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Microstructure and Mechanical Properties of A356 Alloy Reinforced by In Situ
(TiB,+ZrB,) Nanoparticles and Sb
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Abstract . In this paper, in situ nanoparticles (TiB,+ZrB,) and Sb are introduced simultaneously into A356 aluminium alloy
to improve the mechanical properties of the material through the synergistic effect arising from the reinforcement of the
matrix by the nanoparticles and the enhancement of particle dispersion by Sb. The introduction of (TiB,+ZrB,) particles
alone has been shown to refine the a-Al matrix and reduce the secondary dendrite arm spacing. However, the presence of
heavy agglomerates in composites can affect their performance. To address this issue, Sb is introduced to reduce the
interfacial energy between the nanoparticles and the Al matrix, leading to a significant improvement in the agglomeration
phenomenon of the nanoparticles. The synergistic introduction of in situ (TiB,+ZrB,) nanoparticles and Sb results in a
substantial increase in the strength and plasticity of the composites compared to those of the A356 matrix. The tensile
strength, yield strength, and elongation of the as-cast composites reach 216.4 MPa, 119.7 MPa, and 7.2%, respectively,
when the introductions of (TiB,+ZrB,) and Sb are 3 wt. % and 0.6 wt. %, respectively, which are 29.7%, 23.5%, and
84.6% greater than the performance of the A356 matrix, respectively.
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Tab.1 Chemical composition of A356 alloy
(mass fraction/%)

Element Si Mg Fe Ti Al

Content 7.06 0.31 0.13 0.11 Bal.
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Fig.1 XRD patterns of the 3 wt. %(TiB,+ZrB,)/A356
composite



+358-

FOUNDRY TECHNOLOGY

Vol.45 No.04
Apr. 2024

3K, ZrF+6KBF +10A1=3ZrB,+9K AIF + K,AlF, (7)
2 M 3%(TiB;+ZrB,)/A356 & & 41Kl SEM K
M EDS Wi &, & 2a 7T, & A R A7 7R BURE
A% 1E 2d~f Hoa] LT i A 20 B0RE A R oo R %2
M Ti.Zr fil B OCE AR, 456 XRD K Al L) b
A356 5A AR T TiB, 1 ZrB, ik,
3 SN A [A) R 2 e (TiB+ZrB,)/A356 & A5 4
B TOVIE 30 LA B Ry FR IO &, M R AT DL 213
SeR R R A i A SRR AR, B RO
AR R B R AR RT3 R R 3
SeAT AT ih, B TSR 2 R AR AR Ty 3 W
JE A Az BB B2 G B R B SR ORI e A AT SR R

[ oA 5 B 09 2 G MR8 SOV TR S A BT A TRD A
JR R R A Y B ORI, 526 BRI R
14 VAT SRAG ) A BT B, A JORE Y SF- 1 RT i il 2
. YA RN 4%, & AR RS ORI R
JUHE A LIRS B . N 4 ATV S
3%, F A A N ERASURL AT SR A 1) AT X R R
RE Y

Pl S S A [ UKL £ it (1 (TiB,+ZrB,)/A356 2 &
MOEHY OM B, AT LLE th, REAL IR A356 & 4t
AR IR A a-AL A, YRBE b 8] B (secondary
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Fig.2 3 wt. %(TiB,+ZrB,)/A356 composite: (a) SEM image; (b~f) EDS maps of Al, Si, Ti, Zr, B

&l 3 AR UKL 5 4 (TiB,+ZiB,)/A356 54 MR OWIE 55 DL K Jm TSR 1 < (a) 0% (b) 2%, (¢) 3%; (d) 4%
Fig.3 Microstructures of the (TiB,+ZrB,)/A356 composites with different particle contents and local magnifications: (a) 0 wt. %;
(b) 2 wt. %; () 3 wt. %; (d) 4 wt. %
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Fig.4 Average particle diameter of the (TiB,+ZrB,)/A356
composites with different particle contents
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Fig.5 OM images of (TiB,+ZrB,)/A356 composites with different particle contents: (a) 0 wt. %; (b) 2 wt. %; (c) 3 wt. %; (d) 4 wt. %
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Fig.6 SDAS of the (TiB,+ZrB,)/A356 composites with different
particle contents
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7 AIA Sb & 1 (TiB,HZiB,)/A356 & & M B G 5 0RL SEM 4] : (a) 0%; (b) 0.4%; (c) 0.6%; (d) 0.8%
Fig.7 SEM images of reinforced particles in (TiB,+ZrB,)/A356 composites with different Sb contents: (a) 0 wt. %; (b) 0.4 wt. %;
(c) 0.6 wt. %; (d) 0.8 wt. %
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Tab.2 Tensile properties of the different specimens

) Tensile strength Elongation
Specimen strength
/MPa /%
/MPa
A356 166.8+4 96.9+5  3.9+0.4
3%(TiB,+ZrB,)/A356 204.6+5 1052+5  6.3+0.4
3%(TiB,+ZrB,) +0.6%Sb/A356 216.4+2 119.7+4  7.2+0.3

[ 8 ARG AR B I J7 -1 72 i 2% < (a) AN [6) &5 4 (TiB,+ZiB,) WUk 5 (b) S 4 o3

Fig.8 Stress-strain curves of different specimens: (a) particles with different contents(TiB,+ZrB,); (b) optimum component
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Fig.9 Fracture morphology of specimens with different compositions: (a) A356; (b) 3 wt. %(TiB,+ZrB,)/A356;
(c, d) 3 wt. %(TiB,+ZrB,)+0.6 wt. %Sb/A356
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