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2. Research Strategy

1. Research Background
 Due to their superior castability, excellent fluidity, light weight, low cost
and low coefficient of thermal expansion, Al-Si-Mg cast alloys are widely
used in automobile, electrical and aerospace industries.

 It seems very difficult to accurately determine the optimal amount of Sr in
A356 alloys only through the laboratory experimental work.
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 With the small additions of Sr to Al-Si-Mg alloys, the morphology of the
eutectic silicon crystallites changes dramatically, from a plate-like
structure to a fine fibrous morphology.

3. Machine Learning Modeling
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6. Conclusions

4. Thermodynamic Database
I. The Al-Si-Sr Ternary System
a
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II. The Al-Mg-Sr Ternary System
a

III. The Al-Si-Mg-Sr Quaternary System

IV. Experimental Validation
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Fig.4 Calculated vertical section (a) and Scheil-Gulliver solidification
diagram (b) of 92.6-x)Al-7.0Si-0.4Mg-xSr (in wt.%), compared with
the experimental data from the DSC signal in the present work.
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Fig.1 Al-Si-Sr ternary system. (a) Calculated vertical section in the AlSi-Sr ternary system along Si-Al2Si2Sr. (b) Calculated vertical section
in the Al-Si-Sr ternary system with 20 at.% Sr. (c) Calculated vertical
section in the Al-Si-Sr ternary system along Al-Si2Sr. (d) Calculated
isothermal section of Al-Si-Sr ternary system at 500 ºC.
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Fig.2 Al-Mg-Sr ternary system (a) Calculated isothermal section of Al-Mg-Sr
ternary system at 400 ºC. (b) Calculated isothermal section of Al-Mg-Sr ternary
system at 500 ºC. (c) Calculated vertical section in the Al-Mg-Sr ternary system
along Mg65Al35-Sr. (d) Comparison between the predicted and measured
temperatures in the Al-Mg-Sr system.

Fig.3 Integration of liquidus projections in the four constituent
ternaries of quaternary Al-Si-Mg-Sr system. The thick blue lines
are the monovariant lines in each boundary ternary system, while
the grey lines are the isothermal lines.

Fig.5 Volume fraction of each phase/structure of as-cast
microstructure in A356 alloy with different Sr contents.

5. Alloy Design
I. Alloy design of Sr-modified A356 by CT

(a) Components of an artificial neuron; (b) Schematic diagram of machine learning.

 A self-consistent thermodynamic database of the Al-SiMg-Sr quaternary system in Al-rich region was first
established by means of CALPHAD approach coupled
with key experimental validation.
 The computational thermodynamics (CT) and machine
learning (ML)-aided alloy design approaches were first
employed to determine the optimal Sr content in A356
alloys with the best mechanical properties separately.
Amazingly, both approaches yielded the same result
(0.005 wt.% Sr), which was later validated by key
experiments.
 By further adopting the advantages of both CT and MLbased approaches, a novel alloy design approach by
combining CT and ML techniques was proposed, and
then demonstrated to achieve a more efficient design of
Sr-modified A356 alloys. Such a novel approach can also
help to understand the strengthening/toughening
mechanisms of Sr-modified A356 alloys.
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Fig.6 (a) Calculated growth restriction factor Q in quaternary alloy A356-xSr;
(b) Solidification diagram for Sr-additional A356 alloy constructed from a
series of Scheil-Gulliver simulations. (c) Calculated volume fractions of
different phase/structures in A356 alloys with different Sr additional contents.
(d) Summary of the bulk modulus of pure Al, pure Si, and Al2Si2Sr due to the
first-principles calculations.
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Fig.7 (a) Training of fractions of (Al), (Si), and Al2Si2Sr phases as a function of Sr
concentration based on the present experimental data; (b) Predicted mechanical properties
based on the training fraction data and the experimental mechanical properties, from which the
optimal amount of Sr addition in A356 alloy with best comprehensive performance (CP) can be
predicted; (c) Experimental verification of the predicted optimal Sr addition and corresponding
best mechanical properties; (d) ML predicted CP, compared with the experimental data.

Fig.8 (a) Fractions of different phases/structures in Sradditional A356 alloy computed by CT; (b)
Mechanical properties of Sr modified A356 alloys.

Fig. 9 Relations between different mechanical properties and volume fractions of
different phases/structures after standardization. (a) primary α-(Al); (b) eutectic (Al);
(c) eutectic (Si); (d) Al2Si2Sr. The scatters in the figure represent the predicted
relations between different mechanical properties and volume fractions of different
phases/structures from the ML model after standardization. The black dashed lines
represent the linear fitting results of the scatters,
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