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Precipitation Behavior of Sulfides in Ti-added Ultra Low-carbon Steels in Austenite

Naoki Yosuinaca, Kohsaku Usnioba, Satoshi Axamatsu and Osamiu AKISUE

Synopsis :

The influences of S and Ti contents as well as slab reheating temperature on the precipitation behavior of sulfides in

hot-rolled bands in Ti-added ultra low-carbon steels have been investigated. The results obtained are as follows : In
the specimens with the same 0.02% Ti content, Ti,C,S, decreases and TiS increases in number as S content increases
while in the specimens with the same 0.0089 S content, TiS decreases and TisC,S, increases in number as Ti content
increases. The number of TiS increases when the slab reheating temperature is high.

The solubility products of TiS andTi,C,S, in austenite have been also experimentally determined as follows :

log[Til[S]=—3252/T—2.01
log[Ti][C]°°[S]°®=—5208/T —0.78

The experimental results above agree well with the results calculated using these solubility products.
The reliability of solubility products determined in this study are checked and it is confirmed that the solubility
products in this study is in good agreement with the published experimental results.
Key words : TiS; Ti,C,S, ; MnS ; austenite ; ultra low-carbon steel ; precipitation behavior ; solubility product ; Ti- bearmg steel.
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Table 1. Chemical composition of steels used.(mass%)

Steels| C  Si  Mn P S Al Ti N
S1 | 00019 0.02 0010 0.002 0.0002 0.03 0.020 0.0004
Sz | 00023 0.02 0010 0002 0.0030 0.04 0.017 0.0004
S3 | 0.0031 0.02 0010  0.002 0.0095 0.04 0.020 0.0004
S4 | 00026 0.02 0010 0002 0.0170 0.03 0.020 0.0006
T1 | 0.0023 0.002 0.007 <0.001 0.0081 0.03 0.008 0.0004
T2 | 0.0020 0.002 0.006 <0.001 0.0080 0.03 0.015 0.0004
T3 | 0.0027 0.002 0.006 <0.001 0.0080 0.03 0.028 0.0004
T4 | 0.0036 0002 0.006 <0.001 0.0081 0.03 0.057 0.0005
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Fig. 1. TEM micrographs showing precipitates in 0.
02%Ti-added steels S1 ~S 4 after heating
at 1100°C, hot-rolling and coiling at 730°C.
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Fig. 2. TEM micrographs Showmg precipitates in
hot rolled bands S1 ~
(High magnification).
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Fig. 3. TEM micrographs showing precipitates in
0.008%S-~added steels T1 ~T 4 after heat-
igg at 1100°C, hot-rolling and coiling at 730
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Fig. 4. TEM micrographs showing precipitates in
hot rolled bands T1 ~T4.
(High magnification).
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Table 2. Changes in precipitation behavior with slab
reheating tempetature in steel S3.

Slab reheating temperature (°C)

1100 1250
TiS TiS
Ti,C,S, <{Ti,C,S>>
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Table 3. Ti content of electrolytically extracted Ti-
sulfides in steels soaked at various tempera-
tures followed by water-quenching.

Steels Temip. (\C) Ti content (mass%)
for TiS T3 1250 0.008
S4 1100 0.015
for Ti,C,S, S2 1000 0.007
S2 1100 0.004
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Fig. 5. Comparison between observed precipitates
and calculated phase diagram using the solu-
bility products determined by present study.
[ I represents observed precipitates.
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Fig. 6. Calculated mole fraction of precipitates in
steel S 3 using the solubility products deter-
mined by present study.
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Table 4. Previous reports on sulfides precipitation in Ti added ultra-low carbon steels.

Chemical compositions (mass%) Heating Obserbed
Researchers temp. wlfid Remarks
C Mn S Ti N ¢C) sulfides
Sanagi et al®® | 0.0033 0.2 0.01 0.037 0.0034 1000 TiS, Ti,C,S, Quenched after
0.0033 0.2 0.01 0.037 0.0034 1250 TiS heating

Okamoto ef al® 0.0013 0.02 0.004 0.040 0.0026 1050 Ti,C,S,

0.0013 0.02 0.004 0.040 0.0026 1200 TiS Hot rolled after
0.0009 1.4 0.004 0.043 0.0030 1050 MnS heating
0.0009 1.4 0.004 0.043 0.0030 1200 MnS
Kawasaki et a/® 0.002 ~0 0.0015 0.04 0.002 1050 Ti,C.S,
0.002 ~0 0.0050 0.04 0.002 1050 Ti,C,S, Hot rolled after
0.002 1.0 0.0015 0.04 0.002 1050 MnS heating
0.002 1.0 0.0050 0.04 0.002 1050 MnS
Miyoshi ef al!® 0.0008 0.06 0.0065 0.022 0.0025 1200 MnS Quenched after
0.0008 0.06 0.0065 0.035 0.0025 1200 TiS h”;tri‘ alte
0.0008 0.35 0.0065 0.022 0.0025 | 1200 MnS eating
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