EXE B ED B 22,

Fe-Cr-Nig = IC&H T DRE C b ERBIED Z DIZERE

In-situ Observation of Fe-Cr-Ni Alloy Solidification and Sulfide Formation.
R —J RS hER—AR*  Seetharaman Sridhar*?

Kazuo Nakama, Yasushi Haruna, Jinichiro Nakano and Seetharaman Sridhar

Synopsis:Sulfide formation during solidification was investigated in Fe -30wt%(Cr+Ni)-1.5wt%Mn -0.3wt%S —0.7wt%Si alloys.

Alloy compositions were adjusted so that solidification path of each alloy sample underwent either primary

austenite, primary ferrite, or eutectic field. During cooling, alloy solidification and sulfide evolution were observed in

situ through a Confocal Scanning Laser Microscope (CSLM). When alloys solidified in the primary austenite field,

sulfides formed ahead of the dendrite fronts in a solid state or in a eutectic metal-sulfide structure. When alloys

solidified in the primary ferrite field, viscous sulfides appeared to form in sulfur-enriched liquid phase in the last

stage of solidification. The difference of sulfide states between & -solidification and Yy -solidification could be

attributed to a closer sulfide solubility limit to the miscibility gap for the & -solidified alloys than for the y -solidified

alloys. In the former case, as sulfur was concentrated in the remained melt, liquid phase separation occurred and

metal-rich liquid phase and sulfur-rich liquid were formed before the completion of solidification.

Keywords:sulfides; solidification; primary austenite; primary ferrite; eutectic; confocal scanning laser microscope.
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Fig.1 Phase diagram for Fe-30wt%(Cr + Ni)-
1.5wt%Mn-0.3wt%S-0.7wt%Si system
computed by Thermo-Calc.

Table 1 Chemical compositions of the investigated alloys in wt%.
Fe Cr Ni S Mn Si C N 0
Alloy 1 Bal. 15.08 | 15.10 | 0.307 1.54 0.70 0.005 | 0.0038 | 0.0051
Alloy 2 Bal. 18.07 | 12.09 | 0.244 1.49 0.68 0.007 | 0.0016 | 0.0031
Alloy 3 Bal. 19.61 | 10.59 | 0.241 1.48 0.70 0.006 | 0.0019 | 0.0026
Alloy 4 Bal. 22.06 8.06 0.286 1.47 0.69 0.007 | 0.0034 | 0.0032
Alloy 5 Bal. 29.93 0 0.277 1.45 0.72 0.008 | 0.0034 | 0.0034
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Fig.4 A sequence of CSLM images (top row), an
SEM image taken from the top of the
sample (bottom row, left) and Thermo-Calc-
computed phase fractions with temperature

(bottom row, right) of Alloy 1.
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Fig.5 A sequence of CSLM images (top row), an
SEM image taken from the top of the
sample (bottom row, left) and Thermo-Calc-
computed phase fractions with temperature
(bottom row, right) of Alloy 2.
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Fig.6 Element mapping of cross-sectioned Alloy 2.
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Fig.7 A sequence of CSLM images (top row), an
SEM image taken from the top of the
sample (bottom row, left) and Thermo-Calc-
computed phase fractions with temperature
(bottom row, right) of Alloy 3.
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Fig.8 An FE-SEM image of cross-sectioned Alloy 3
specimen just beneath the surface.
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Fig.9 A sequence of CSLM images (top row), an
SEM image taken from the top of the sample
(bottom row, left) and Thermo-Calc-
computed phase fractions with temperature
(bottom row, right) of Alloy 4.

Inter-dendritic boundary Spectra obtained at the point indicated left

Fig.10 Inter-dendritic boundary enriched with
sulfur.
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Fig.11 A sequence of CSLM images (top row), an
SEM image taken from the top of the
sample (bottom row, left) and Thermo-Calc-
computed phase fractions with temperature
(bottom row, right) of Alloy 5.
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Fig.12 Sulfide compositions in the alloys.
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Fig.13 Schematic representations of the sulfide formation in each solidification mode.
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Fig.14 Computed MnS solubility and miscibility gap
for Alloys 1 and 5.
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Table 2 Calculated partition coefficients.
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Fig.15 Computed composition change of S in the liquid phase due to segregation, [%S], S concentration
where solid MnS precipitates, [%S],, ., and S concentration where the miscibility gap arises, [%S]___ for

Alloy 1 (a) and Alloy 5 (b).
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