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Investigation of Interfacial Micro-Zone Deformation Mechanisms
in SiC/Al Composites
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Abstract: This study successfully fabricated SiC particle-reinforced 2024Al matrix composites using vacuum
hot-pressing sintering. Through microstructural characterization, the structural features of SiC/Al interfaces and
typical crystallographic orientation relationships were investigated. Based on molecular dynamics simulations, the
microscopic deformation mechanisms of low-index SiC(0001)/Al(111) interface configurations were thoroughly
elucidated. The results demonstrate that the SiC(0001)/Al(111) interface configuration exhibits high yield strain and
yield stress. Atomic-scale evolution analysis revealed the formation of a unique trigonal pyramid-shaped
Lomer-Cottrell (L-C) dislocation lock structure at the interface during deformation, which consists of three fixed
stair-rod dislocations and three stacking faults. Compared to conventional L-C dislocation locks, this geometrically
distinctive dislocation lock possesses higher structural stability, effectively pinning at the interface and serving as a
physical barrier against crack propagation, thereby promoting ductile fracture characteristics in the material.
Furthermore, cracks nucleate and propagate in the aluminum matrix near the Al-Si interface region.

Keywords: SiC/Al composites; interface; deformation mechanism; molecular dynamics
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Tab. 1 Chemical composition of 2024 Al alloy powder (wt.%)

Alloy Cu Mg Mn Si Al

2024Al 4.0 1.5 0.5 0.23 Bal.

(2)2024A1 B&HR; (b)SIC JRL; ()X Bi(b) B4 +h5
LT EST: (d)SIC Bk =34
E1 EMALRER

Fig. 1 Microstructural morphology: (a) 2024Al powder; (b) SiC

particles; (c) elemental analysis corresponding to the red
crosshair cursor in (b); (d) high-resolution image of SiC particles
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Fig. 2 SiC(0001)/Al(111) interface model: (a) three-dimensional
atomic structure; (b) magnified view of the Y-Z plane
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Tab. 2 Potential parameters for Si-Al and C-Al atomic interactions

Parameters ~ D(eV) a(1/A) ro(1/A)
Si-Al 0.482 1.322 2920
C-Al 0.469 1.738  2.246
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Fig. 3 Microstructure and elemental distribution of
acid-washed SiC/2024A1 HADDF-STEM image
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Fig. 4 Atomic structure of the interface in acid-washed
SiC/2024Al
(a) High-resolution HRTEM image; (b1)~(d1) correspond to the
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Fig. 5 Tensile response of the SiC(0001)/Al(111) composite
configuration
(a) tress-strain curve; (b) dislocation density
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Fig. 6 Analysis of atomic structure evolution of the SiC(0001)/Al(111) composite configuration under different strains: (a1)-(e1) shear
strain; (a2)-(e2) CSP; (a3)-(e3) DXA
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Fig. 9 Atomic structure of L-C locks: (a) regular L-C lock; (b)
special L-C lock
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