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Growth mechanism of five-pyramid prismatic-shaped
primary Si in hypereutectic Al-24%Si alloy
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Abstract: The stereo-morphology and growth mechanism of five-pyramid prismatic-shaped primary Si in hypereutectic
Al-24%S:i alloy were investigated. The results show that the growth traces of the five-pyramid prismatic-shaped primary
Si exists layer by layer, paralleling with the surface crystal plane. It is quite different from the growth trace of the screw
dislocation growth. The growth step sources required for Si phase are supplied by 6(111)/3 and 26(111)/3 sub-steps,
which creates on {111} growth surface of silicon crystal by stacking faults. Two kinds of sub-steps created by turns can
supply the lasting growth step sources for Si phase. The growth ending interface morphology of primary Si is
five-pyramid polyhedron pit-shaped, which likes the nucleus coagulated by octahedrons. Therefore, the sub-step theory
can explain the growth mechanism of the five-pyramid prismatic-shaped primary Si.
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Table 1 Etching methods and reagents

Use Reagent Time
Morphologies of
OTPROTOBIEs 0 20%NaOH, 80 C 90-120's
primary Si
Growth trace of 10 mLHF+10 mLHNO;+ 60-120
—120s
primary Si 40 mLCH3;COOH
Extract 35%HCI+30%H,0, 30—60 min
Energy spectrum
1%HF 30-45s
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Fig.1 Cross-section morphologies of five-pyramid prismatic-
shaped primary Si etched by NaOH: (a) Without hole; (b) With
hole
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Fig.2 Octahedral primary silicon extracted from Al-24%Si
alloy
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Fig.3 Schematic diagram of five-pyramid polyhedron
coagulated by octahedrons
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Fig.4 Growth trace of five-pyramid prismatic-shaped primary

Si with different etching times: (a) 60 s; (b) 120 s
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Fig.5 Stacking order of crystal silicon with diamond structure:

(a) Regular arrangement of atoms; (b) Stacking fault

arrangement of atoms
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Fig.6 Sub-steps produced by stacking fault on growth face
(111) of crystal silicon: (a) 6(111)/3 sub-step; (b) 26(111)/3 and
o(111) steps; (c) 6(111) and o(111)/3 steps; (d) 20(111)/3
and J(111) steps
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Fig.7 Stereo-morphologies of five-pyramid prismatic-shaped primary Si extracted from Al-24%Si alloy: (a) Normal growth; (b)

Abnormal growth
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Fig.8 SEM image of primary Si (a) and line scanning analysis of elements Si and Al (b) in Al-24%Si alloy
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