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Deformation and Transformation Processes of a Multi-phase Sheet Steel Containing Retained Austenite

Jin Hwan Cuune and Young Won Cuanc

Synopsis: The deformation and transformation processes of an Fe-0.28%C-1.419%Si-1.50%Mn steel subjected to various
annealing conditions were investigated using in-situ TEM and SEM straining techniques. The retained austenite (¥y)
was observed in three distinctly different morphological forms, i. e., a film type located between bainite laths, an island
type isolated in relatively large ferrite grains, and a granular type located at grain boundaries especially triple junction
points. When stress was applied on the steel, the ferrite matrix was found to deform first piling-up dislocations at
ferrite- ¥ boundaries. The internal stress fields generated by these piled-up dislocations seem to act as the driving force
for the deformation induced transformation of ¥z. As the plastic deformation proceeded, fracture began with void
formation at ferrite-second phase interfaces leading into subsequent void growth and coalescence until a final failure.
The in-situ TEM observation showed that the transformation of ¥ is accomplished in the two different paths, i. e., %
—twin—a’ and yx—a’. The orientation change resulting from a % —>a’ transformation can be described by the

Kurdjumov-Sachs relationship.

Key words : multi-phase steel ; annealing ; deformation induced transformation ; retained austenite ; transformation induced plastic-
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Fig.1.Schematic illustration of specimen prepara-
tion.
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Fig.2.Configurations of (a)in-situ SEM and (b)in-
situ TEM straining specimen.
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Fig.3.Scanning electron micrographs showing mi-
crostructural change with isothermal transfor-
mation temperature ; (a) T2, (b)T3, (c)T4,
and (d) T5.



REA—AT7H4 G URAHBHMIKOLER L KBBE 667 M

Table 1. Mechanical properties and microstructures of the specimens.

transformation amount yield tensile total tensile strength *micro-
steel temperature of w strength strength elongation X elongation struc:(t:u? S
c) (%) (MPa) (MPa) (%) (MPa-%) ©
T1 w.Q — 394 1407 9.7 13648 ata’
T2 350 10.9 413 1036 20.5 21238 a+B+y,
T3 400 24.1 505 874 34.6 30240 a+B+w
T4 450 29.0 458 950 28.3 26885 a+B+ p%
Ts5 500 12.1 462 948 13.1 12419 a+B+y+P
* o : ferrite, o’ : martensite, y; : retained anstenite
B: bainite, P: pearlite
~HEPENT A S ENT B, DR EERE~EMN S CHMTHANL L THAET 5 1 pmLITD/N S vy,
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LZDDXA P B ENTE, RDOL S REEYDH
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(1) 7 4 v 2K (Film type) : N4 + 4 P Xig=rv7 ¥
A VD7 AMCHELSEET 2%

(2) Bk (Island type) : lLEERIR S 7 2 5 4 PSRRI

Fig.4. Transmission electron micrographs showmg
three tgpes of retained austenite ; (a)film
type, (b)island type, and (c)granular type.
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Fig.5.Transmission electron micrograph during in-
situ straining of an island type of retained
austenite.
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Fig.6.In-situ transmission electron micrographs show-
ing three successive stages of straining for a
granular type of retained austenite.
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Fig.7.In-situ scanning electron micrographs show-
ing four successive stages of straining. Ten-
sile direction is horizontal to the micrograph.

Fig.8.Scanning electron micrograph showing void
formation and preferred particles orientation
in necked portion of tensile specimen. Tensile
direction is vertical to the micrograph.
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o Twin spot

Fig.9.In-situ transmission electron micrographs show-
ing strain induced y-twin ; bright field images
of (a)before and (b)after straining, (c)dark
field image obtained from twin spot, (d)
selected area diffraction pattern, and (e)in-
dexed result of (d).
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Fig.10.In-situ transmission electron micrographs show-
ing strain induced martensitic transforma-
tion ; bright field images of (a)before and
(b) after straining, (c)selected area diffrac-
tion pattern, and (d)indexed result of (c).
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