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Effects of Cr and Mo on Retained Austenite Characteristics and Tensile Properties of TRIP-aided Annealed Martensitic Steel

Junya KoBavasHi, Nobuo YosHuikawa, Toshio Murakami and Koh-ichi SugimoTto

Synopsis : The effects of Cr and Mo on microstructure, retained austenite characteristics and tensile properties of a 0.2%C, 1.5%Si, 1.5%Mn, 0.05%Nb

TRIP-aided steel with annealed martensite matrix, “7TR/P-aided annealed martensitic steel; TAM steel”, were investigated to enhance the

hardenability. Volume fraction and carbon concentration of retained austenite were decreased with increasing hardenability, although the

volume fraction was increased in a 0.5% Cr bearing steel. Simultaneously, blocky second phase consisting of carbon-enriched martensite and

retained austenite increased with increasing hardenability. These interesting characteristics were mainly caused by preferential nucleation of

austenite on prior austenitic grain and packet boundaries on intercritical annealing and delayed bainitic transformation during austempering.

Tensile strength of the steels was increased with increasing hardenability, accompanied with the decreased yield stress. Combination of tensile

strength and total elongation decreased with increasing hardenability due to the increased blocky second phase.

Key words : high-strength steel; TRIP-aided steel; micro-alloying; microstructure; retained austenite; annealed martensite; tensile property.
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Table 1. Chemical composition (mass%), estimated martensite-start temperature (Ms, °C) and hardenability factor (I1f;) of steels used.

steel C Si Mn P S Cr Mo Al Nb (6] N Mg I1f;
A 020 1.54 1.53 0.005 0.0005 - 0.039 0.049 0.0007 0.0007 420 14.6
B 021 1.49 150 0.004 0.0019 0.50 0.040 0.050 0.0012 0.0012 407 30.6
C 020 1.49 150 0.004 0.0018 1.00 0.040 0.050 0.0014 0.0013 401 47.0
D 0.18 148 149 0.004 0.0029 1.02 020 0.043 0.050 0.0015 0.0010 407 76.8
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Fig. 1. CCT diagrams of steels (a) A, (b) B, (c) C and (d) D.
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Fig. 2. Heat treatment diagram to produce TAM steel. OQ rep-
resents quenching in oil.
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Fig. 3. Variations in (a) initial volume fraction ( f,,), (b) initial carbon concentration (C,,) and (c) initial total carbon concentration
(f10%Cy) of retained austenite as a function of austempering time (z,) in steels A (®), B (0), C (A) and D (A). Austempering

temperature is 400°C.
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Variations in (a) initial volume fraction (fy,), (b) initial carbon concentration (Cy,) and (c) total carbon concentration ( f;y*Cy,) of

retained austenite as a function of austempering temperature (7)) in steels A (@), B (0), C (A) and D (A). Austempering time is

Fig. 4.
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Fig. 5. Variations in (a) initial volume fraction ( f;,) and carbon
concentration (Cy,) of retained austenite, initial volume
fraction of second phase (f;,) and (b) k value as a func-
tion of hardenability (IIf) in steels A-D austempered at
400°C for 500 s.
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Fig. 6. Optical micrographs of steels (a) A, (b) B, (c¢) C and (d)
D austempered at 400°C for 500 s, in which white and
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Fig. 8. Typical TEM image of steel C austempered at 400°C for
500 s, in which Yg, om and o,.m represent retained austen-
ite, martensite and annealed martensite matrix, respec-
tively.
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Fig. 7. Phase maps, image quality (IQ) distribution maps of bcc and orientation maps of bee and fcc of steels A and D austempered at
400°C for 500 s, respectively. Dark yellow, yellowish green and black regions in (b) and (f) represent annealed martensite (0am),
second phase (M-A constituent) and retained austenite (Yy), respectively.
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Fig. 9. Typical engineering stress (o) - strain (€) curve of steels

A-D austempered at 400°C for 500 s.
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Fig. 12. Computed equilibrium diagrams in steels A, C and D.
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Fig. 15. Two factors controlling initial volume fraction of re-
tained austenite. (1): increasing of austenite fraction, (2):
lowering of carbon concentration in austenite.
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