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Retained Austenite in 0.4% C-Si-1.2% Mn Steel Sheet Annealed in

Intercritical Range and Austempered

Osamu MATSUMURA, Yasuharu SAKUMA and Hiroshi T AKECHI

Synopsis :

To clarify the formation process of the retained austenite in 0.4%C-Si-1.2%Mn steel intercritically
annealed followed by austempering, changes in fraction of reained austenite (Vy), solute carbon content in
retained austenite (C,) and microstructure with isothermal holding time at 350 ~450°C were examined by
X-ray diffraction measurement and electron microscopic observation.

It was concluded that blocky retained austenite grains with less than 2~ 3 um dia. found in the above steel
and the interlath retained austenite films having been reported by others in the higher carbon (= 0.6C)-
Si-Mn steel annealed at single austenite range and austempered, were the same in chemical stability of
austenite by carbon enrichment, in spite of differences in site and morphology. Formation of blocky
retained austenite may be attributed to the smaller austenite grain size obtained by cold rolling and
intercritical annealing. Addition of Si may cause decreasing of carbide precipitation and increasing Vy
at the holding time the maximum of C,(Cy 4. ) is reached, with Cy ., unchanged.

Key words : high strength cold rolled sheet steel ; carbon steel ; heat treatment; metallography ; intercritical
annealing ; austempering ; silicon ; retained austenite; TRIP.
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Tyxts B1 770 350 0.5 Holding time (min)
AC B2 | 790 5 l l
Salt bath B3 810 450 90 (a) Steel B1 : 1.2%Si (b) Steel B2 : 1.5%Si
(c) Steel B3 : 2.0%Si
Fig. 2. Change in fraction of retained austenite
Fig. 1. Sample preparation (V,) with holding time during austempering.
Table 1. Chemical composition (wt%).
Steel C Si Mn S Sol. Al T.N.* A/ Acs*?
Bl 0.392 1.16 1.20 <0.002 <0.001 0.045 0.0034 744/799
B2 0.383 1.46 1.20 <0.002 <0.001 0.045 0.0066 753/813
B3 0.391 1.99 1.20 <0.002 <0.001 0.045 0.0061 768/836

* Total Nitrogen *2 Estimated transformation temperature (°C)!7
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(a) Steel B1 :1.2%Si (b) Steel B2 : 1.5%Si
(¢) Steel B3 : 2.0%Si

Fig. 3. Change in C content in austenite (C,)
with holding time during austempering.
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(a) Steel B2 : 400°CX0.7min (b) Steel B2 : 400°C X 10 min (the time Cy max is reached) (c) Steel B2 : 400°C X 40 min

(d) Steel B1 : 400°CX7 min (Cypq) (e) Steel B3 : 400°CX 15 min (C

y max)

Photo. 1. Optical microstructure of the specimens intercritically annealed and austempered at
400°C, revealed by blue (ferrite), yellow (austenite or martensite) and brown (bainite).

Photo. 2. Change in electron microstructure (surface replica) of steel B2 with
holding time (a) 0.7 min, (b) 10 min at 400°C, showing austenite (A), ferrite (F),

and martensite (M).
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niz (111) K&t % BV 7285 EF& % Photo. 4 (b) 1271
. Iho X)) nhEkAkE T F2E, £EF%
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Photo. 3. Typical electron microstructures obtained by holding at 400°C for
10 min (steel B2), showing austenite (A) and three types of ferrite (F1, 2, 3).

M B1 :400°C X 7 min M (ZORET Cype:) ©©
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Photo. 4. Blocky retained austenite
among bainitic packets, observed

at the neighboring area shown in
Photo. 3.
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Fig. 4. Relation between C,,., (maximum C
content in austenite) and holding temperature OBl
AB2 B3 X Annealed in single austenite range'®.
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Fig. 5. Variation of V, at C, .. with Si content.
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Fig. 6. Variation of C, at C, .., with Si content.
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