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Morphology of Second Phase and Tensile Properties in a TRIP-Aided
Super High Strength Dual-Phase Steel Sheet

Kohichi SUGIMOTO, Masahiro Misu, Mitsuyuki KOBAYASHI and Hidenori SHIRASAWA

Synopsis :

A relationship between retained austenite and second phase morphologies and the influences of these mor-
phologies on the tensile properties have been investigated using a 0.17%C-1.41%Si-2.00%Mn TRIP-aided
dual-phase steel containing retained austenite.

(1) A large amount (above 10vol%) of retained austenite lay isolated in ferrite matrix and away from
hard phase particle if austenite morphology in a+ 7 region during annealing is a network structure or a fine
grained island. In the other case, the retained austenite film (below 5vol%) remained inside the hard
phases and along these lath boundaries. This type of retained austenite was remarkably stabilized.

(2) The retained austenite increased both the flow stress and the elongation. These relationships be-
tween tensile properties and retained austenite content were affected with the morphologies.

(3) The influences of second phase morphology on flow stress appeared to be small in TRIP-aided dual-
phase steel as compared to conventional dual-phase steel because of the retained austenite. While, the
elongation considerably depended on the morphology. The network structure of second phase enhanced in-
ternal stress and strain hardening rate after most of retained austenite had transformed to martensite.
The steel with fine-grained isolated particles exhibited the increased elongation since the void-formation at
hard phase/matrix interface was suppressed as compared to the other type of steel.

Key words : retained austenite; dual-phase steel; TRIP effect; morphology ; second phase; tensile

properties ; flow stress; strain hardening rate.
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Fig. 1. Heat treatment diagrams. Holding time at
900°C and T, is 10%s. FC, AC and OQ in figure
represent furnace cooling, air cooling and quench-
ing in oil respectively.
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Photo. 1. Scanning electron micrographs in steels intercritically annealed at 770°C (TYPE 1,
TYPE 1) or 730°C (TYPE 1l ) and then holded in salt bath at 400°C for 10s or 10%s. Volume
fraction of second phase is about 40 vol%. F and SP represent ferrite and second phases, respec-

tively.
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Photo. 2. Transmission electron micrographs in
(a) TYPE I, (b) TYPE II and (¢) TYPE I
steels intercritically annealed at 770°C (a), (¢) or
730°C (b) and then holded in salt bath at 400°C for
10%. A and F represent retained austenite and
ferrite, respectively.
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Fig. 3. Flow curves of steels intercritically annealed at 770°C (TYPE I, TYPE 1) or 730°C (TYPE
II) and then holded at 400°C for (a) 10s to (d) 10*s. Volume fraction of second phase in each steel is
about 40 vol%. Numerals in figure represent volume percent of retained austenite.
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Fig. 4. Relationships between tensile properties
and volume fraction of retained austenite. i, in fig-
ure represents holding time at 400°C.
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with 0.11%C-0.22%Si-1.36%Mn ferrite-martensite
dual phase steel.
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Table 1. Measured Lattice Parameters (LP) and

Estimated Carbon Concentrations (ECC) in retained
austenite phase of TYPE I- TYPE [ steels.

TYPE LP(A) ECC(wt%)
I 3.6002 1.146
i 3.6092 1.338
m 3.6054 1.257
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