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Precipitation Behaviour of Titanium Carbo-sulfide in Extra-low-carbon Titanium-added Steels

Katsumi Yavava and Masakazu Nukura

Synopsis : Precipitation behaviour of titanium carbo-sulfide in extra-low-carbon titanium-added steels was studied in detail by

Transmission Electron Microscopy (TEM).

Co-precipitation of TiS and MnS was observed to form in chain-like groups at austenite grain boundaries during
holding the specimen at 950°C after reheating at 1250°C. This seemed to result from preferential precipitation at
interfaces with the help of preceding grain boundary of S. On the other hand, hot working at 950°C suppressed the
co-precipitation of TiS and MnS at austenite grain boundaries through recrystallization, and enhanced the strain-
induced Ti,C,S, homogeneous precipitation within austenite grains. In the case of reheating at 1250°C followed by
holding at 950°C, and then keeping at 700°C, co-precipitated TiS and MnS at prior austenite grain boundaries gradually
changed to Ti,C,S, with the keeping time, and also fine precipitation of Ti,C,S, additionally occurred within ferrite

grains.
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Table 1. Chemical composition of steels (mass%%).

Sample|C(ppm) Si Mn P(ppm) S(ppm) Ti s.Al t.N(ppm)

A 22 <0.02 0.15 50 4 0.04 0.001 43
B 21 <0.02 0.16 50 28 0.07 0.023 45
C 24  <0.02 0.16 50 115 0.07 0.020 39
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Fig. 1. Equilibrium solubility curve of Ti-S system.
(Liu et al) Solid circles correspond to com-
positions of samples.
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Fig. 2. TEM micrographs of extraction replicas of
samples quenched from 950°C (a)S:0.0004, (b)
0.0028 and (c)0.0115 mass%, respectively.

,}h;mﬁ;

,MJ&LJ% A }K‘mw._fﬁ

3

e

Fig. 3. High magnification TEM image of the lod-
type precipitates and nano probe diffraction
pattern obtained from point 1 and EDX
spectra from the each point. Cu and Al is
from grid and from replica film, respective-
v.
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t (Parallel detection type Electron Energy Loss Spectroscopy)
t2 (Energy Dispersive X-ray Spectroscopy)
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Fig. 4. (a) Typical moire fringe constructed with
TiS and MnS. (b) Diffraction pattern
obtained from two precipitates. Symmetri-
cal weak spots around fundamental spots
(TiS) correspond to multiple diffraction
spots (symbol M).

Table 2. Chemical composition of precipitates
which appeared at around 950°C.

Analyzed points| Ti(at%) Mn(at%) S(at%) (Ti+Mn)/S
1-1 48.7 0.9 50.3 0.99
1-2 12.8 39.6 47.6 1.10
1-3 0.7 46.0 53.3 0.88
2 15.6 34.7 49.7 1.01
3 24.4 23.6 52.0 0.92
4 20.6 30.3 49.2 1.03
5 9.5 43.7 46.9 1.13
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Fig. 5. TEM micrographs and typical EDX spectra of precipitates in

AL

samples held at 950°C from 1min (a) 10min

(b) and 30min (c) and quenched from 950°C. (5:0.0028mass%)
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Fig. 6. TEM micrograph and typical EDX spectrum
of the precipitates in a sample (S:0.0028
rr;la?is%) held at 700°C for bmin and quen-
ched.

Fig. 7. TEM micrographs of extraction replicas of
samples quenched from 700°C (a)S:0.0004,
(b)0.0028 and (c)0.0115mass%.
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Fig. 8. (a) Typical TEM micrograph of precipitates
which appeared at « region. (b) EDX and (c)
EELS spectrum obtained from these precipi-
tates.
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Fig. 9. TEM micrographs and typical EDX spectra
of precipitates in samples (5:0.0028mass%)
held at 700°C for 1min (a), 30min (b) and
quenched.
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Fig. 10. A precipitate observed in the samples with
1024 reduction at 950°C and its EDX spec-
trum.
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Fig. 11. (a) Optical micrographs of steels oxidized
at 1000°C. Arrows indicate frozen y garin
boundaries. (b) v garin boundary observed
by TEM. (c) A change of I(S)fI/(Fe) ratio
across the y garin boundary.
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