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Microstructure, Work Hardening and Ductility of Continuously
Annealed Dual Phase Steel

Kazutoshi KUNISHIGE, Noriaki NAGAO, and Mausashi TAKAHASHI

Synopsis:

Dual phase steel sheets offer potential for weight reduction in automotive components, because of
combination of excellent formability and high strength.

In this paper, a study is made on the effect of heating temperature on the properties of hot rolled
dual phase steel, which is obtained by continuous annealing of a steel containing 0.069,C-2.69,Mn.

The result can be summarized as follows.
1) The steel heated up-to about Ac, has very fine ferrite/martensite structure and also excellent
strength-ductility combination. This superior ductility is caused by the improvement of local elongation
related to its unique microstructure. ‘
2) Retained austenite is observed in dual phase steels and its volume fraction is 3-5%. However the
retained austenite can be easily transformed to martensite by tensile strain and completely disappears
after small strain of 0.05.
3) Work hardening of dual phase steel consists of three stages up-to necking. The first stage of work
hardening is related to volume fraction and mean diameter of second phase. The next one is related
to volume fraction of retained austenite and the last one is only related to volume fraction of second
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phase.
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TR Uil o Zh RS s XOSBABEEEL 3.5 mm
JEoFEM 2 H-. BMEE X, 30mm & x 60mm ig
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Table 1. Chemical composition of the steel
used. (wt%)
C Si Mn P S Al ’ N
0.06 0.10 2.57 0.004 0.004 0.018 0.0067
1250% x 20min
30— 3.5 mmt
.~ FT:820°C HT:700-800°Cx 605
Spray :
Cooling
FCZ;tC Air Cooling
/ *Crh at 5%Cls
CT:800°C [/\4 4

25min
Fig. 1. Laboratory simulation method for hot
rolling and continuous annealing.
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DUTHREE 2 LR oW, XERF VT RIT S
7254F (RAFVHAL) EF—ATFFALDER
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Mis X 5, 750°C BRI 7 = 54 b ORLRICE
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WiRd. BEEEUACEMEE ¥ & 700°C @i b LT,

Table 2. Microstructural analysis of dual phase
steels obtained by continuous annealing.

Heating Ferrite Volume fraction Mean diameter

temperature grain size of second phase of second phase
cc) (e) (9% ()]
750 6.8 18.5 4.7
800 6.1 17.3 4.0
850 4.7 16.5 3.0
900 5.0 15.8 3.4
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Photo. 1. Microstructural changes with heating temperature of continuous annealing (etchant ; 29, Nital),

: a) 750°C, b) 85
Photo. 2. Electron micrographs, showing change of ferrite/martensite distribution by heating temperature.
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Fig. 3. Relation between tensile strength (TS)
and total elongation (T-El) or uniform elonga-
tion (U-El).
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Fig. 4. Effect of heating temperature on elonga-
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Fig. 6. Change of volume fraction of retained
austenite (V¢ of y) by straining.
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DEIMZ =51 P BERL, SRLEBRA —257F+1
M CHRBELERZET2EELLRB. i, 850
°C pnZRei b EMERY ET 5D Acy AEBE LN
WEXh A—ATFHA v MR Shaicdh s BRI
5.

— 54 —



MR LA Ao TE LS L EECRETEEEARORE 1181
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c=K:en-. ceeiee (1)
2T, 6 REEN, ¢ REOTEL, KBERTT
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OFa C—EOM T LEEZ RS T, 3BRECLEL
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LHT B L, ¢<0.008 DEEHE T TIX—ED n HRRE
¥, BRI, MTI—EorflizxRd. LnL, £0.05
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80

e

E 60t
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é 40 F
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Nominal Strain (%)
Fig. 7. Typical stress-strain curves, showing the

variation of S-S curve arised from heating tem-
perature.
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Fig. 8. True stress (g)-true strain (e) curves,
showing the variation of work hardening behavior
by heating temperature.
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S | €=0006 BAGRAIERIL L, £ DOAENL ¢=0.104, 0.140 frks Dk D
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10 ' ' ' DN ORMTHREI N, (4) RAEILL, FionF

036 018 020 Qa2 Q26
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Fig. 9. Relation between parameter (V;/d)!/? and
work hardening rate (do/de) at strain stage I,
defined in Fig. 8, where V; is volume fraction of
second phase and ¢ 15 mean diameter of second
phase.
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E=003¢4 Ez0034
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2 1 1 Il 1 1 1 1
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12 ( ‘:,lll) v

(Vt/a)
Fig. 10. Relation between work hardening rate
(do /de) and parameter (V¢/d)!/* or volume frac-
tion of second phase (Vy) at strain stage II, defined

in Fig. 8.
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Fig. 11. Relation between work hardening rate
(do/de) and parameter (Vi/d)1/? or volume frac-
tion of second phase (V) at strain stage II1I, defined
in Fig. 8.
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030  Figure : Heating Temp. (°C)
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Fig. 12. Relation between work hardening coef-
ficient (n value) and —4Vg of y, where 4V; of 7
is total variation of retained austenite between true
strain 0.008 to 0.05.
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Steel ; 0.07 C-0.5 Si-1.5 Mn-0.04 Al
Heat treatment ; 800°C — AC 1o 550°C —WS.

Photo. 3. Electron micrograph of the tip of frac-
tured tensile specimen, showing the void initiated at
the interface between ferrite and large islands ot
martensite.

SR St
Heating Temp. : a) 750°C, b) 850°C
Photo. 4. Electron micrographs of the tip of frac-
tured tensile specimens, showing the difference of
void propagaticn in the steels which have different
martensite distributions.
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