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Tensile Properties and Fracture Toughness of Two-phase 0.2 % C-
Ni-Cr-Mo Steel

Tetsuya Sa1To and Tku UcHivama

Synopsis:

Two—phase steels of ferrite-martensite were used to study the tensile properties and plane strain fracture
toughness which was estimated by experimentally determined critical J—value. The ferrite—martensite two—
phase structures of a 0.2% C-Ni-Cr-Mo steel were obtained either by heating at intercritical temperatures
and quenching or by hot-rolling (rolling reduction of area=50%) at that temperature range and direct
quenching,

Main results obtained are as following.

(1) The 0.2%, offset proof stress and tensile strength decrease with an incresae in the volume fraction of
the ferrite phase; this shows a deviation from the so—called mixture rule.

(2) The tensile ductility is not improved by mixing of the ferrite phase in the range of small volume
fraction.

(3) The fracture toughness remains nearly constant in the range of small volume fraction of ferrite phase.
This may be attributed to the fracture at ferrite—martensite interfaces.

(4) The tensile properties and fracture toughness are improved by hoi-roiling and direci queuchiug
in comparison with those by heating at intercritical temperatures and quenching. One of the main reasons
of the improvement in the fracture toughness seems to be the relaxation of plastic constraint due to the fracture
along the mechanical fibers produced by the hot-rolling.
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Table 1. Chemical composition of the steel used (wt%).

c Si Mn | P S Ni Cr Mo Al N
0.20 0.25 0.51 | 0.009 0.012 1.72 0.46 0.15 0.032 0.0098
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Fig. 1. Schematic diagram of material treatments.
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A) V,=0.0, as quenched (wlg)
B) V,;=0.17, as quenched (x1g) E) V,=0.25 tempered at 250°C (yl;)
C) V;=0.29, as quenched (yTg) F) V;=0.67, tempered at 250°C (yIz)
Photo. 1. Optical micrographs of ferrite-martensite two-phase microstructures obtained by heating.
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A) V,;=0.32, as quenched, prior heat treatment; normalizing (¥11g) (Parallel to the rolling direction)

B) V;=0.39, tempered at 250°C, prior heat treatment; normalizing (y1Iy) (Perpendicular to the rollimg direction)

C) V;=0.32, as quenched, prior heat treatment; quenching (gllg) (parallel to the rolling direction)

D) V,;=0.37, tempered at 250°C, prior heat treatment; quenching (gIly) (Perpendicular to the rolling direction)
Photo. 2. Optical micrographs of ferrite-martensite two-phase microstructures obtained by hot-rolling

and direct quenching.

Photo. 3. Transmission electron micrograph of 250
°C tempered two-phase structure obtain-
ed by heating. V;=0.29 (yI7).
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Fig. 2. Mg-temperature and volume fraction of fer-
rite phase as a function of austenitizing
temperature, at which specimens were held
for 1h.
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Photo. 4. Transmission electron micregraph of 250
°C tempered two-phase structure obtain—
ed by hot-rolling and direct quenching,
prior heat treatment ; quenching.
Vi=0.37 (olIy) The surface of the thin
foil is perpendicular to the rolling

direction.
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a) V,;=0.0, as quenched (ylg)
b) V,=0.0, tempered at 250°C (yIz)
c) V;=0.46, as quenched (yIg)
d) V,=0.46, tempered at 250°C (yIp)
Fig. 3. Typical stress-elongation curves of speci-
mens with two-phase structures of various
fractions.
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2000

Solid Marks : As Quenched
Open Marks : Tempered at 250°C

800

Yield Stress, oy & UTS, oy (N/mm?) .

200

0 30 60
Ferrite Volume Fraction, Vg (%)

@O Two-phase structure obtained by hcating (ylg
and yI7)
B[] Two-phase structure obtained by hot-rolling,
prior heat treatment ; normalizing (yIlg and y11z)
AA Two-phase structure obtained by hot-rolling,
prior heat treatment; quenching (¢llg and gllz)
Fig. 4. 0.29 offset yield stress and ultimate tensile
strength as a function of the volume fra-
ction of ferrite phase.
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Fig. 5. Total and uniform elongation and reduction
in area as a function of the volume fract-
ion of ferrite phase. The marks used
denote the same as in Fig. 4.
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Fig. 6. Work done to the unit thickness of the
specimen as a function of crack length
for the specimens with as quenched two-
phase structure obtained by hot-rolling
and direct quenching, prior heat treat-
ment ; quenching. V,=0.39 (¢l r)
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Solid Marks : As Quenched 000 —
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Fig. 7. Plane strain fracture toughness of two-phase
materials as a function of the volume
fraction of ferrite phase. The marks used
denote the same as in Fig. 4.
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A) V;=0.0, as quenched (ylg)

B) V,=0.29, as quenched (xlg)

Photo. 5. Scanning electron fractographs of tensile
specimens with two-phase structure obtain-
ed by heating.
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TEBCBWTY, Fig. 7oL RX ST, v
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Photo. 6. Scanning electron fractograph of fractured
surface adjacent to the fatigue precrack
in bending specimen with as quenched
two-phase structure obtained by heating.
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Fig. 8. Plane strain fracture toughness of two-
phase materials as a function of 0.2%
offset yield stress. The marks used denote
the same as in Fig. 4.
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Photo. 7. Scanning electron fractograph of fractured
surface adjacent to the fatigue precrack
in bending specimen with 250°C tem-
pered two-phase structure obtained by
hot-rolling and direct quenching, prior
heat treatment; quenching. V,=—0.37
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