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As the fundamental theory of industrial manufacturing, solidification provides students with the
basic principles of smart casting with high-efficient near net shape forming.

In the course, solidification of liquid metal is taken as an example, both the fundamental theory
and the advances in the solidification research are introduced. The general principles for the
formation of solidification structure, for the transition of the solidifying interfacial morphology,
for the solute redistribution and their controlling approaches will be emphasized. The atomic
structure of liquid and amorphous solid, the formation and preparation of amorphous alloy, the
solidification behavior of undercooled liquid, the external field effect on the solidification and its
control would also be introduced.

To attend this course, fundamentals of materials science, principles of materials processing,

transport phenomena in materials processing should be learned in advance.
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No. Sections Contents Hours | Teaching method
1 Solidification- Solidification phenomena: metal, 3 Lecture
From craft to | organic, inorganic;
science The history of solidification;
The relationship between
| sqllqlﬁcatlon and the other
(English) d1s01p11nes o '
Syllabus The importance of solidification to
materials
2 Liquid structure | The structure difference among 3 Lecture
of metals and liquid metal, organic and
thermodynamics inorganic;
of solidification | Characterization on liquid metal;
Thermodynamics of solidification
3 Solidification of | Heat flow in solidification 6 Lecture
2/4 2020.04




single phase
alloys

Solute redistribution during
solidification

Non-equilibrium solidification:
interfacial stability, constitutional
undercooling,

Perturbation during solidification,
Instability of the interface and
solidification structure

4 Planar Solidification of eutectic alloys: the Lecture
solidification of | morphology of eutectic alloy, couple
multiphase growth, J-K model
alloys
5 Castings and Solidification of multi-phase alloys, Lecture
solidification in | solidification of casting ingots and
casting castings, solidification during
welding
6 The To observe the liquid metal; Lab tour
solidification | the exo and endo thermic behavior;
of liquid the segregation of multiphase
metal and its alloys;
segregation to know the metallographic
knowledge
7 Undercooling of | Undercooling of liquid metal and Lecture
liquid metal the approaches for undercooling;
and the Thermodynamic properties of
solidification of | liquid metal;
undercooled Solidification of undercooled liquid
liquid metal metal
8 Unidirectional Solidification behavior during Lecture
solidification, unidirectional solidification, single
single crystal crystal growth, 3D printing of metal
growth, 3D
printing of metal
9 Liquid flow Liquid flow during solidification; Lecture
during The coupling between liquid flow
solidification and diffusion,;
and its Liquid flow and solute
numerical redistribution
calculation Modeling for liquid flow;
Numerical calculation of liquid
flow
10 The formation The structure and properties of Lecture
and features of metallic glass;
the metal glass The fabrication of metallic glass;
The formation temperature
11 Grain refinement | The theory of grain refining during Lecture
the solidification and its application
approaches;
The industrial application of grain
refining
12 Special To observe and know the special Lab tour
solidification technology as unidirectional
technology solidification, the single crystal
growth, and 3D printing
Exam Exam
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M.C. Flemings: Solidification Processing;
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Resources JAFRAEE: EEEEAR
W. Kurz: Fundamentals of solidification
PR, L] R
M.E. Glicksman, Principles of solidification
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M.C. Flemings: Solidification Processing;

S Chine.se VCI’Si.Ol’l:' Solidiﬁcattion process'in.g o '

(English) Hangi Hu, Principles qf !1qu1q metal solldlﬁcqtlon ( }n Chinese)

Resources Yaohe Zhou, et. al, sohdlﬁcatl'or} techpologv (in Chinese)
W. Kurz: Fundamentals of solidification
Chinese version: Fundamentals of solidification
M.E. Glicksman, Principles of solidification
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