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Abstract: Grain refinement not only improves the mechanical performance of as-cast metallic materials but also provides

an effective mechanism for controlling cast defects. Therefore, understanding the grain refinement of alloys during

solidification is of both theoretical and practical significance. This work reviews the recent progress in the grain refinement

of aluminum alloys during the solidification process. New knowledge on essential steps in solidification, including

heterogeneous nucleation, grain initiation and grain growth, is introduced. Furthermore, efforts and achievements in the

development of new grain refiners and refining techniques are discussed in terms of the interface structures, particle

characteristics (morphology, size and spatial distribution), and solutes, which are three key factors influencing the above

three steps.
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Fig.1 Schematic of the epitaxial nucleation process®”
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Fig.2 Three-layer nucleation mechanism for the system: (a) schematic illustration (negative lattice misfit), (b) molecular dynamic
simulation result, (c) TEM observation®
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Fig.3 Difference charge density and partial density of states at the TiAl; 2DC/a-Al interface: (a) difference charge density at the clean
TiAl; 2DC/a-Al interface, (b) close-up view of the electron accumulation region at the interface, (c) locations of the Ti and Al atoms
under consideration for PDOS, (d) PDOS spectral®”
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Fig.4 Schematic diagram of interface meeting edge-to-edge
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Fig.5 Schematic of the free growth model
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Fig.6 Different grain initiation manners: (a) progressive grain initiation, (b) explosive grain initiation, (c) hybrid grain initiation®”
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Fig.7 Grain initiation maps of Mg-Al alloy: (a) cooling rate, (b) solute concentration, (c) particle number density®”
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Fig.9 Growth velocity obtained by phase field simulations as a Ti 51]
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Fig.10 Variations in the interface energies of TiB,/Al(L) and
TiB/AI(S) and wetting angle v, =cos(f) with Ti concentration®"
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Fig.11 Alloying trend graph of Ti-center (0001) TiB,/(111) a-Al
doped interfaces: (a) including 37 types of alloying atoms, (b)
including 11 kinds of solute atoms with good alloying effect
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Fig.12 Composition design of the Al-0.5Ti-2.0Nb-0.3B alloy and its grain refinement effect and mechanism®"
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Fig.13 The calculated grain size of Mg-Zr alloys with and without intensive melt shearing at a cooling rate of 3.5 K/s. The vertical
dashed line indicates the solubility limit of Zr in liquid!*®
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Fig.14 Typical morphology and size of TiB, particles: (a) morphologies of TiB, particles in the pure Al matrix, (b) size distribution of
TiB, particles in the TiB,/Al composite!® !
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Fig.16 Engulfment behaviors of TiC particles under rapid solidification: (a) variation in critical velocity for engulfment with alloy
composition and particle size, (b) microstructure of the TiC/Al composite ingot with 1%Ni(mass fraction)”
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