 (4): 311-
315.
AR, B AR B L S AR 3 O I R R
AR T I 5 ARG R e A2 (). W 244, 2013,62(5) : 96~
105.
Gao Y J,Luo Z R,Huang C G,et al . Phase-field-crys-

(21]

[22]

[23]

[24]

[26]

[27]

tal modeling for two-dimensional transformation from
hexagonal to square structure[J]. Acta Physica Sinica.
2013,62(5):96-105.

Greenwood M, Rottler J.Provatas N. Phase field crys-
tal methodology for modeling of structural transforma-
tions[J . Phys Rev B,2011,83(3):031601.

Berry J, Elder K R, Grant M. Melting at dislocations
and grain boundaries: a phase field crystal study[]].
Physical Review B,2008,77(22) :224114.

R, B AR R HAL IR, S B A R R R L R
W AR AR ]. T EA 64 R 2 4, 2013, 23,
1892.

Gao Y J.Luo Z R,Huang L L.et al. Phase-field-crystal
modeling for microcrack propagation and connecting of
ductile materials[ J]. Chin J Nonferrous Met,2013,23.;
1892.

Chen L. Q,Shen J. Applications of semi-implicit Fouri-
er spectral method to phase field equations[]]. Com-
puter Physics Communications,1998,108(2) ;147-158.
Hirouchi T, Takaki T, Tomita Y. Development of nu-
merical scheme for phase field crystal deformation sim-
ulation[ J]. Computational Materials Science, 2009, 44
(4):1192-1197.

AR B RER UL, S M T IR AZ31 B G
GRS AT A R [T ], & JE R, 2010, 46 (10)
1161-1168.

Gao Y J,Luo Z R,Hu X Y,et al. Phase field simulation
of static recrystallization for AZ31 mg alloy[J]. Acta
Metallurgica Sinica,2010,46(10):1161-1168.

Gao Y J,Deng Q Q.Zhou W Q. Phase field crystal sim-
ulation of premelting dislocation movement under
strain at high temperature[ ]J]. Front Mater Sci,2014,8
(2):131-138.

(VAT gt . T B

Guangxi Sciences, Vol. 21 No. 3,June 2014



