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Table 1  Chemical composition of AlSilOMg alloy

powder (mass fraction, %)

Al Si Mg Ti 0

Bal. 9.0-11.0  0.2-0.45 0.15 <0.10
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Fig. 1 SEM images of two kinds of powder: (a) AlISilOMg powder; (b) (TiC+SiC)/AlSil0OMg composite powder;
(c) Magnification of Fig. 1(b); (d) Particle size distribution of (TiC+SiC)/AlSi10Mg composite powder

2 SO. S1 Ml S2 It SEM &
Fig. 2 SEM images of SO(a), S1(b) and S2(c) surfaces
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Fig. 3 Grain orientation distribution maps((a), (b), (c)) and grain size distribution maps((a’), (b"), (c¢')) of SLM formed

samples: (a), (a’) SO; (b), (b") S1; (¢), (c') S2
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Fig. 4 SEM images of longitudinal section of SLM formed samples: (a), (b), (c) SO; (d), (e), (f) S1; (g), (h), (i) S2
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Fig. 5 XRD patterns of SLM formed samples
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Fig. 6 TEM images of S2 composites samples: (a) Microstructures of S2 samples; (b) TiC; (¢) HRTEM image of Mg,Si;
(d) Short rod-like Al,C;; (e) Interface between SiC and Al matrix; (f) Twin Si
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sample after wire cutting(b), and data graph of tensile
performance (c)
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Fig. 8 Morphologies of tensile fracture of SLMed samples: (a), (b), (c) SO; (d), (e), (f) S1; (g), (h), (i) S2

PR RS R, JLMEEL 1.14X 1014 m P75 45
Aoy, =40 MPa.

4) AT T SiC A TiC (1 FE A s 45
HO TR, 52O IE I, B IR
2 SiC A TiC kL, M2 m & AR i o
FE o ORI ARERA R 77 S 2 (5P
O = 0.5(F 5 +Viic)o ys,AISi10Mg (5)
O s aisiione =260 MPa, Ay AlSi10Mg 514 ) e IR 52,
% Ao, =3 MPa.

GE LT, w5 AR i R R R,
SiC/TiC VR 7% 3G iR 5E 5 G PRH i JIR o FE 1 ]
FKIRN:

2 2 2 2 __
A= \/(O-Hall»Petch) + (O-Orowan) + (O—CTE) + (O—load) -

55 MPa
LIRS RRY], ZIE AR S2 JEARGR ALY

TN SEBREE RIEAW) &

3.2 ZEBHHRESE

SIC/TiC R 2% 39 98 81 2 B2 & 4 RL I A 0
(9.7+0.4)%, AALL T AlSil0Mg & 4 FlH— SiC 354
(¥ AlSiloMg RA&MEL #AUEKMIRT. 0T
(TiIC+SICY/AISi10Mg H &KL, FIBE A P 3 22
SRR AL . TIC IR A 5 25 4 B S 4
e, MR EFRZ RIS, SRS A X
$y5)e JLUR, BRI SRS FR AR S e A8 55l
B R SRR 2

4 ZEip

1) £ SLM e, TiC P& BRifE N7
FIEAZT, ARME a(AD)BIRAEL 2 A%, SRIG40/N



2444

hEA O RYR

2021 429 H

RISEsh kL, S R G MREE .

2) SiC F1 TiC A ] P2 A 40 df AL . Orowan

SRR AR SR s AERFIERE T, B 1534 2
FREf P2 AR P A 5 B e Y g R, BELAS AR REAA TR AL
K1, AT 52 s bR 5

3) TiC A1 SiC FUREA Wk Rl 3G s A A, (TiC+

SiC)/AISi10Mg & & 1Rk 28 v A 5k FE #4045 21— &
FEREMIETE

REFERENCES

(1]

(3]

[5]

(6]

(7]

Tk, Ay, Qb & EvEReE )R TR EOG G
G FRERE[T]. FiS G R, 2016(22): 16-22.
ZHANG An-feng, LI Di-chen, LIANG Shao-duan, et al.
Development of laser additive manufacturing of high-
performance metal parts[J]. Aeronautical Manufacturing
Technology, 2016(22): 16—22

ROCHE, WK 5, AT, SR SRR LY G

TZHE A FEIURD]. B EL ), 2016, 48:

693-697.

WU Wen-heng, ZHANG Liang, HE Bei-bei, et al. Current
status of research on computer simulation of selective laser
melting additive manufacturing process[J]. Physical and
Chemical Test Physical Classification, 2016, 48: 693—697.

OB EFEEROUS L RTE &R E AR D). K
P BRI, 2012.

WANG Li. Research on the performance in selective laser
melting of metallic part[D]. Wuhan: Huazhong University of
Science and Technology, 2012.

IBR, SRFTH. BREESSMRERED]. TEGOSE
24), 2019, 29(9): 2115-2141.

DENG Yun-lai, ZHANG Xin-ming. Development of
aluminium and aluminium alloy[J]. The Chinese Journal of
Nonferrous Metals, 2019, 29(9): 2115-2141.

TOPCU I, GULSOY HO, KADIOGLU N, et al. Processing
and mechanical properties of B4C reinforced Al matrix
composites[J]. Journal of Alloys and Compounds, 2009,
482(1/2): 516-521.

SMITH A V, CHUNG D D L. Titanium diboride
particle-reinforced aluminium with high wear resistance[J].
Journal of Materials Science, 1996, 31(22): 5961-5973.
TSAI Yu-chou, CHOU Chen-yu, LEE Sheng-long, et al.

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Effect of trace La addition on the microstructures and
mechanical properties of A356 (Al-7Si-0.35 Mg) aluminum
alloys[J]. Journal of Alloys and Compounds, 2009, 487(1/2):
157-162.

mAEE, £ O3, ML, & RABRH AT S
BHRFFBERE[T]. #RiR 4 Tolk, 2019, 29(3): 1-7.

GAO Hong-xia, WANG Meng, FAN Jiang-lei, et al
Research progress of hybrid particle reinforced aluminum
matrix composites[J]. Powder Metallurgy Industry, 2019,
29(3): 1-7.

WANG P, ECKERT J, PRASHANTH K, et al. A review of
particulate- reinforced aluminum matrix composites
fabricated by selective laser melting[J]. Transactions of
Nonferrous Metals Society of China, 2020, 30(8):
2001-2034.

LI C G SUN S, LIU C M, et al. Microstructure and
mechanical properties of TiC/AlSil0Mg alloy fabricated by
laser additive manufacturing under high-frequency
micro-vibration[J]. Journal of Alloys and Compounds, 2019,
794: 236-246.

KARBALAEI A K, BAHARVANDI H R, MIRZAEE O.
Fabrication of nano-sized Al,Os reinforced casting aluminum
composite focusing on preparation process of reinforcement
powders and evaluation of its properties[J]. Composites Part
B, 2013, 55: 426-432.

ESKANDARI H, TAHERI R, KHODABAKHSHI F.
Friction-stir processing of an AA8026-TiB,-Al,O3 hybrid
nanocomposite: Microstructural developments and mechanical
properties[J]. Materials Science and Engineering A, 2016,
660: 84-96.

LI C G SUN S, ZHANG Y F, et al. Effects of laser
processing parameters on microstructure and mechanical
properties of additively manufactured AlSil0Mg alloys
reinforced by TiC[J]. The International Journal of Advanced
Manufacturing Technology, 2019, 103(5/8): 3235-3246.
XUE G, KE L D, ZHU H L, et al. Influence of processing
parameters on selective laser melted SiC,/AlSil0Mg
composites: Densification, microstructure and mechanical
properties[J]. Materials Science and Engineering A, 2019,
764: 138155.

KWON H S, LEE G G, KIM S G, et al. Mechanical
and multi-walled carbon

properties of nanodiamond

nanotubes dual-reinforced aluminum matrix composite



31 BE W

BB, 5 BOLRXIEL I TiC/SIC PRI SRR S A AR LU e 5 SR AL AR

2445

[16]

[17]

(18]

[19]

(20]

(21]

materials[J]. Materials Science and Engineering A, 2015, 632:
72-717.

ZHANG X Z, CHEN T J, QIN Y H. Effects of solution
treatment on tensile properties and strengthening mechanisms
of SiCy/6061Al composites fabricated by powder
thixoforming[J]. Materials & Design, 2016, 99: 182—192.
TOOZANDEHJANI M, OSTOVAN F, JAMALUDIN K R,
et al. Process-microstructure-properties relationship in
Al-CNTs-Alb,O3 nanocomposites manufactured by hybrid
powder metallurgy and microwave sintering process[J].
Transactions of Nonferrous Metals Society of China, 2020,
30(9): 2239-2254.

XI|—HfE. Ti BIKL 5 SiC, W R sen S SR H LR 5
SRALHLERRTFE[D]. )M I TR, 2015.

LIU Yi-xiong. Microstructure, property and strengthening
mechanism of aluminum matrix composites synergy
reinforced by Ti particles and SiC,[D]. Guangzhou: South
China University of Technology, 2015.

¥ . BE S BOtE K SRR AT DR S S e i
JE[D]. FEAG: BEMUEAIR K, 2019.

YANG Ying. Simulation and experimental study on
absorption behavior of aluminum alloy based on selective
laser melting[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2019.

T 3CHI. CNTs/SiCy, IR 15 2024 FRRAE AR AL
PEREWTFL[D]. MA/RIE: MR/RIE T K2, 2013,

YU Wen-gang. Study on the structure and properties of
CNTs/SiCy, hybrid reinforced 2024 aluminum matrix
composites[D]. Harbin: Harbin Institute of Technology, 2013.
WANG Min, SONG Bo, WEI Qin-song, et al. Improved
mechanical properties of AlSi7Mg/nano-SiC, composites
fabricated by selective laser melting[J]. Journal of Alloys and

Compounds, 2019, 810: 151926.

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

AMMOURI A H, KRIDLI G, AYOUB G, et al. Relating

grain size to the Zener—Hollomon parameter for

twin-roll-cast AZ31B alloy refined by friction stir
processing[J]. Journal of Materials Processing Technology,
2015, 222: 301-306.

PEREZ-BUSTAMANTE R, GOMEZ-ESPARZA C D,
ESTRADA-GUEL 1, et al. Microstructural and mechanical
characterization of AI-MWCNT composites produced by
mechanical milling[J]. Materials Science and Engineering A,
2009, 502(1/2): 159-163.

O, R AR RSB AR Bk, 2010,
46(11): 1422—-1427.

LU Lei. Metallic materials with nano-scale twins[J]. Acta
Metallurgica Sinica, 2010, 46(11): 1422—-1427.
GUTIERREZ-URRUTIA I, MUNOZ-MORRIS M A, MORRIS
D G et al. Contribution of microstructural parameters to
strengthening in an ultrafine-grained Al-7% Si alloy
processed by severe deformation[J]. Acta Materialia, 2007,
55(4): 1319-1330.

ZHANG Z, CHEN D L. Prediction of fracture strength in
ALO3/SiC, ceramic matrix nanocomposites[J]. Science &
Technology of Advanced Materials, 2007, 8(1/2): 5—-10.
AMIR H, CARTER B, BABAKSHALCHI A, et al
Strengthening mechanisms in direct metal laser sintered
AlSilOMg: Comparison between virgin and recycled
powders[J]. Additive Manufacturing, 2018, 23: 108—120.
SHAHA S K, CZERWINSKI D, CHEN D L, et al
Dislocation slip distance during compression of
Al-Si-Cu-Mg alloy with additions of Ti-Zr-V[J]. Materials
Science and Technology, 2015, 31(1): 63—72.

KUMAR N, MISHRA R S. Additivity of strengthening
mechanisms

in ultrafine grained Al-Mg-Sc alloy[J].

Materials Science and Engineering A, 2013, 580: 175—183.



2446 o EA 4R AR 2021 49 A

Microstructures, properties and strengthening mechanism of
TiC/SiC synergistically reinforced aluminum matrix composites by
selective laser melting

HONG Xu-chao, LIU Yun-zhong, HUANG Bin

(National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: The hybrid particles reinforced aluminum matrix composite material has excellent mechanical properties,
which a single nanoparticle reinforced aluminum matrix composite does not have, through the synergy of the
reinforcement phases. In this study, the TiC/SiC hybrid particle reinforced AlSilOMg composite material was
prepared by selective laser melting (SLM) technology. The effects of TiC and SiC particles on microstructures and
mechanical properties of composite materials were studied through EBSD, SEM, TEM and tensile tests. The results
show that the addition of TiC changes the structure of the (TiC+SiC)/AlSil0Mg composite from coarse columnar
grains to fine equiaxed grains, and the average grain size of the aluminum matrix is only 4.27 um. The interface
reaction between SiC and the aluminum matrix produces a small amount of rod-like Al,C; and Si, and the interface
is well bonded. The (TiC+SiC)/AlSi10Mg composite prepared by SLM has excellent mechanical properties. Its
elongation and tensile strength are (9.7%+0.4)% and (488+8) MPa, respectively. Compared with those of
AlSi10Mg alloy prepared by SLM, they are improved by 19.8% and 22.0%, respectively. The increment in strength
and plasticity of TiC/SiC hybrid reinforced aluminum matrix composites is the result of multiple strengthening
mechanisms. It provides a technical reference for the use of selective laser melting and forming of
high-performance aluminum-based composite materials and their applications. It has important research
significance and application value.

Keywords: SLM; hybrid particles; aluminum matrix composites; strengthening mechanism
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