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Fig. 1. Backscattered electron images showing typi-
cal microstructure of Ni-28 wt%Sn hypoeutectic cast
ingot: (a) at low magnification; (b) at high magnifica-

tion.
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Fig. 2. Typical microstructures of cross section of Ni-28 wt%Sn alloy by laser rapid remelting cooling in

liquid nitrogen: (a)overall microstructure of molten pool; (b) the edge of molten pool; (c) the top of molten
pool; (d) near the middle of molten pool; (e), (f) the bottom of molten pool; (c), (d) and (f) corresponded to
the higher magnification of white rectangle @, @ and @) marked in picture (a); white ellipse area marked

A showing a-Ni dendrites epitaxial growth from the base material, B showing the cross dendrites at the

edge of molten pool, C and D showing dendritic branchs from the secondary dendrite arms (P = 1950 W,

V, = 10 mm/s).
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Fig. 3. Typical microstructure of molten pool in the
sample surface by laser rapid remelting, in which the
direction of white arrow was the laser scanning direc-

tion.
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Abstract

The substrate of as-cast Ni-28 wt% Sn hypoeutectic alloy immersed in liquid nitrogen is rapidly remolten and
solidified by laser surface remelting with a scanning velocity of 10 mm/s and the laser power of 1950 W. The microstructure
of the substrate and its effect on the microstructure of the molten pool are investigated by scanning electron microscope
carefully. Tt is found that the substrate of the Ni-28 wt%Sn ingot is composed of coarse primary a-Ni dendrites and
the interdendritic (a-Ni+NisSn) eutectic. The growth orientations of a-Ni dendrites and the interdendritic eutectic are
distributed nearly randomly in the as-cast substrate. There are three kinds of microstructure characterstic zones from
the top to the bottom of melted pool. The growth directions of a-Ni dendrites with the primary dendritic spacings
ranging from 4.19 to 6.91 um are approximately parallel to the laser scanning direction at the top of the molten pool due
to the fact that the temperature gradient at the interface between the molten pool and substrate tends to be parallel
to the laser scanning direction. In the middle of the molten pool, the epitaxial a-Ni columnar dendrites are found to
be inclined to grow in the direction vertical to the bottom of the molten pool due to the fact that the temperature
gradients in most zones of the molten pool are perpendicular to the bottom of the molten pool. The formation of new
primary dendrites by the growth of the tertiary arm results in the decrease of primary dendritic spacing in comparison
with that at the bottom of the molten pool. There are a small quantity of residual a-Ni primary phase and a large
amount of (a-Ni+NizSn) eutectic at the bottom of the molten pool. The microstructure of laser remolten zone is greatly
influenced by the substrate microstructure, and the growth direction of the a-Ni dendrite in the molten pool is also
affected remarkably by both the heat flux and the preferred crystal orientations for dendritic growth. Compared with
the mixed lamella, rod and divorced (a-Ni+NizSn) eutectic microstructures in the substrate, the eutectic structure
in the molten pool is completely composed of the refined lamellar eutectic, which grows epitaxially in the direction
perpendicular to the interface between the molten pool and the substrate at the bottom of molten pool. The eutectic
lamellar spacing increases from the top (0.23 pm=0.01 pm) to the bottom (0.42 pm=0.02 pm) of the molten pool due
to the interface growth velocity decreasing from the top to the bottom. The Kurz-Giovanola-Trivedi model for rapid
dendritic growth and the Trivedi-Magnin-Kurz model for eutectic growth are used to estimate the growth undercooling
of the microstructure in the molten pool respectively. It is found that the growth undercooling of dendrites and the
eutectic in the molten pool should be between 50.4 K and 112.5 K, which is much larger than the critical undercooling
for anomalous eutectic growth found in the high undercooled solidification in the previous researches. This phenomenon
means that the critical undercooling for anomalous eutectic growth reported in the previous literature may be not the

sufficient condition for generating the anomalous eutectic.

Keywords: rapid solidification, turned dendrite, Ni-Sn eutectic, undercooling
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