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Table 1 Chemical composition of alloys ~— wg/%

G4 Si Fe  Zn 0 Al

Al-20Si (20Si) 20.54 0.205 0.007 0.003 4
Al-20Si+0.5%2Zn0 (20SiR) 20.12 0.213 0.257 1.231 4

(a) B YUR R

(b) FrfhisthR i lEl

Bl IR e
Fig. 1 Schematic of casting mold and tensile test rod

(a)-(c) Al-20Si;
El2  Al-20SiF0AI-20Si-0.5ZnOfMMALI
Fig. 2 Optical micrographs of Al-20Si and Al-20Si-0.5ZnO

(d) - (f) AI-20Si-0.5ZnO
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Fig. 3 Histogram representation of the average size of primary
Si particles
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Fig. 4 SEM image of Al-20Si-0.5Zn0O alloy and EDS spectral mapping of chemical elements
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Table 2 Mechanical properties of alloys

4 PrhisE/MPa  JEIRSEEE/MPa iR /%
Al-20Si 99.61+3.2 737621  0.60+0.04
Al-20Si-0.5Zn0 13247 + 4.3 7997+13  3.80+0.09

s [0

(b) AI-20Si-0.5ZnO

E5 MR
Fig. 5 Fracture morphology

3 #hie

(1) ZnOHKEKLINANAI-20Si, BIEIRSARH)RSIFNZE ARSI . MR SIBRL R 2RE T NS EAIRTLR

N, HagSMBENRZE.

(2) Al-20Si-0.5Zn0O& & #IESIFH AITF IR T ELVAI-20SIHY/N\3 ~ ME A£G ; HESIBERNAYHAW .
(3) AI-20SifHI0N0.5Zn0f5, ERffEHKZERH0.6% -FE3.8%, FHLISEALA; FhineEMEREES 5

_FFF33%F18%



Fg—-"
{EL% Founorey BEBEE Vol.69 No.7 2020

SEH:

(1]
(2]
(3]
(4]
(5]
(6]
(7]

(8]
(9]

ORLOWICZ AW, TUPAJ M, MROZ M, et al. Combustion engine cylinder liners made of Al-Si alloys [J]. Arch. Foundry Eng., 2015
(2): 71-74.

JAVIDANI M, LAROUCHE D. Application of cast Al-Si alloys in internal combustion engine components [J]. Int. Mater. Rev. , 2014, 59
(3) : 132-158.

ZOLOTOREVSKY V'S, BELOV NA, GLAZOFF M V. Casting Aluminum Alloys [M]. Elsevier, Oxford, 2010.

RIOSCT, CARAM R, BOLFARINI C. Intermetallic compounds in the Al-Si-Cu system [J]. Acta Microsc, 2003 (12) : 77-81.

ALEXOPOULOS N, PANTELAKIS S G. Evaluation of the effects of variations in chemical composition on the quality of Al-Si-Mg, Al-
Cu, and Al-Zn-Mg cast aluminum alloys [J]. J. Mater. Eng. Perform., 2003 (12) : 196-205.

WANG E, HUI X, CHEN G. Eutectic Al-Si-Cu-Fe-Mn alloys with enhanced mechanical properties at room and elevated temperature [J].
Mater. Des., 2011, 32: 4333-4340.

MANASIEVIC S, RADISA R, MARKOVIC S, et al. Thermal analysis and microscopic characterization of the piston alloy

AlSi;;Cu,Ni,Mg [J]. Intermetallics, 2011, 19: 486-492.

GASKELL D R. Introduction to the thermodynamics of materials 5th edition [M]. CRC, 2008.

DURAI T G, DAS K, DAS S. Synthesis and characterization of Al matrix composites reinforced by in situ alumina particulates [J]. Mater.
Sci. Eng. A, 2007, 445-446: 100-105.

[10] CHEN G, SUN G X. Study on in situ reaction-processed Al-Zn/ o -Al,O; (p) composites [J]. Mater. Sci. Eng. A, 1998, 244: 291-295.
[11] MALEKI A, PANJEPOUR M, NIROUM B. Mechanism of zinc oxide-aluminum aluminothermic reaction [J]. J Mater. Sci., 2010, 45:

5574-5580.

[12] BALADIN A A. Thermal properties of graphene and nanostructured carbon materials [J]. Nat. Mater., 2011 (10) : 569-581.
[13] YANG Z W, NIU LY, MA ZH, etal. Fabrication of highly active Sn/W mixed transition-metal oxides as solid acid catalysts [J].

Transition Metal Chemistry, 2011, 36 (3) : 269-274.

Effects of Nano-ZnO Particles on Microstructure and Properties of
Hypereutectic Al-20Si Alloy

GU Wei-Iu', LU Cong-xiang', SUN Yu?, ZHOU Peng—fei'*®

(1. Yancheng Vocational Institute of Industry Technology, School of Automotive and Transportation, Yancheng 224005,
Jiangsu, China; 2. Yancheng Institute of Technology, Material science and Engineering School, Yancheng 224051, Jiangsu,
China; 3. Soochow University School of Iron and Steel, Suzhou 215100, Jiangsu, China )

Abstract:

To study how nanoparticles affect the morphology of the Si phase during the solidification. 0.5wt.% ZnO
nanoparticles was added into Al-20Si alloy in the semi-solid state region and mechanically stirred. The
strength and elongation of the as-cast Al-20Si-0.5ZnO composite were significantly improved. The elongation
was increased by about five times. Metallographic structure and SEM images show that both primary and
eutectic Si have been refined. The primary Si was transformed from a star shape to a polyhedron or blocky
shape, and its edges and concave corners were more rounded, and the width of eutectic Si was also smaller.
The results show that after the addition of ZnO, it undergoes a reduction reaction with the molten aluminum
solution to generate Al,O,, and refines the primary Si and eutectic Si, thereby improves the elongation of the
alloy significantly.
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