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Microstructure and the Mechanical Properties of Dual-phase
Steel Produced by Intercritical Annealing of Lath Martensite

Naomi MATSUMURA and Masaharu TOKIZANE

Synopsis :

Microstructure and tensile properties of a dual-phase (martensitetferrite) Fe-2.39%,Mn-0.05% C-
0.03%Nb steel produced by intercritical annealing of martensitic specimens have been studied. In order
to assess the effects of prior austenite grain size on microstructure and tensile properties of the dual-phase
steel, the martensitic specimens with widely different prior austenite grain sizes were prepared by thermal
cycling and thermomechanical processing. Coarse dual-phase structure consisting of fibrous martensite
and ferrite was obtained by intercritical annealing of the specimens with coarse prior austenite grain size.
A characteristic fine dual-phase structure consisting of homogeneously dispersed fine martensite particles
and fine ferrite grains was obtained by the intercritical annealing of the specimens with ultra fine prior
austenite grain size. The fine dual-phase structure was superior in both strength and ductility to the coarse
dual-phase structure over a wide range of martensite volume fractions examined. It is concluded that
better combination of strength and ductility of the dual-phase steel is achieved by intercritical annealing
of the martensitic specimens with ultra fine prior austenite grain size which is obtained by the thermo-

mechanical processing.
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Table 1. Chemical composition of the steel (wt%).

C Si Mn P S Cr Nb Sol Al Total Al Total N

005 0.01 2.26 0.005 0.003 0.02 0.027 0.033 0.035 0.0019
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Fig. 1. Schematic diagrams of heat treat-
ment and rolling schedule of the speci-

mens. (T indicates the intercritical an-
nealing temperature which was varied be-

tween 715°C and 800°C.)
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(a) series A, (b) series B, (c) series C. (etched by 3% nital)
Optical micrographs of as-quenched structure observed in the specimens prior to
the intercritical heat treatment.

Photo. 1.
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(a) series A, (b) series B, (c) series C. (etched by LE PERA’s etchant!”)

Photo. 2. Optical micrographs of intercritically annealed (at 740°C) structure.

(a) series A, (b) series B, (c) series C. (etched by LE PERA’s

etchant17?)

Photo. 3. Optical micrographs of intercritically annealed (at 760°C) structure.

(a) series A, (b) series B, (¢

series C. (etched by 3% nital)

Photo. 4. Optical micrographs of intercritically annealed (at 740°C) structure.
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(a) series A, (b) series B, (c) series C.

Photo. 5. Transmission electron micrographs obtained from the intercritically annealed

(at 740°C) specimens.

20
A O
SI I B o
c C -
NN
=] \; [ ]
L=
Sio| < o
m \h%\
3 \b\\
o |
.g 5 %\_
§§
0
0 20 40 60

fm(%)

Fig. 2. The relation between uniform elongation
and the volume fraction of martensite (fm).
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Fig. 3. The relation between total elongation and
the volume fraction of martensite (fm).
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Fig. 4. The value of 0.2% offset flow stress (y-5)
and tensile strength (o) as a function of the
volume fraction of martensite (fm).
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(a) series A, ey=5.4% (b) series B, ey=7.0% (c) series G, ey=11.3%. (Arrows indicate the tensile direction.)
Photo. 6. Scanning electron micrographs obtained from the intercritically annealed
(at 740°C) specimens deformed up to the uniform elongation (ey).

(a) series A, ¢=7.5% (b) series B, e=11.3% (c) series C, ¢=14.2%.
Photo. 7. Scanming electron micrographs obtained from the necked region of the
intercritically annealed (at 740°C) specimens.
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(a), (b), (c);series A, holding time 20, 30 and 600s respectively.

£

(d), (e), (f);series B, holding time 15, 20 and 300s respectively.
(g), (h), (i) ;series G, holding time 10, 20 and 60s respectively.

Photo. 8. Optical micrographs showing the changes in structure of each series A, B and

C during intercritical heat treatment at 740°C.
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(a) series A, ey=5.4% (b) series B, ey=7.0% (c) series C, eg=11.3%.

Photo. 9. Transmission electron micrographs obtained from the intercritically annealed (at
740°C) specimens deformed up to the uniform elongation (ey).
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