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LU Ya-feng', LIANG Ming', LI Cheng-shan', FENG Jian-ging', YU Ze-ming',
XU Xiao-yan', LIU Qing?, LIU Zhong-yuan®

(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China;
2. College of Materials Science and Engineering, Chongqing University, Chongqing 400030, China;
3. State Key Laboratory of Metastable Materials Science and Technology, Yanshan University,
Qinhuangdao 066004, China)

Abstract: The macro scale fabrication of high performance metals with nano-structure and nano effect and the revelation
of the characteristic of microstructure evolution to the functional regulation are the major scientific problems and the core
key technologies in metal materials field. The correlations among interface, size effects and plastic deformation,
strengthen of metallic nano-materials were predominately reviewed. The emphasis was placed on the recent progress of
the metal nano-composites fabricated in the macro scale, the applicability of the classic Hall-Petch relation and the rule of
mixture law, and interface and size effects on the microstructure, mechanical properties and physical properties of metal
nano-composites. The developmental trends of high performance metal nano-composites for the applications were
proposed.
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Fig. 1 TEM images of as-deposited Cu
samples with various mean twin thicknesses!':
(a) I=96 nm; (b) /=15 nm; (c) /=4 nm; (d) Same
sample as (c) but at higher resolution;
(e) Distribution of lamellar twin thicknesses
determined from TEM and HRTEM images for

[=4 nm
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Fig. 2 Comparison of yield strength of nanotwinned Cu
(nt-Cu) with different twin thicknesses and nanocrystalline Cu

(nc-Cu) with different grain sizes!"”
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Fig. 3 Average sizes of grains containing deformation twins

.
Tension

and stacking faults (maximum size of grains containing
stacking faults)!"”
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Fig. 4 Twin fraction of twinned grains in NC Ni deformed at

liquid nitrogen temperature under tension, rolling and split
[17]

Hopkinson pressure bar

B5 Cu-NbFESIZMA TEM B3 1 HRTEM %1
Fig. 5 Bright field(a) and HRTEM(b) images of longitudinal

specimen showing Nb fibres surrounded by copper!'™
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@ Set 1, Cu-Nb: 5=2.2, 1.3) A

6 AT AN SR A A
Fig. 6 Set 1 misfit dislocations lying in Cu-Nb plane in KS;(a), Cu-Cu” plane in KSy(b) and weave between two planes in KS;,(c)

@ Set 1, Cu-Cu®: b=(2.2, 1.3)A

@ Set2: b=(-2.0, 1.4) A

(Set 2 misfit dislocations lie in Cu-Nb plane in all three interface configurations; b: Burgers vector)*'!
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Fig. 7 Schematic diagrams showing mechanical alloying explained by dislocation shuffle mechanism®: (a), (b), (c) One slip

systems; (d), (e), (f) Two slip systems
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