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Study of the Relationships between the Elastic Modulus of
Al-Si Alloys and the Si Content and Morphology
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Abstract: To study the relationships between the elastic modulus of Al-Si alloys and the content and morphology of the Si
phase, hypereutectic Al-3Si, Al-5Si, Al-7Si, Al-9Si, near-eutectic Al-12.5Si and hypoeutectic Al-18Si alloys were prepared
via the melting method, and the Al-9Si, Al-12.5Si and Al-18Si alloys were modified with P and Sr, respectively. The elastic
modulus of the alloys was detected via the sound velocity method. The area fraction of the Si phase in the microstructures
was measured via Imagel] software, and its relationship with the volume fraction of the Si phase was revealed. The
functional relationships between the elastic modulus of the Al-Si alloys and the Si content and the area fraction of the Si
phase in the microstructures were obtained via data fitting. The results show that with increasing Si content, the elastic
modulus of the alloys increases continually. After being modified by P and Sr, the modulus of the selected Al-9Si,
Al-12.5Si and Al-18Si alloys decreases. The morphological change in the Si phase leads to a decrease in the volume
fraction of the Si phase, which results in a change in the elastic modulus.
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Fig.1 Binary phase diagram of the Al-Si alloy
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Fig.2 Schematic diagram of the elastic modulus measurement
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Fig.3 Microstructures of Al-Si alloys with different Si contents: (a) Al-3Si; (b) Al-5Si; (c) Al-7Si; (d) Al-9Si; (e) Al-12.5Si; (f) Al-18Si
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Tab.1 Sound velocity in Al-Si alloys with different Si contents

Sample Al-3Si Al-5Si Al-7Si Al-9Si Al-12.5Si Al-18Si
Longitudinal sound velocity/(m-s™) 6443 6386 6496 6 546 6661 6 786
Transverse sound velocity/(m-s™) 3103 3122 3176 3206 3316 3382

R2AESIiAEA-SIAEEE
Tab.2 Density of Al-Si alloys with different Si contents

Sample Al-3Si Al-5Si Al-7Si Al-9Si Al-12.5Si Al-18Si

Density/(g-cm®) 2.68  2.67 266 264 262 2.6l

RIXESIEEA-SiEEHERE
Tab.3 Elastic modulus of Al-Si alloys with different
Si contents

Sample Al-3Si Al-5Si Al-7Si Al-9Si Al-12.5Si Al-18Si

Elastic modulus
Gp 69.716 69.918 71.957 72.904 76.970 79.542
a

RATEFHEREN S ERUEEES SiSEXEN
PMEER
Tab.4 The fitting results of different function models for
the relationship between elastic modulus of Al-Si alloys
and Si content

Model Linear Quadratic ~ Cubic Quartic ~ Quintic
ode

function function function function function
Adjusted R*  0.965 0.953 0.985 0.971  Overfitted

€4 AL-Si &4 i B E 5 5 4 SiE e OCR G
ith &
Fig.4 Relationships and fitting curves between the elastic
modulus of the Al-Si alloys and the Si content in the alloys
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4 4 MORALS AT, Hh S a-AL L2060 K Si ML (a) AL-3Si; (b) AL-5Si; (c) AL-7Si;
(d) A1-9Si; (¢) Al-12.5Si; (f) Al-18Si

Fig.5 Color calibration of the microstructures of Al-Si alloys with different Si contents via ImageJ, with a-Al green color and Si phase
red color: (a) Al-3Si; (b) Al-5Si; (¢) Al-7Si; (d) Al-9Si; (e) Al-12.5Si; (f) Al-18Si

% 6 Al-Si %i\rl" Si HIAFL > %05 Tmage] 1754 4 W 21
2 ST AR A B O F
Fig.6 Relationshlps between the volume fraction of the Si phase
in the Al-Si alloys and the area fraction of the Si phase detected
via ImagelJ
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Fig.7 Relationships and fitting curves between the elastic
modulus of the Al-Si alloys and the area fraction of the Si phase
in the alloys
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Tab.5 Elastic modulus of the alloys before and after
P modification

Elastic modulus/GPa
Alloys
Before After
Al-12.5Si 76.970 74.501
Al-18Si 79.542 78.951

Al-12.581 G a BFFRAT S, 535347 T Sr A8 it ik
o K9k A1-9Si K Al-12.5Si A 44 Sr A8 SR G
FIORALZT, MEH AT LLE Y Sr AR i ,2 Fh & 4
Tt g ST MIE SR &R T W AR AL B 4K Y Al
FOREEAZ AR . 2 6 M AL-9Si K Al-12.5Si &
4 2% St AR T HT A SRR A I e 2 R X R B,
St AR TS, A 4 1 M A R T RIS, 5 R
KA 4 P ARG R A AL

DL S5 ER XT3 1 0T AL-SE B 4, 4
P A8 i Al St AE AL BRI | A 4 0 BopE AR (E YA B
FEAS ., o 4 28 BT IS OW 4 2L rh Si AR IR FR 73
BAR AL, R Tmaged B0 & 1 Si A TR 8K,

[ 8 PAEFEHIJF Al-12.5Si & Al-18Si & 4 MMM ZH 4 . (a, b) Al-12.5Si; (c, d) 28 i J5 19 Al-12.5Si; (e) Al-18Si; () 28 5 1Y
Al-18Si
Fig.8 Microstructures of the Al-12.5Si and Al-18Si alloys before and after P modification: (a, b) Al-12.5Si alloy; (c, d) Al-12.5Si alloy
after modification; (e) Al-18Si alloy; (f) Al-18Si alloy after modification
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[ 9 Sr AE BT JE Al-9Si & Al-12.5Si & 4 fOW 412 . (a) Al-9Si; (b) 2% i J5 19 Al-9Si; (c, ) Al-12.5Si; (d, f) 228 i J5 (19 Al-12.5Si
Fig.9 Microstructures of the Al-9Si and Al-12.5Si alloys before and after Sr modification: (a) Al-9Si alloy; (b) Al-9Si alloy after
modification; (c, e) Al-12.5Si alloy; (d, f) Al-12.5Si alloy after modification

Tab.6 Elastic modulus of the alloys before and after Sr

RO6SrERAEAENHEEE

modification

Elastic modulus/GPa

Alloys

Before After
Al-9Si 74.693 68.853
Al-12.5Si 76.970 72.984
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M1 F Sr A8 i J5 36 5 Si RST R/ A R ik, ik
X P AR A A OUR A 2 B TR R A, R
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%1 10 Image] #EXT Al-12.5S1 55 Al-18Si G428 P 728 5 OWAH LU B B br a2, o e 008 o-ALA, 206 Si A

(a) Al-12.5Si; (b) Al-18Si
Fig.10 Color calibration of the microstructures of the Al-12.5Si and Al-18Si alloys after P modification via ImageJ, with a-Al green
color and Si phase red color: (a) Al-12.5Si alloy; (b) Al-18Si alloy
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Tab.7 The area fraction of the Si phase in the alloys before
and after P modification detected by ImageJ

Area fraction/%

Alloys
Before After
Al-12.5Si 46.27 40.54
Al-18Si 62.47 54.59
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11 Al-12.58i 55 Al-18Si & 28 PR FUR Si Afl i A1 70 #fr
XL Ay 1 AR e {5 2 o B OC R
Fig.11 Relationships between the elastic modulus of the
Al-12.5Si and Al-18Si alloys after P modification and the fitting
curves
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