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Fig.1  Model of a migrating grain boundary
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» 2  600 Á�ÂÃÄÅÆIÇÈ 4 hÉ%M��ÊËJQRS 

Fig.2  OM image of the surface relief of DIGM of an iron foil 

heated in Zn vapour at 600 Áfor 4 h with interference 

contrast ×200
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» 3  ÌÍ��y¯�JQRSIM´ÎÏ� 

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
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» 4  ÐÑJÒMJQRS�JKODak 

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 

fragment EB
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Fig.5  Grain boundary migration along <100> symmetrical tilt 

boundary at 360  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 MPa

[55]

 

 

����
h�(ª«µ®�&�Ok¬�^

�����®CD`�gh¯Ra����°U

��±���6L��×�G��CDNOU�

RS�©Y���[\&-./0��(f���O�

�Y Von Neumann-Mullins l¤á�n�²

[60]

��&

Ó�
��9<Z?	È���
�	Y���[\

���CD³U´èùÍ�����È80]�

�$�Eµ�34±ÈÚ0��[\

[59]

� 

�����
�!"�

��RS�NO��PQCD�jk Gibbs- 

Thomson¶`Ml���CDNOU F"RS k�

�l¤

[61]

�D 

F k

R

γ

γ= =

                             m3n 

èk�γ

 

ø´�ï¸R���@Ñ6�R �RS·

¸���CDNOU F"RS k�ò0��RS

�.¼�.�UpmanyuB�

[62]

c®�ÌOUX¡g£

·4��CD�¡gg�&RS9Z0�¹UBú

ûº(Y���PQ�|CD�GRSµ�©�NO

UY���CD_	ß	��RSk»��
@

a 

b 

d 

S

1 

S

2 

50 µm 

σ 

σ 

σ 

σ 

a 

b 

c 

d 

e 

f 

Crack 

Crack 



� 2�                            ������	
������� TiAl��������                        �703� 

Ño..�Lø�à+����¼�_¸�RSNO

��CD&CDJ/k�æç��k½ï?ïð

B¾¿�]���¤¥k��Gõ��×£�


Ú0�»¼À<£���¤k@Ñ6

[63]

� 

����������

Z0ÁÈ�¾Á�Ì�Oq5�»¼���

CD=S9_`��12�&��ÔÕ¡¢k��

�CDEÑ��âÔÕ�ãÅäåà�Ì�Þ�¼

�âÔÕÙÂç�¼Z0ÁÈcd�Ì�O=S×

Ã9ÔÕ�Ä'Ú0�×�»¼�×£��CD=

S�&ÈZü���@gÅo.ñ�Ó¤¥6õ�

^;ø���
�ÅÞ

[10,11]

�7Ø 6 Ù´���CD

S"Z0��%& Arrheniusl¤�+�l¤&¯ �

¡gk�dÐh¯

[5,64]

� 

��������	
������	
��

����
���	��������	���� 

 

 

 

 

 

 

 

 

 

 

 

� 6  ����	
�� !"� Arrhenius#$ 

Fig.6  Arrhenius relationship between grain boundary mobility 

and temperature of pure Ni
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Fig.7  Four representative snapshots of GB positions at different simulation time for the migration of Σ5 tilt GB driven by a thermal 

gradient
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: (a) t=0.0 ns, (b) t=0.8 ns, (c) t=1.6 ns, and (d) t=1.8 ns 
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Fig.8  Diagram of temperature-tilt angle responses of [001] symme- 

trical tilt GBs in Cu under shear force
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� 9  NiLM!��NOPQ�RS�TU� 

Fig.9  Inverse pole figures (IPF) of directional recrystallization structure of Ni-based superalloy: (a) general IPF mapping location; (b) as- 

extruded location; after zone annealing at 1523 K and hot zone velocity of 0.005 mm/min (c), 0.01 mm/min (d), 0.05 mm/min (e), 

and 0.05 mm/min (f)

[71]
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Fig.10  Columnar grain control of TiAl alloys in cold crucible dire- 

ctional solidification: (a) processing principle; directional 

columnar microstructures with fine (b) and coarse (c) 

grains
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Fig.11  Grain boundary migration of Ti-45Al-8.5Nb alloy at 

1510 b for 10 s (a), 40 s (b), 70 s (c), and 100 s (d) 
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Fig.12  Grain boundary migration of Ti-48Al-4Nb-2Cr alloy at 

1423 b for 30 s (a), 70 s (b), 100 s (c), and 150 s (d) 
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Research Progress of Grain Boundary Migration and Its In-situ Study on TiAl Alloys 
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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 
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