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Optimizing Sulfide Shape Control in Large HSLA Steel Ingots
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Synopsis:

Solute segregation, constitution and distribution of sulfides in Ca-treated compared with RE-treated
HSLA steel ingots have been investigated as a function of the concentration of Ca, RE, S and O. Characte-
ristic S—segregation pattern including bottom cone sedimentation of sulfides is found to disappear at [9%Ca]-
[9%S]°-28<<1 X 10-8 in Ca—treated ingots and at [%RE]:[%S]=1 x 10—* in RE—-treated ingots. The disap-
pearence is named “S-reversal”. These features are reasonably interpreted on the basis of the model pro-
posed earlier to account for the “S-reversal” in RE-treated ingots.

The degree of sulfide shape controlling with Ca or RE can favourably be evaluated in terms of atomic
concentration ratio, ACR, of effective Ca or RE to S in the melt in mold. Sulfide shape control is in-
complete throughout the ingots at ACR of 0.2, satisfactory at 0.4 except for A— and V-segregates, then be-
comes complete even in the segregates at 1.8. By controlling the concentration of Ca or RE and S to fall
within the area bound by ACR=>1.8 and [%Ca]-[%5]*%<1x10-2 or [%RE]-[%S]=<1x10-% on Ca or
RE vs S coordinates, HSLA steels that are totally free from hydrogen induced cracks have been produced for

sour gas service.
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Table 1. Analysis of the melts in mold for the
ingots investigated.

Ingot Analysis (2)
No. S o Ca RE
1 0.005 0.0017 0.0072 —
2 0.005 0.0027 0.0042 —
3 0.005 0.0022 0.0062 —
4 0.004 0.0030 0.0073 —
5 0.004 0.0011 0.0061 —
6 0.004 0.0019 0.0055 e
7 0.003 0.0021 0.0083 —
8 0.002 0.0022 0.0024 —
9 0.002 0.0028 0.0060 —
10 0.002 0.0028 0.0069 —
11 0.002 0.0026 0.0092 —
12 0.004 0-0030 — 0.019
13 0.004 0.0022 — 0.015
14 0.003 0.0029 — 0.036
15 0.003 0.0027 — 0.018
16 0.003 0.0026 — 0.011
17 0.002 0.0022 — 0.010
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Photo. 1. S-prints of wide and narrow face sections of Ca-treated ingot.
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Photo. 2. Negative segregation of S in A-segre—
gate (marked area) at 759, height and
near vertical central axis of the Ca-
treated ingot.
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Photo. 3. Striation of CaS along primary dendrite
arms at 759, height and near edge of
the Ca-treated ingot.
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Fig. 1. Distribution along the vertical central axis
of ingot of [Ca], [O], and [S] for Ca-
treatment compared with that of [RE],
[O], and [S] for RE-treatment.
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Table 2. Impurity distribution in A- and V-
Segregates in the Ca-treated ingot.

Specimen C(%) | P(%) | Ca(%) | S (%)
Melt 0.15 | 0.014 | 0.0072{ 0.005

A-Segregates 0.17 | 0.023 | 0.0022 0.002

Surroundings of
A-Segregates 0.14 0.014 | 0.0038 0.003

Cegg{%aﬁi‘;gho 0.16 | 0.014 | 0.0028 0.002

Qc?ﬁtgg/aa}}iesight) 0.22 0.019 | 0.0008 0.001

Photo. 4. Difference in inclusion sizes between
inside (upper) and surrounding (lower)
of the A-segregate in the Ca-treated
ingot.
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Table 3. Typical inclusions observed in the Ca-treated ingot.

TYPE OF INCLUSION
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Ingot height (% )

Fig. 2. Distribution of the clusters of inclusions
along the wvertical central axis of the
Ca-treated ingot.
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Fig. 3. Change of S-segregation pattern in Ca-
treated ingots with the concentrations of
S and Ca.
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Fig. 4. Change of the area of A type irclusions
with ACR in Ca-treated steels.
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Fig. 6. Change of the length of A type inclusiouns
with ACR.
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Fig. 7. Relation between the projected area of
hydrogen induced cracks(HIC) and ACR.
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Fig. 9. Change of S-segregation pattern in RE-
treated ingots with the concentrations of
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