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Abstract: Ceramic-reinforced aluminum-based composites are ideal materials for lightweight structural parts.
However, as the content of the ceramic reinforcement phase increases, the toughness of the composites will de-
crease, resulting in a decrease in the safety of the composites during service. Therefore, how to achieve the match-
ing of high strength and toughness of composite materials is a problem that has always existed in the preparation of
ceramic reinforced aluminum matrix composites. According to the idea of bionics, the nacre-inspired TiB,/Al-Cu
composites with different ceramic initial solid contents (20vol%, 30vol%, 40vol%) were successfully prepared by
freezing casting and pressure infiltration. The microstructures and mechanical properties of nacre-inspired TiB,/Al-
Cu composites were studied by optical microscopy (OM), scanning electron microscopy (SEM), X-ray diffraction
(XRD) and mechanical testing. The experimental results show that with the increase of the initial solid content of

the ceramic, the thickness of the ceramic sheet in the composite material increases, while the thickness of the metal
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sheet layer decreases. The compressive strength of the composite material is improved, but the bending strength

and fracture toughness decrease. The nacre-inspired TiB,/Al-Cu composites with 20vol% ceramic initial solid con-

tent has the better fracture toughness, reaching (20.59+1.5) MPa-m'. The nacre-inspired TiB,/Al-Cu composites

with 40vol% ceramic initial solid content has the better compressive strength, reaching (670+20) MPa. This is

mainly because as the initial solid content of the ceramic in the composite material increases, the nacre-inspired

composite material are more prone to interface delamination, the toughening effect of the layered composite mate-

rial through alloy plastic deformation is weakened. At the same time, the toughening effect of crack deflection, inter-

face peeling, and crack branching is reduced.

Keywords: nacre-inspired composites; freezing casting; pressure infiltration; microstructures; mechanical

properties
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Fig.1 Schematic diagram of the freeze casting process
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Fig.3 SEM image (a) and EDS mappings ((b)-(g)) of the TiB,/Al-Cu composites corresponding with 30vol% ceramic initial solid content
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Fig.4 Optical microscope images of nacre-inspired TiB,/Al-Cu composites with different ceramic initial solid contents: (a) 20vol%; (b) 30vol%; (c) 40vol%
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®2 AEMEVRERESE TiB,/Al-Cu BRESMHIE BT R EBHRERBEILREEE SHE (AMCs) 13 HERE
Table 2 The mechanical properties of nacre-inspired TiB,/Al-Cu composites with different ceramic initial solid contents and
the other reported nacre-inspired lamellar structure AMCs

Alloy Direction ~ Compressive strength/MPa Bending strength/MPa Breaking tenacity Kic /(MPa-m'"?) Ref.

0vol% TiB,/Al-Cu - 41010 - - In this study
20vol% TiB,/Al-Cu  Longitudinal 56045 574+4 20.59+1.5 In this study
30vol% TiB,/Al-Cu  Longitudinal 615+8 5782 20.32+1.15 In this study
40vol% TiB,/Al-Cu  Longitudinal 670+20 551+15 14.13+1.3 In this study
18vol% TiC/Al Longitudinal - 355 13.6 [20]
35vol% Al,O5/Al Longitudinal - 345 17 [27]
30vol% Al,03/6 061 Longitudinal 538-854 278-350 7.6-9.2 [28]
30vol% TiB,/Al-Si  Longitudinal 710 629 16.4 [25]
20vol% SiC/ZL205A Longitudinal — 760+10 14.7+0.3 [29]
30vol% SiC/ZL205A Longitudinal — 626+12 12.9+0.6 [29]
40vol% SiC/ZL205A Longitudinal — 44515 7.3£0.4 [29]

®

&l 6 AP EERI 4R A B TiB,/Al-Cu JZIRE A MRS hEERT D ESE . ((@). (b)) 20vol%; ((c). (d))30vol%; ((e). (f))40vol%

Fig.6 Fracture surfaces of the samples after bending tests of the nacre-inspired TiB,/Al-Cu composites with different ceramic initial solid contents:
((a), (b)) 20vol%; ((c), (d)) 30vol%; ((e), (f)) 40vol%
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Fig.7 Crack propagation path of SENB sample of nacre-inspired TiB,/Al-Cu composite with different ceramic initial solid contents:
((a), (b)) 20vol%; ((c), (d)) 30vol%; ((e), () 40vol%
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