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A Laboratory Study on the Processing Factors for Cold-rolled

Dual Phase Sheet Steels
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Kazuo KovyaMA, Osamu AKISUE, and Teruaki YAMADA

Synopsis :

Dual Phase structure formation in the intercritical annealing method is strongly affected by the cooling
stage. Role of the cooling stage consists of (a) carbon enrichment into the untransformed austenite, (b)
avoidance of pearlite formation and, (c¢) martensite and retained austenite formation. Significance of
a two-stage cpoling can be explained on the above basis.

Employment of a rapid heating and a short-tipe intercritical holding produces a highly bake-hardenable
dual-phase steel with a large work-hardening capacity. This phenomenon is supposedly related to a

transient state of solute carbon partitioning in the intercritical temperature range.
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Fig. 1. A schematic representation of production
procedure for cold-rolled, Dual Phase steels.
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Fig. 2. Effect of cooling rate on yield—to—tensile
ratio and ductility parameter, after heating at

780°C for 1 min.
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Fig. 3. Materials and thermal history employed
to examine structures and mechanical properties.
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Photo. 1.

Martensite islands surrounded by dislocations (a)

and bend-extinction contours (b)

in the ferrite matrix, and retained austenite A (c), in the air—cooled 2% Mn steel.
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Fig. 4. Mechanical properties and the second
phase volume fraction as a function of quenching
temperature.
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Fig. 5. Effect of cooling condition on internal
friction.
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Fig. 6. Mechanical properties and the second
phase volume fraction as a function of quenching
temperature.
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Fig. 6. Quenching at temperatures of 600°C or higher produces a ferrite-martensite structure,
whereas at 500°C or lower results in a structure of ferrite—pearlite.
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Fig. 7. Material and experimental procedure for
a low-tensile Dual Phase steel.
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Fig. 10. Relation between manganese content and
critical cooling rate in Dual Phase formation, after
a 60s intercritical soaking preceded by a rapid
heating.
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Fig. 11. Manganese content vs. critical cooling

rate relationships similar to Fig. 10, including those
obtained after 20 and 180 s intercritical soakings.
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Table 1. Mechanical properties, work-hardening
and bake-hardening indices of two dual-phase
steels produced by a short-time intercritical an-
nealing illustrated in Fig. 12.

Steel ¥YS TS TU-EI T-El Y-El Y5/TS WH BH
€€l MPa MPa % % % MPa MPa

0.07C

0. 5S8i 343 609 24.3 28.4 0 0. 56 79 85
1. 1Mn

0.06C
0. 07Si 304 601 24.3 28.8 0 0.51 105 91
1. 5Mn

Specimen : 0. 7mm(t) X50 mm(G. L.) x 12. 5 mm(G. W.)

YS etc: directional mean values; [¥YS(L)+2YS(D)+YS(T)] /4 etc.
WH : work hardening due to 2% tensile strain.

BH : bake hardening due to heating at 170°C for 20 min.

775°Cx40s

Temperature

200°Cls
40°Cls  \/

Time
Fig. 12. Thermal history which the steels in Table
1 underwent.

Table 2. Natural aging response after 10 months.

AYS AY-El AT-EI
Steel MPa % %
0.07C 0.5Si 1. 1Mn +12 +0.4 —-0.9
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A ARG T =R E L FOERCHT BRI
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HAERCEH OB R2EKT 5.

3 &

750~850°C. > Fe > C, Mn JEF OSEH ikt BELE
EHEZLTHD. IBERB D=Dyexp(—Q/RT) T T
5 Dy 5EUQE LT Table A DEXRATHO (&=
L aFe > Mn KB LTRETNET— 2 RNRY
1267, rFe 7D Mn D7 — 24 rFe o HTHL
WO ENITIZIER N 0D, aFe D HOHBE AR

Table A. Values of frequency factor (D,) and
activation energy (Q) for diffusion coefficients
of carbon and manganese in iron.

in r Fe

) in a Fe
Dy cm¥s Qkeal/mol Dy cm?¥/s Qkcal/mol
C 0.1 32 10-2 20
Mn 0. 49 66 W?) 60( ?)

Table B. Calculated mean diffusional distances of carbon and manganese atoms in iron.
(in cm)
Time 20s 180s
Temperature 1023K 1073 K 1123K 1023 K 1073 K 1123 K

in 7 Fe c 5.6x10-4 8.2x10°% 11x 10~ 17x10-+ 25x 10~ 34x10-*
Mo 3.1x10-7 6.6x10-7 13x10-7 9.3%10-7 20x10-7 39x10-7
in a Fe c 34x10-¢ 42x10-4 5210~ 101x10-* 127x10-* 157 x 10-*
Mn 19x10-7 39107 71X 10~ 57107 116x10-7 214 % 10-7
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EoExH 2 THRE).

FIILEEERE /D (¢ xBSR, ) wEET B L,
Table B 0 Z &< TtHh%.

CRET OGS i+ 5 &, Mo BEFD%h
IES LE B RBE /X,

CIEF DIBERE DR EREME bE X T, “IEFE
B 7s:BWI” 12 2 MBS 10 B IERIE B O e
B LB, 2R TO aWES BT r BEAK
p~20p BE LT, C ok, 7o&z 1023K
(750°C) 20s D T H BB A I3IT » - — 3 5 BEw+
DECE S Ebhsa, allE r H~0 CoONE
MAHDO RETHEI NS Z 2 EETNETHSH.
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