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Rapid Melting and Solidification of Fe-3% C-2 % Si Alloy
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Synopsis :

Jun KUROBE, Hiroshi SAKUTA, Yasunori MIYATA
Toshio SUZUKI and Yukio ICHINOSE

The surface of Fe-3% C-2% Si alloy was rapidly melted and solidified using cw 250 W CO, laser. The
absorptivity of the alloy was estimated by comparing the values of melt depth and width of spot-melted

specimens to those by FEM analysis.

The determined value of absorbtivity was 50%.

The relation be-

tween secondary arm spacing and average cooling rate calculated for spot-melted specimens was Obtamed
Using the relation, average cooling rates of scan-melted specimens were estimated to be 2X 10°K-s™! at

maximum.

Key words : rapid solidification ; laser irradiation ; dendrite arm spacing.
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Table 1. Chemical composition (wt%).
Element C Si Mn p S Cr Al N [0} Fe
Content 3.02 2.03 0.002 0.004 0.005 <0.001 0.047 0.0008 0.0006 Bai.
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Table 2. Physical constants used in FEM analysis.

Temperature (K) | Properties

273 25.1

~473 30.1

Thermal conduetivity (W-m™1-K™1) ~673 30.9

~1073 25.1

>1473 29.3
273 0.502
~473 0.527
Specific heat (kJ-kg™!-K™!) ~673 0.602
~1073 1.364
>1473 0.669

Density (kg-m™3) 7730

Liquidus temperature (K) 1557.5

Solidus temperature SK) 1355.6

Latent heat (kJ-kg™! 268.8

Boiling point (K) 3160
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Cooling Boundary -
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Fig. 1. Schematic drawing of a FEM model.
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Photo.’ 1.

specimen.

P=160W

r=0.3 mm

1=20s

Microphotograph of a spot-melted

(a)

(a)(b) P=160W
(e)(d) P=160 W
Photo. 2. Microphotographs of spot-melted specimen.
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Fig. 2. Variation of oxygen, carbon, silicon and
iron with distance from the surface of the spot-
melted specimen shown in Photo. 2 (c)(d). The
positions of symbols A and B in the figure corre-
spond to those in Photo. 2(d).
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Photo. 3. Mirophotograph of a spot-melted speci-
men. Resolidified dendrites, residual austenite in
mushy zone and martensite in heat affected zone
are observed.
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Fig. 3. Melt depth wvs. irradiating time in spot
melting. Solid and broken curves show the results
by FEM analysis.
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Fig. 4. Melt width wvs. irradiating time in spot
melting. Solid and broken curves show the results
by FEM analysis.
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Fig. 5. Estimated temperature at the onset of

vaporization or spattering vs. irradiating time in
spot melting.
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Fig. 6. Melt depth wvs. irradiating time in spot
melting. Solid and broken curves show the results

by FEM analysis.
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Fig. 7. Secondary dendrite arm spacing
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Photo. 5. Microphotograph of a scan-melted speci-
men, which is the same one shown in Photo. 4.
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a scan-melted specimen.
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Fig. 8. Estimated cooling rates in scan melting vs.
scanning velocity.
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