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Table 1 Chemical composition of AISi10Mg powder (wt%)

Si Mg Mn Fe Ni o Al
9.0-11 0.25-0.45 <045 <055 <05 <0.1 Bal.
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Fig.1 Design drawings and physical images of AlSilOMg structures

with different frame thicknesses: (a) 0.3 mm, (b) 0.4 mm, and

(c) 0.5 mm
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Fig.2 Schematic diagram of the pressure infiltration experimental

apparatus
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Fig.5 Macromorphology of HEA /AI-Al composites with a frame
thickness of 0.3 mm (a) and XRD pattern of HEA,/Al (b)
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Fig.6 Microstructure of HEA /Al-Al composites with a frame thickness of 0.3 mm (a), aluminum alloy printed frame (b), and microstructure of
HEA,/Al (c)
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Table 2 Mechanical properties of HEA /AI-Al composites with

different frame thicknesses

Frame Bending Compressive  Compression
thickness/mm strength/MPa  strength/MPa ratio/%
0.3 198 375 8.0
0.4 208 340 11.3
0.5 228 385 20.8
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Fig.7 Typical fracture morphology of three-point bending specimens of HEA_/Al-Al composites (a), fracture surface of the HEA /Al layer (b),

and (c) fracture surface of the Al Layer

;

Pebondiig
Multiple

Main crack

L
1
1
!

-

-
SSSSnaloe

Debondihg

i
i
¥
[
v
1
1
[}
I
i
\,

v
4

~.

Debondi?ig :

v

L

Mu ltipl‘_e“ _crabk

1300 pum

8 HEALE A F ) HEA/AL-AL S A M B = i B I R8T R #6545
Fig.8 Crack propagation paths during three-point bending tests of HEA/AI-Al composites with different frame thicknesses: (a, d) 0.3 mm;

(b, e) 0.4 mm; (c, f) 0.5 mm



6 W]

RIS SLM-JE 1R B 2 2 R I B A M R R8T

e 1571

s, XU REE I B L AR A AR R SUR A% 1
PR AR T OB AE R, K 8d~8F B ML 5 3 2 RAL
IS MRS 1 %0 R RGHE 2k E R B A% i T
REEAEAL, 32T T AWM EINSTS s S50k, HS5AHC
WEFEEE AR B0, SR, P v R it 22 L B 5 e B
R, UL EL S IG5 A oR A AL , By A8 v N )T R A BB
R ORI RHE RESR T K S i
3.5 R REIBIRITRI

K19 Jy4E T Abaqus B ) = 55 i R G0 R AL
g5 5. B AR BN 0.3~0.5 mm 145 4 6 B IE A 1
(Gl 8 5 R~F 2 3.2 mmx 1.6 mm () 55 8 7 42 38 58 (1
BT, R 0E 5 = s 2 il (ke — 8. Bl
R ALY W i e R AR IR A LA RS e Il v T
W) HER S B R LW 1R 2 T2 52 (1 6 0 T A2 2% 3 o
(B ORLGERD . HILFN, t1 T4 58 A 5 2 A 2 18] ¢
THT 45 75 5 AT B » AU F T Ak By B PE TR B 5 (151 9 ¢
SUmF Y e . LWIMER RN 0.3 mm (2 & 44 k25
1 (&1 9a) , 75725 il 384 51 FI A 1] RS VE TR, REL
0 TR e el e J R E TR BT MR IR T AR 2
JERIG SRR BEN 3R A REUH AR R AR, IR SR 4 )2
FOHYRE s H AR 5 R RS e A Bt B R, R

Crack deflection/

Crack direction extension

v

Final fracture

a

SDEG

Average: 75%
+1.000
+9.167%10°!
+8.333x10°1
+7.500%10°1
+6.667%10°!
+5.833x10°1
+5.000%10°!
+4.167x10°!
+3.333x107)
+2.500%10°!
+1.667x10°!
+8.333%102
0.000

9 RIFIHESE 5 FE I HEA/AL-AL A FRL = 2 ih R 0 e st
SR

Fig.9 Simulation results of three-point bending crack propagation
in HEA,/AI-Al composites with different frame thicknesses:
(a) 0.3 mm, (b) 0.4 mm, and (c) 0.5 mm
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Failure Behavior of Layered Aluminum Matrix Composites Fabricated
by SLM-Assisted Pressure Infiltration

Zhu Hongfei, Zhu Dezhi, Jiao Ganqing, Li Xiaoqgiang, Yang Chao
(Guangdong Key Laboratory for Metallic Materials Processing, School of Mechanical and Automobile Engineering,
South China University of Technology, Guangzhou 510640, China)

Abstract: Inspired by the nacreous structure of shells, layered HEA,/Al-Al composites with varying framework thicknesses (0.3, 0.4, and 0.5 mm)
were fabricated using selective laser melting (SLM) combined with pressure infiltration. The results indicate that the layered composites exhibit an
intact internal structure, and a well-bonded interface between the reinforcement phase (HEA,/Al) and the aluminum matrix, without the formation
of interfacial reaction products. With increasing framework thickness, the flexural strength of the composites significantly improves, while the
compressive strength decreases first and then increases. Additionally, the compressibility is notably enhanced. Among them, the composite with a
0.5 mm framework shows the best overall performance, with a flexural strength of 228 MPa, a compressive strength of 385 MPa, and a
compressibility of 20.8%. Three-point bending tests reveal that the layered HEA /AI-Al composites exhibit a mixed ductile-brittle fracture mode,
primarily characterized by the debonding of high-entropy alloy particles and tearing of the aluminum matrix, with the main crack propagating
perpendicular to the aluminum framework. An increase in framework thickness leads to longer crack deflection paths, while mechanisms such as
multi-crack propagation and microcrack diffusion effectively suppress the propagation of the main crack, thereby enhancing the overall strength
and toughness of the composite. Finite element simulation results are consistent with experimental observations, confirming the inhibitory effect
of the framework structure on main crack propagation. This study provides theoretical support for the structural design and mechanical
performance optimization of heterogencous composite materials.

Key words: shell-like pearl layer; selective laser melting forming; pressure infiltration; mechanical properties; finite element simulation
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