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Fig.1 Schematic illustration of the rapid-quenching moments
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Fig.2 Typical microstructures of Ni-1at%Fe alloy after recales-
cence with rapid quenching at different undercoolings:
(a) AT =3 K, (b) AT =55 K, (c) AT =78 K, (d) AT =105
K, (e) AT=158 K, and (f) AT =210 K
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Fig.3 Undercooling vs grain size of Ni-1lat%Fe alloy
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Table 1 The physical parameters of Ni-1at%Fe alloys ATy =m, Cq 1_k_ (3
Parameter Symbol Dimension  Value YA R TR ’Li{iﬁ'ﬁ%k S ETITE
Heat of fusion AH J/mol 17150 RO P J8 ¢ T A A P AR S AR P LR e S
Specific heat of liquid C,  JmolK 50 A P B 9 5 I 2R 0 1 AT 29+
Liquidus temperature TL K 1727 . kC,
Slope of equilibrium liquidus my K/at% -0.9 Cs = W (4)
Thermal diffusivity Dr m?/s 1.4x10°® viie
Solute partition coefficient ko None 0.52 K, Co Ay ICE A h A B S A vk B S my S S
i speed In iquid oM 1000 g b A G PO ko R
olid-liquid interfacial energy o m . I\ R . ) " / K
Diffusion coefficient ) m?/s 3x10°° Iy RLAHL I(P) ¥ i Péclet 2 Pe [ Ivantsov E'ﬁ
Atom spacing ap m 5x10° k2 B 3 R A DG 1) Al - i 458 [ v 40 L &R 4k, T DA
Atomic diffusive speed Vp m/s 20 SKVEMY A AR B HEAT 0 ‘&E[lfi] 3
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Fig.4 Partial undercooling at the dendrite tip of Ni-lat%Fe
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Fig.5 Relationship of the calculated dimensionless superheating

with undercooling of Ni-lat%Fe
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Fig.6 Typical microstructures at different undercooling degree
of Ni-lat%Fe alloy with naturally cooling: (a) AT =
158 K and (b) AT =210 K
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Research on Grain Refinement and Recrystallization Mechanism
of Undercooled Ni-1lat%Fe Alloy

Yang Yanan®, Chen Zheng'?, Li Dehui', Tang Yueyue', Zhang Le?, Liu Feng?
(1. China University of Mining and Technology, Xuzhou 221116, China)

(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The microstructure evolution and the recrystallization of undercooled Ni-1at%Fe alloy were investigated by employing the glass
fluxing technique in combination with cyclical superheating. The experiments of rapid quenching and naturally cooling on Ni-lat%Fe
alloy after recalescence were conducted. It is proved that the fine structure is the product of recrystallization under high undercooling. The
evolution of microstructure was systematically investigated by applying the calculation of dimensionless superheating. Two grain
refinements were detected. The first grain refinement occurs owing to the dendrite break-up or ripening induced by remelting. The second
grain refinement occurs due to the recrystallization induced by stress cumulation.
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