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Influence of MnS Inclusion on Ductility and Ductile
Fracture Process of High Strength Steels

Setuo OxamoTO, Fukunaga Terasaki, and Taturo KUNITAKE

Synopsis:

The influence of MnS inclusion on ductility and ductile fracture process was investigated using quenched
and tempered 70 kg/mm? class weldable high strength steels with a variation of sulfur content of 0.005 to
0.045 wt %,.

The influence of sulfur content on the tensile fracture strain and impact shelf energy was greater in the
cross direction than in the longitudinal direction, and shelf energy was more affected than the fracture
strain in the low sulfur level. In the case of materials with higher ductility which were tempered at higher
temperatures, the influence became more pronounced. Shelf energies of 2 mm V notched specimen were
nearly the same as those of 2 mm deep fatigue notched and lower than those of 2 mm V notched. The differ-
ence among shelf energies was independent on sulfur content.

In Charpy test, MnS inclusion affected the crack propagation rather than the crack initiation. On the
other hand, in the tesile test, the true strain to crack initiation was pronouncedly affected by MnS inclusion.

The ductile fracture process of weldable high sirength steels consists of two processes: relatively large void
formation around inclusions which is detectable by an optical microscope, and coalescence of a void with
other voids or notch or crack tip through “sheet of voids™ as Rogers proposed. The size of void concerning
“sheet of voids™ in the present paper was very small and of electron microscopic order. A quantiative analysis
made on the fracture surface proved that there existed a fairly good correlation between the shelf energy and
area of small dimples due to “sheet of voids”, suggesting that the coalescence Process was strongly affected
by the matrix properties such as hardness, size of carbide and so on. The carbide particles larger than ap-
proximately 0.1 micron played an important role to the formation of small voids.
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Table 1. Chemical composition of steels used (%5).
Upper values in each column indicate
chemical compositions of 100 kg ingots,
and lowers those of 50 kg ingots.
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Fig. 1. Influence of sulfur content on shelf
energy and fracture strain.

30 as
L N 1300° x Ihr. W.Q.
S~ 4+ 930 °C x Ihr W. Q.
~ N
+ 650 °Cxihr W. Q.
Tl Nl T
e L
- F
o
= -
@
=
o |
b= -
[T} ol =~
A
B 2mmy
2mmy |- | = o~
3 F.C¥ =
L *F.C. : 2mm deep fatigue crack
1 i 1 1 L ] 1 1
o 001 002 003 004
Sulfur content %)

Fig. 2. Influence of notch sharpness on shelf
energy.
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Fig. 3. Influence of sulfur content on crack
initiation and propagation.
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Fig. 4. Influence of sulfur content on crack
propagation in pre-cracked Charpy
impact specimen.
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impact specimen by scanning electron
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Fig. 5. Schematic illustration of Charpy impact
fracture process.
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