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Thermodynamic Analysis of Precipitation Behaviors of Ti, Mn Sulfide in Hot-rolled Steels Sheets

Takako Y AMASHITA, Kaneharu OKUDA, Eiko Y ASUHARA and Kaoru SATOH

Synoepsis : Thermodynamic analysis of precipitation behaviors of Ti, Mn sulfide in hot-rolled steels, was conducted to evaluate the thermodynamic

parameters of (Ti, Mn, Fe)S in steels.

Thermodynamic parameters of sulfide were assessed based on Q-phase (NaCl type): (Mn, Fe)S and P-phase (NiAs type): (Ti, Fe, Mn)S

reported by Miettinen.'® Since it was found that P-phase and Q-phase coexisted, as distinct complex precipitates without changing their crys-

tal structure even on the conditions which both P-phase and Q-phase precipitated at the same time. The thermodynamic parameters of these

two phases were determined using the extraction data and TEM-EDS. The solubility limit of Fe and Mn to TiS, which causes errors in practi-

cal steels, was estimated by using the solubility product of TiS evaluated by Mitsui.

10)

The calculated precipitation behaviors of Ti, Mn sulfide using developed thermodynamic parameter are in good agreement with the forma-

tion of sulfides and carbo-sulfides in hot rolled commercial IF steels.
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Table 1. Chemical compositions of high puerility Ti-S, Mn-S, Ti-Mn-S steels.

(mass%)

Steel C Si Mn S Ti N 0 T. Al

1 <0.0005  <0.001 <0. 001 0.017 0.022 0.0004  0.0011 0. 002

2 <0.0005  <0.001 0.079 0. 040 <0.001  <0.0005 0.0012 0. 002

3 <0.0005 <0.001 0.039 0.011 0.031 <0.0005  0.0008 0. 002

4 <0.0005  <0. 00t 0. 040 0. 031 0.011 <0.0005  0.0009 0. 002

Table 2. Chemical compositions of IF steels.

(mass%)
Steel C Si Mn N Nb N 0 T. Al
5 0. 0022 0.01 0.02 0.014 0.04 0.004 0.0013  0.0021 0.043
6 0.0015 0.01 0.13 0.014 0.04 0.004 0.0015  0.0022 0.035
7 0.0020 0.01 0.49 0.016 0.04 0.004 0.0013  0.0028 0.035
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Table 3. Fe, Ti, Mn, S contents of electrolytically extracted
residue in steels.

Steel Temp. Precipitate (mass%)
(©) Fe Mn Ti S
1000 0.001 0 0.018 0.014
1 1100 0. 002 0 0.018 0.016
1200 0. 003 0 0.017 0.015
1000 0. 008 0. 054 0 035
2 1100 0.012 0. 049 0 0. 036
1200 0.013 0. 035 0 0.028
1000 0.001 0 0.022 0.012
3 1100 0. 001 0 0.017 0.012
1200 0.001 0 0.014 0.013
1000 0. 008 0. 025 0.010 0.028
4 1100 0.012 0. 020 0.010 0. 020
1200 0.016 0.011 0.010 0. 020

type (Q-phase & 5Y) & NiAs/B8-type (P-phase & IF.5%)
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Table 4. Fe, Ti, Mn, S contents in Ti-sulfides determined

using TEM/EDS.
Steel Temp. |P-phase/ mol (%)
(°C) | Q-phase Fe Mn Ti S
1 1000 P 0~1 0 42~46 56~58
1200 P 4~7 0 32~52 39~45
2 1200 Q 10~15 37~41 0 46~49
1000 P 11 0 49 39
P 0~2 0~0.5 40~50 40~50
3 1100 P 0.1 0.2~0.4( 40~44 51~55
1200 P 0~0.2 0~0.5 34~37 52
P 5 0.5 45 50
1000 Q 4~5 10 0.3 52
P 6~8 0.5 20~23 43~50
4 1100 Q 8 32~36 0~0.4 54~59
P 13 0~1 18~21 45~58
1200 Q 8 37 0.5 54
P 13~22 | 0.7~12 16~22 54~61
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Fig. 1. TEM micrograph and diffraction patterns of complex sulfides.
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Fig. 2. Calculated mass% of precipitation and comparison of Ti, Mn, Fe, S contents of electrolytically extracted Ti-sulfides in

Steel 4.
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Table 5. Thermodynamic parameters (J/mol) of P and Q
phase in the Fe-Ti-Mn-S system.

Phases Interaction parameters in sublattice model
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Fig. 3. Calculated solubility products for Ti,C,S, in y
phase.
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Fig. 4. Calculated mass% of precipitates in specimen with
solubility product of Ti,C,S, by Iorio.'®
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Fig. 6. Calculated mass% of precipitates and comparison of Ti, Mn, Fe, S contents of electrolytically extracted Ti-sulfides in steel 6.
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