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Fig. 1. Selection of the alloy compositions in ternary

Fe-Cr-Ni phase diagram [26].
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Fig. 2. XRD patterns of Fe-Cr-Ni alloys: (a) Fegi.4Cr13.9Nig.7 alloy; (b) Feg1.4Cra.7Nii3.9 alloy.
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Fig. 3. DTA analysis and microstructure characteristics of Fe-Cr-Ni ternary alloys under near-equilibrium solidifi-
cation: (a), (C) Feg1.4Cr13.9Nig 7 alloy; (b), (d) Feg1.4Cra.7Ni13.9 alloy.
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Fig. 4. Cooling rates and undercoolings of Feg1 4Cra. 7-
Nij3.9 alloys with different droplet diameters: (a) Cool-
ing rates versus droplet diameter; (b) undercoolings versus

droplet diameter.
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Fig. 5. Microstructural morphologies of Fegj 4Cri3.9 Nig.7
alloy with different droplet diameters: (a) D = 860 pmy;
(b) D =860 pm; (c) D =560 pum; (d) D =126 ym.
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Fig. 6. Grain size of Fegi.4Cryq.7Nii3.9 alloy: (a) Den-
dritic trunk length versus droplet diameter; (b) secondary

dendritic arm spacing versus droplet diameter.
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Fig. 7. Microstructural morphologies of Fegy 4Cryg 7
Nij3.9 alloy with different droplet diameter: (a) D =
1124 pm; (b) D = 745 pm; (¢) D = 590 um; (d) D =
236 pm; (e) D = 68 um; (f) D = 68 pm.
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Table 1. Physical parameters of Fe-Cr-Ni alloys used in the calculations (26,31,32,33]

S8 55 AL Feg1.4Cr13.9Nig.7 Feg1.4Cr4.7Ni13.9
YIEH ) y

R THT iR 5 Ti/K 1779 1772
JEALAE AH;/J-mol~1 13201 14469
FEpcry Gt N Cpr,/J-mol~1.K~1 46.2 46.2
FHHRE o0/Jm™2 0.260 0.385
PR Dy/m?.s~1 5.4 x 10~6 5.4 x 106
WAL FHE (Cr) my/K-wt. %1 —0.67 —2.10
WAL A% (N1) ma/K-wt. %1 —3.13 —2.00
PHETE R L RS (Cr) kg1 0.90 0.92
ST T 4 P R 3 (N) kg2 0.80 0.88

IR HUR L (Cr) Dy, 1/m?s™1 1.8 x 1079 1.8 x 1079
R R (NI) Dy, 2/m?-s71 8 x 10~10 8 x 1010
IR HURFAE A ag/m 5x 1079 5x 1079
P Vo/m-s~1 2000 2000
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Abstract

Stainless steels with excellent hardness and corrosion resistance performance have been widely used in industrial
production. Ternary Fe-Cr-Ni alloys, as a model alloy of nickel chromium stainless steels, are of great importance in
the fields of material science. Under non-equilibrium solidification condition, alloys may have new microstructure and
improved performance. In this paper, two liquid ternary Fe-Cr-Ni alloys are deeply undercooled and rapidly solidified in
a 3-m drop tube to investigate the microstructure evolution and solute distribution of alloy droplets with different sizes.
In the drop tube experiments, the Fe-Cr-Ni alloy samples with a mass of 1.5 g are placed in a 16 mm x 150 mm quartz
tube with a 0.5-mm-diameter orifice at its bottom and heated by induction heating device in a high vacuum chamber.
Then the samples are melted and overheated to 200 K above their liquidus temperatures for several seconds. The alloy
melt is ejected out of the small orifice and dispersed into numerous droplets after adding high pressure helium gas flow.
The alloy droplets with diameters ranging from 68 pm to 1124 um are achieved. After experiments, the alloy droplets
with different sizes are mounted respectively. Then they are polished and etched. The drop tube technique provides an
efficient way to study the rapid solidification mechanism of alloys. Besides the experiments, the dendrite growth velocities
of primary phase in two Fe-Cr-Ni alloys are calculated theoretically using the modified LKT/BCT model. As droplet
size decreases, both cooling rate and undercooling increase exponentially and the morphologies of two alloys become well
refined. Under the near-equilibrium solidification condition with a cooling rate of 10 K/min, both alloys consist of coarse
lath-like o phase. After rapid solidification of Fegi 4Cri3.9Ni4 7 alloy droplets during free fall, the microstructure presents
a lath-like o phase, resulting from the solid-solid phase transition. As undercooling increases, the primary o phase is
converted from the coarse dendrite with long trunk into equiaxed grain. For Fegi 4Cra.7Nii3.9 alloy, the microstructure
is composed of a phase grains. The transition of primary y phase from coarse dendrite with long trunk to refined
equiaxed grain occurs as the undercooling increases. Meanwhile, both dendrite trunk length and secondary dendrite arm
spacing decrease drastically, suggesting that the rapid solidification is the main reason for grain refinement. Moreover,
the relative segregation degree of solute Cr and Ni inside o phase grain also decreases obviously with the increase of
undercooling, and the microsegregation of Ni is more remarkable than that of Cr. This suggests that the high cooling
rate and undercooling cause the solute to be distributed evenly. Compared with that of y phase, the dendrite growth
velocity of 0 phase is large and its dendrite tip radius is small. The two phase transform from solute diffusion controlled
growth into thermal diffusion controlled growth as undercooling increases to 8 K. When undercooling is larger than 8 K
and within the experimental undercooling range, the dendrite growth of both Fe-Cr-Ni alloys is controlled by thermal

diffusion.

Keywords: Fe-Cr-Ni alloy, rapid solidification, dendrite growth, solute distribution
PACS: 61.25.Mv, 64.70.D—, 81.10.Mx, 81.05.Bx DOTI: 10.7498/aps.67.20180062
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