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Microstructure and fracture morphology of
hypereutectic Al-17.5%Si alloy modified with Nd

SHI Wei-xi, GAO Bo, TU Gan-feng, LI Shi-wei

(School of Materials and Metallurgy, Northeastern University, Shenyang 110004, China)

Abstract: Pure Nd was adopted to modify the hypereutectic Al-17.5%Si alloy. The morphology, composition and phase
of alloys before and after modification were analyzed by SEM, OM, EPMA, TEM and XRD. The fracture morphologies

of the alloy were analyzed by SEM before and after modification. The results show that 0.3% Nd, mass fraction) can

effectively refine the primary and eutectic silicon in alloy. The morphology of primary silicon after modification

transforms from pentalpha and irregular shape to block, and the grain size of primary silicon is refined from 40—60 pm to

10-30 um. A majority of eutectic silicon changes from acicular or lamellar morphology to small short rod. No Nd is

detected in the center and edge of silicon, Nd distributes along the grain boundary. The twinning density in modified Si

crystals is much higher than that of the initial sample. No new phase forms, and the lattices of silicon and aluminum

increase after modification. The tensile strength of the alloy modified by 0.3%Nd increases by about 35.8% from 120

MPa to 163 MPa, and its elongation increases by about 175% from 0.8% to 2.2%.
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Table 1 Nominal chemical composition of the alloys
Mass fraction/%
Alloy
Al Si RE
Unmodified sample Bal. 17.5 0
Modified sample Bal. 17.5 0.3
Nd  720~760
750 20 min 150 mm 15 mm 1 Al-17.5%Si  Al-17.5%Si-0.3%Nd
Nd Fig.1 Microstructures of primary silicon in Al-17.5%Si(a)
10 mm and Al-17.5%Si-0.3%Nd(b) alloys
(SEM EDS
SSX-550 ) 1 Al-17.5%Si
0.5%HF( )
410 Al-17.5%8i-0.3%Nd
mm 50 mm 2 3
CMT5105 2 3

1 mm/min

Nd Nd
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Fig.2 Microstructure(a) of Al-17.5%Si-0.3%Nd alloy and plane scanning distribution of elements Al(b), Si(c) and Nd(d)
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SEM
Fig.4 SEM images of eutectic silicon in Al-17.5%Si(a) and
Al-17.5%8Si-0.3%Nd(b) alloy
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Fig.5 TEM images showing variation of twinning density in
Al-17.5%Si(a) and Al-17.5%Si-0.3%Nd(b) alloy
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2 Al-17.5%Si
Table 2 d,a and d,om, of all phases of Al-17.5%Si before and after modification with 0.3% Nd

Al phase Si phase
dactual / A dactual / A
dnorm /A dnorm /A
Unmodified sample Modified sample Unmodified sample Modified sample
233212 2.35125 2.33800 3.126 15 3.154 67 3.13550
2.020 54 2.031 59 2.024 00 1.916 96 1.925 11 1.920 10
1.429 81 1.434 70 1.431 00 1.635 69 1.643 15 1.637 50
1.219 61 1.223 74 1.221 00 1.356 82 1.364 24 1.35770
1.167 83 1.170 42 1.169 00 1.245 21 1.248 79 1.245 90
1.011 67 1.014 43 1.012 40 1.108 12 1.111 34 1.108 60
- - - 1.045 11 1.047 42 1.045 20
140
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Fig.7 Mechanical properties of hypereutectic Al-17.5%Si(a) 8 Al-17.5%Si  Al-17.5%Si-0.3%Nd —

and Al-17.5%Si-0.3%Nd(b) alloy
Fig.8 Stress—displacement curves of Al-17.5%Si(a) and

8 Al-17.5%Si Al-17.5%8Si-0.3%Nd(b) alloy
— 8
Al-17.5%Si 0.8% 0.3%Nd
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Fig.9 Fractural SEM images of Al-17.5%Si(a) and 3
Al-17.5%8Si-0.3%Nd(b) alloy at room temperature
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