austenite grain boundary, block and packet bound-
aries) as well as within laths and at low angle
boundaries (lath boundaries) by tempering. TEM
observation has revealed that finer cementite is dis-
persed more uniformly in the rapidly heated speci-
men than in the slowly heated specimen. It is con-
sidered that the temperature where cementite precip-
itation starts is raised by increasing the heating rate
to tempering temperature, resulting in a higher nu-
cleation rate and a finer dispersion of cementite.

(cf. IS1J Int., 44 (2004), 1937)

Mechanical Properties

Development of high strength hot-rolled sheet
steel consisting of ferrite and nanometer-sized
carbides

Y.FUNAKAWA et al.

A ferritic steel precipitation-strengthened by
nanometer-sized carbides was developed to obtain a
high strength hot-rolled sheet steel having tensile
strength of 780 MPa grade with excellent stretch
flange formability.

Manganese in a content of 1.5% and molybde-

num in a content of 0.2 % were added to 0.04 % car-
bon Ti-bearing steel in order to lower austenite—fer-
rite transformation temperature for fine carbides and
to retard generating of pearlite and large cementites,
respectively. Tensile strength of hot-rolled sheet
steel increased with titanium content and it was
achieved to 800MPa in a 0.09% Ti steel. Mi-
crostructure of the 0.09 %Ti steel was ferrite without
pearlite and large cementites. Fine carbides of 3 nm
in diameter were observed in rows in the ferrite ma-
trix of the 0.09% Ti steel with transmission electron
microscope. The characteristic arrangement of the
nanometer-sized carbides indicates that the carbides
were formed at austenite—ferrite interfaces during
transformation. By energy dispersive X-ray spec-
troscopy, the carbides were found to contain molyb-
denum in the same atomic concentration as titani-
um. Crystal structure of the nanometer-sized car-
bides was determined to be NaCl-type by X-ray dif-
fractometry. The calculated amount of precipitation-
strengthening by the carbides was approximately
300 MPa. This is two or three times higher than that
of conventional Ti-bearing high strength hot-rolled
sheet steels.

Based on the results obtained in the laboratory in-

vestigation, mill trial was carried out. The devel-
oped hot-rolled high strength sheet steel exhibited
excellent stretch flange formability.

(cf. ISIJ int., 44 (2004), 1945)

Elastic strains of cementite in a pearlite steel dur-
ing tensile deformation measured by neutron dif-
fraction

A.KANIE et al.

Lattice plane strain, i.c., elastic strain, in cemen-
tite plates embedded in the ferrite matrix was mea-
sured by /n situ neutron diffraction during tensile
deformation for a hypereutectoid pearlite steel. The
employment of time-of-flight method and mi-
crostructure control enable us to measure the shift of
cementite peaks along tensile and transverse direc-
tions at the applied stress up to 1.6 GPa. The highest
elastic strains of cementite determined was approxi-
mately 0.015. Heterogeneous plastic deformation
between ferrite and cementite as well as among fer-
rite blocks are discussed.

(cf. ISIJ Int., 44 (2004), 1952)
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