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The Self-Stimulation Effect for High-Performance

Metal Matrix Composites

LI Zan, ZHANG Di
(State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: One of the most important way to improve the properties of metals is forming composites. Metal matrix compos-
ites possess the superiorities in mechanical and functional properties, such as high specific strength, high specific stiffness,
and low thermal expansion coefficient, making them be ideal candidates in many cutting-edge-technologies. The incorpora-
tion of high-performance reinforcement in metal matrix will, undoubtedly, lead to significant increments in mechanical and
functional properties. However, as constrained by the nature of engineering materials as well as the traditional design approa-
ches, metal matrix composites are facing the challenges of limited development motivation. New design strategies and routes
must be developed to address this issue. We here come up with a concept of “self-stimulation effect” in metal matrix com-
posites to create new deformation and physical features via the composite effect, leading to unprecedented properties that well
beyond those obtained from the traditional “rule-of-mixtures”. We review some of the literatures on this field, mainly focus
on mechanical and functional properties, to demonstrate the crucial role of self-stimulation on the achievement of excellent
properties. This review is ended with some in-depth discussion on the further development of metal matrix composites.
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Fig. 1 The microstructures and mechanical properties of magnesium matrix composites containing dense SiC nanoparlicles[zﬂ : (a) cross-

sectional scanning electron microscopy ( SEM) image showing the microstructure of the composite; (b) an-enlarged overview of the

microstructure; (c¢) micro-pillar compression stress-strain curves for the composite and metal matrix; (d) transmission electron mi-

croscopy (TEM) characterization of the deformed microstructure (note: dislocations are {1011} activated on pyramidal planes)
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Fig. 2 The microstructures and mechanical properties of nanocarbon reinforced nanograined copper[zx]; (a) TEM image showing the

nanograined microstructure of the composite; (b) an-enlarged overview of the microstructure, where the intragranularly and intergranu-

larly distributed carbon nanoparticles are indicated by white and red arrows, respectively; (c¢) electron energy loss spectroscopy

(EELS) of the selected region in Fig. 2b; (d) tensile properties of composites with various contents of nanocarbon; (e, f) molecular

dynamics (MD) simulations of deformation mechanisms
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The microstructures and mechanical properties of graphene-Cu composites with low-energy boundary energy' !, (a) TEM
image showing the sandwiched microstructure of graphene (reduced graphene oxide, RGO)-Cu composite; (b) differential
scanning calorimetry ( DSC) tests to measure the boundary energy of composites and copper matrix; (c¢) molecular dynamics
simulations to identify the boundary energy of composites and copper matrix; (d) high-resolution TEM images showing the
deformed interfacial microstructure of the composite, where dislocations are found to be blocked and accumulated at the inter-
faces; (e) tensile stress-strain curves of composites and Cu matrix, showing a simultaneous enhancement of yield strength

and uniform elongation of the composite
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(€) Jiax vs- line width plots for the composite and control Cu lines'
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The superior thermal properties of graphene-Cu composites[42‘ 2], (a) Raman spectrum of graphene-Cu foils as obtained by chemical vapor
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py data, (f) thermal conductivities of graphene-Cu composites and Cu nanowires with various dimensions"**!
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