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Effect of Morphology of Retained Austenite on Strength and Ductility of TRIP-aided Steel Sheets

Shunichi HASHIMOTO, Takahiro KASHIMA, Shushi IKEDA and Koh-ichi SUGIMOTO

Synopsis :
0.3)%C-1.5%Si-

Effects of nature of matrix and retained austenite such as morphology, volume fraction and carbon content on strength and ductility in (0.1~

1.5%Mn TRIP-aided steels were investigated. In order to change the nature of retained austenite, before heat treatment to

obtain TRIP-aided steels, initial microstructure were arranged to three kinds of states, as-cold rolled, martensite and ferrite-pearlite. When
initial microstructure was controlled to martensite, the highest elongation was obtained and ferrite—pearlite showed the lowest value. This
tendency was obvious in high carbon containing steels. The reason why TRIP-aided steels whose initial microstructure was martensite

showed the highest elongation was considered to be brought about by high stability of retained austenite during deformation. This stability

comes from the fact that austenite was hemmed by ferrite lath having same orientation, in addition to the small size of it.

Key words : TRIP; high strength steel sheet; ductility; retained austenite; stability of austenite; martensite; annealed martensite; plastic deformation.
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Table 1. Chemical composition (mass%) and transforma-
tion temperature (°C) calculated by Thermo-Calc.

Steel C Si Mn P S Al N Ael | Ae3
G1 _]0.10 | 145 | 1.54 | 0.012 | 0.005 [ 0.040 | 0.0061 | 705 | 883
G2 1021 | 144 | 144 ) 0.013 | 0.005 | 0.043 | 0.0060 | 714 | 847
G3 1031 149 | 149 | 0.013 [ 0.004 |0.037 { 0.0060 | 721 | 818
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Fig. 1. Heat treatment procedure.
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Fig. 2. Effects of carbon content, initial microstructure and annealing temperature (7) on mechanical properties.
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Fig. 3. Effects of carbon content and initial microstructure
on work hardening rate.
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Fig. 4. Effects of carbon content, initial microstructure and annealing temperature (7,) on volume fraction of retained austenite

(fyR) and carbon content of retained austenite (Cy).
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Fig. 5.

Effect of initial microstructure, a) CR: as cold rolled, b) M: martensite and c¢) FP: ferrite—pearlite, on optical micrographs

of TRIP-aided steel G2. White shows retained austenaite and/or martensite, black shows bainte and gray shows ferrite

matrix.
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Fig. 6. EBSP analysis of TRIP-aided steel G2 annealed at 800°C. a), b) show orientation maps of bce and fce of initial microstruc-
ture, martensite, and c), d) show orientation maps of bee and fec of initial microstructure, ferrite—pearlite.
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Fig. 7. Transmission electron micrograph of TRIP-aided
steel G2 annealed at 800°C whose initial mi-
crostructure is martensite. y shows retained austen-
ite and AM shows annealed martensite.
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Fig. 8. Effects of carbon content, initial microstructure and annealing temperature (7)) on relationship between volume fraction of

retained austenite (yYR) and total-elongation (T-El).




Table 2. Relationship between orientation, strain and
Young’s modulus in martensite transformation by
one variant.

Orientation | Strain | Young's modulus
1 001 0.139 125GPa
2 [T10 -0.07 200GPa
3 070 -0.014 200GPa
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