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Fig.3 Dislocation movement in grain boundary migration of pure aluminum under stress: (a, b) dislocation motions in a moving GB plane;

(c) image superimposition showing the amplitude (m) of GB migration

WA ER R My R ARG PR K. TR
M, MR RE N R N ) F o ST
MUKz 22— B2, fEARE T, AT B e
RININE AR AT LA e it 2 SR B Bl iy TR, B
WAEAE 56 A HLR K By ity ST RS H L2

TR 1 4 Bl AT OGBS W R A 207 1)
BN s Wb SR T WIS IR s IEWITR
LSS REsh ARSI s WOR e . AERY D AE
MR, Zdh ik dh IR S IR R B, T
AT AR, B S EE), M
RS R T A4, ST 0 T EALHIR & AWk
HEARAT ¥,

2.3 KRBT RIREFRIBIH

02K it A% A EC AR 20 /0 P9 R RO AN 25 52 2% 1D 8
Faity, HANIEALS RPN T2 ae, il )
SERJSEFIVRE I, (ELGH K ot A () S Jo P o AR 210,
LRSS T 5 Y
KRR, HAEW] T I LE R4} SE e P 1) 5 v AN 94 K By
TR (1 28 AR TE AL AT DT Ok T S A e
RBB, WFFEN GO 9K R SR T IR
W,

R A ARAERZ TG A, i SIS A R T 2 440K
st AR YOV 2 R s A (0 S EEMLAR,  oRE 9 T e 2 2D
408 KL 2 ) R BB 222, ] I g 1 408 i R 45 5 T K
MR T b RO gk iR OO fEH R, A
Lokl A AR AR, XIS AT RE AL N A
T SRR e T R A 538 B BT i BT, S e
¥ T AAFAERALHIZ N, XA A GIE ] I
Ayl LB AT B R SIS — s R, ghkap
it A FTRE P DU IE i ST R PO, I Rk g0 oK i 1
FE A I IE RS Fh 0 B0 45 ) 38 A A7 AE A B N R R K AL

[36]

fil. Bobylev ZEFOMR I T — B dh FLE B A1 J) 3R B 1)
& FLIE A% B [°) A8 HE # Y (cooperative grain boundary
sliding and stress-driven grain boundary migration,
CGBSSGBM), 1l 4 fizr. b—c—d A&l s A it
£, b—e—f Jy CGBSSGBM Il F2 . 3 Flr 1925 1 ML il
FERE A L EE “al” 5 A S B A R T A
AR TR, 2 R 5 1t 4 vy 20 0K iy A FRD S JR o 2R AL
Hu, ATV Bh-BY VIR K AT B (cooperative grain
boundary migration,
CGBSSCM)#i Ay 314z |

3 EmEFIBMER

3.1 BEZERRFEN

FEdR S SRR, P AR 18] R 1) 22 2 5
IR =] ViR A = U LY NP = U D
ARasE, SRS RAETB . B0 BE b
A 9 R T G 1) 222 ) XA T A, /N A i S I 22
R, Uiy S REREOR, KA 5 o 5 1) ot 7 e AT A2 4K
AR, i Sl T e (4 75 sORAE B 5 1k fiE B BEAIG
RPIRASE2ST. i ST (WO At 2 B A5 B 1) 22 1) 2%
A4 . ChtnAEsign rh, AN P T SRS R
RS L A T RIS AR, KA I S
o B 6 55 i R RO I AR, RN B
1 LA [7) I A bl 6 1 S [l 3 S ),

FE 28N Ay BEASUON i 5 AN TR] R B 22 3 i T
ANTA] PR XSRS 8 5 A, T A S 0 it I PR LA . )
VAN R S B2, 3l vl B AN [R] B 17 22 (1 o 57 A6 AH [+
I A N AR IIE N TT 1. B AL FI<100>Xf R A5
M A B, AR AR AE R, B 22/ T 310
(¥ ST R 7 5 0T 360 Fhimi AR e it FLE )
ZEANIN S NI R I L 2 e R ARk

sliding and shear-coupled



* 702 ¢

Mty @A RS TRE

50 4%

Bl 4 290K i fA 1 o S DT B M oL AR T 1

Fig.4 Grain boundary migration and grain deformation processes

in nanocrystalline specimen: (a) general view; (b) initial
configuration I of grain boundaries; (c) configuration II
results from “pure” grain boundary sliding; (d) crack forms
and grows into the grain interior; (e) configuration II results
from cooperative grain boundary sliding and migration
process; (f) crack forms and grows along grain boundary
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Fig.5 Grain boundary migration along <100> symmetrical tilt
boundary at 360 ‘C under tensile stress: (a) misorienta-
tion at 28.2° and tensile stress at 0.45 MPa; (b) miso-

rientation at 30.5° and tensile stress at 0.42 MPal®”
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Research Progress of Grain Boundary Migration and Its In-situ Study on TiAl Alloys

Yang Jieren'?, Zhang Liteng', Gao Zitong', Hu Rui'?
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

(2. Shaanxi Key Laboratory of High-Performance Precision Forming Technology and Equipment, Xi’an 710072, China)

Abstract: The evolution of grain morphology is accompanied with grain boundary (GB) migration, and the grain morphology significantly
determines the properties. Therefore, the key problem in engineering research is to obtain expected microstructures by controlling GB
migration. The understanding on GB migration in metals was reviewed and the current study on TiAl alloys was given in this paper. Firstly, the
phenomenon and physical model of GB migration were introduced. Then the driving force, especially the diffusion and stress, was analyzed.
Secondly, the influence factors of GB migration were discussed, including misorientation, grain boundary triple junctions, curvature,
temperature and thermal gradient. Finally, some applications of the regulation of GB migration were introduced. Combined with in-situ
observation of the author, the GB migrations of TiAl alloys in single-phase regions at high temperatures were analyzed.

Key words: metal materials; grain boundary migration; driving force; migration mechanism; TiAl alloy

Corresponding author: Yang Jieren, Ph. D., Associate Professor, State Key Laboratory of Solidification Processing, Northwestern

Polytechnical University, Xi’an 710072, P. R. China, Tel: 0086-29-88460361, E-mail: yangjieren@nwpu.edu.cn



