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Spheroidization of Manganese Sulfide Inclusion during Heating and
Its Effect on Hydrogen Induced Cracking in Rolled Steel

Minoru NISHIDA, Toshiyuki KXATO, and Tomo TANAKA

Synopsis :

Spheroidization behavior of manganese sulfide inclusions and associate decrease in hydrogen induced
cracking were investigated in a hot rolled commercial API-X60 grade steel coil during various heat treat—

ment.

MnS inclusions which were elongated like ribbons in the hot rolled state began to spheroidize at such
a low heating temperature as 600°C, and the extent of spheroidization was remarkable above 900°C. At
an early stage of spheroidization, thin edges of elongated MnS became blunt to have a dog-bone shape,

and subsequently the part was broken into very smal] particles.

At high temperatures at or above 900°C,

even the central part was broken into several spheigs in the later heating stages.

The hydrogen induced cracking was not much reduced by heating below 900°C, but it was decreased
remarkably as the temperature exceeded 1000°C. "The cracking initiated preferentially at large inclu—
sions, and the width rather than the length of the inclusions was correlated more closely with the cracking
susceptibility ; occurrence of cracking increased with the increase in the width.
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Table 1. Chemical composition of commercial
API-X60 grade steel used. (wt %)

C Si | Mn| P S Sol. Al | Nb A%

0.12| 0.16] 1.19 0.019 0.006

| 0.039

0.035} 0.025
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Fig. 1. Specimen shape and device for tension
test in through-thickness direction, which is in-
tended to observe fractured surface parallel to
plate surface.
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Optlcal mlcrographs of steel used (a) :as rolled (b), (c) and (d) heated for 1h
1000 and 1200°C, respectively, and (e¢) and (f) : both normalized at 900°C for 0.5 h,
after heating at 1000 and 1 200°C, respectively.
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Photo, 2. Scanning electron micrographs showing change in MnS inclusions during

isothermal heating at 1 200°C.
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Fig. 2. Change in average aspect ratios on MnS
inclusions in logitudinal and transverse sections
with heat treatment.
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Fig. 3. Change in total number of MnS
inclusions with heat treatment.
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illustrating shape change in MnS inclusions after various heat treatment.
(a) : 600°C for 1 h, (b) : 1000°C forlh, (c) :1200°C for 15 min, and (d) : 1200°C for 32h.
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Photo. 4. ‘C-scan ultrasonic test results shwiﬁg change in areal ratio of hydr‘gefl‘“induced
cracking (dark area) with heating duration at 900°C or 1200°C.
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Tig. 4. Relation between areal ratio of hydrogen
induced cracking and heat treatment. 48, 96 and
144 h in the figure indicated dipping times in
H,S-saturated artificial sea water.
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Photo. 5 Scannmg electron micrographs of fractured surface after HIC test. All area are

fractured by hydrogen induced cracking. (a) :

as rolled and (b) : 1000°C for 1 h.

Photo. 6. Scannmg electron rmcrographs of fractured surface in through th1ckncss direction
after HIC test. Hydrogen induced cracking are observed in vicinity of MnS inclusions. Cracks
are bounded by shear fracture caused by tension test in through-thickness direction. (a): 900

°C for 4 h and (b) : 900°C for 16 h.
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after HIC test. Very small hydrogen induced cracking (shown by arrow) are observed only

in vicinity of large size MnS inclusions.
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Fig. 5. Effect of heat treating condition on ef-
fective MnS size, which is measured for MnS 10
9% from the largest end in the size order.
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Fig. 7. Elliptical penny-shaped crack within
infinite solid.
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