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Fig. 1 Reconstruction of pure copper grain boundaries(a) and schematic diagram of typical annealed twin shape of face-

centered cubic metallic material(b) "> (Red, blue, green and black lines represent £3, £9, £27 and random boundaries,

respectively)
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Fig. 2

Schematic diagram of X3 regeneration model®: (a) Twinned portion of left-hand grain created most mobile

boundary; (b) £3-X9-%3 junction labelled 4; (c) New £3-X£9-%3 junction labbled B
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Fig. 3 SEM images((a), (b)) and grain boundary reconstruction diagrams((a’), (b)) of annealed twins on random boundaries™'!:

(a), (") Random boundaries transformed by twin emission to £9 boundary; (b), (b") £29a boundary
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Fig. 4 Decomposition of high ZCSL boundaries into low XCSL boundaries®?: (a) TEM images; (b) Schematic diagram
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Fig. 5 Schematic diagram of incoherent £3 boundary migration and reaction model®: (a) X3, boundaries distributed on

both sides of strain grain boundary; (b) £3, boundary gradually moving towards strain boundary; (c) Any two moving X3,

producing a X9; (d) Another moving X3, mecting with part of £9 producing a X27 (or X3, )
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Fig. 6 Schematic diagram of multiple twins form twin chain
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Current research status and perspectives of regulation of
grain boundary structure of face-centered cubic metal materials

SUN Qiang', WANG Zheng', GE Lin', ZHANG Yu-peng', CHEN Jin-song?, FENG Wen'

(1. School of Mechanical Engineering, Jiangsu Ocean University, Lianyungang 222005, China;
2. Engineering Training Center, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: The intergranular failure behavior is a common phenomenon in metallic polycrystalline materials. It is
an effective way to improve the grain boundary-related properties of materials by using grain boundary
engineering technology based on annealing twins without changing the chemical composition of materials. In this
paper, the morphology and formation theory of typical annealed twins were firstly described, and then five
microscopic mechanisms for optimizing the grain boundary character distribution were compared and analyzed.
Secondly, the main implementation approaches and key influencing factors of grain boundary engineering were
systematically summarized, and the characteristics of different methods for characterizing the connectivity of
random boundary networks were also reviewed. Finally, the applications of grain boundary engineering
technology in improving the grain boundary-related properties of face-centered cubic metal materials were
summarized, while the challenges in the field of grain boundary engineering research were pointed out and future
research directions were also expected.
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