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Effect of Continuous Annealing Thermal Pattern on Strength and Ductility
of Cold Rolled Dual Phase Steel

Hidenori SHIRASAWA, Yoshiki TANAKA and Kazuhiko KORIDA

Synopsis :

Strength and ductility of cold rolled dual phase steels produced by two types of intercritical continuous
annealing were investigated on three kinds of steels different in carbon, silicon and manganese contents.
Over-aging temperatures of water quench aging (QA) type annealing and direct aging (DA) type annealing
were varied from as water quenched to 500°C. Ductility of steel was evaluated by elongation and hole ex-
panding ratio associated with stretch formability and stretch flangeability, respectively. Although the steel
with the least chemistry showed no significant ductility difference, at the same strength level, between both
types of annealing, the steels with the higher chemistry resulted in conspicuous difference between the two
types, i.e., high elongation was given by DA type annealing and high hole expanding ratio, by the other.
The increased elongation of DA type steel was explained by the high work hardening rate in the relatively
wide range of tensile strain, which is due to the high hardness second phase as well as the formation of re-

tained austenite.

The increased hole expanding ratio of QA type steel mainly resulted from softening of

martensite which increases the resistance for the crack initiation at the interface of ferrite and martensite

by decreasing their hardness difference.
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Table 1. Chemical compositions of steels (wt%)
Steel C Si Mn P S Al N
1 0.08 0.18 0.68 0.076 0.005 0.042 0.0037
2 0.12 0.22 1.47 0.017 0.004 0.023 0.0054
3 0.17 1.34 1.86 0.025 0.002 0.043 0.0040
Soaking
(850°Cx90s) Gas {et
scooling

Quench.temp.(650°C) (13°C/s)

Qver aging (To)

500°Cx240s
AC ss

b) DA type

Temp.

Ti

me
a) QA type

Note : Seaking, gas get cooling conditions and quenching, over
aging temperatures are the same in each type

Fig. 1. Schematic continuous annealing thermal
cycles.
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Fig. 2. Effects of over aging temperatures (To)
of water quench aging {QA) type and direct aging
(DA) type annealings on mechanical properties of
Steel 1.
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(DA) type cold rolled dual phase steels (Steel 1).
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Fig. 3. Effects of over aging temperatures ( To)
of water quench aging (QA) type and direct aging
(DA) type annealings on mechanical properties of
Steel 2.
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Photo. 2. SEM and TEM microstructures of direct aging (DA) type cold rolled dual

phase steels (Steel 3).
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Fig. 4. Effects of over aging temperatures (To)
of water quench aging (QA) type and direct aging
(DA) type annealings on mechanical properties of
Steel 3.
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Fig. 6. Variation of n value with tensile strain.
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MNEL, DA FHRMICHRTERED 2 HE O O3 a4
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Steel 3 over aged at 400°C
Photo. 3. Fractured surfaces of a) water quench
aging (QA) type and b) direct aging (DA) type
cold rolled dual phase steels.

XD ¥—IT72 B 20T & RINLR B X UL T BREF
BV TEWERHER T TFRA FOEESIFl SN 5D 7
WEEi oA, DA FRICLOTHEELZFIRRES
55~60 kgf/mm? @ Steel 2 ASHLEHIE VRIL TR Z IR
F0ik, E2HOKREEITNVT v H A MHTEKS
PR F A4 M THLDTHSH .
BARERWORIETED 5V RHRERRRICE X
T 7, OBBCOVTR, BEBLEZVWLTHAHEY D
Hh, BEEFELHILs€LELBbhsF— 519 ¢
H5H. WTFRH ZOBE»SFHFHICRELADBDOTEL
ASBBEIL L T LEFH S,
5. & a

C, Si B XU Mn DENR 7% 5B EHBE LMK O 786
BB & OHEME % RS SRR K BEA L L - BB R AL
YERT HEFHEMAR (QA HRN) & EHRBRFTHLE
BEICEANCTERMLIE % £+ 5 EHREMTN
(DA BR) LW THELE. 2678 LR
#PTWRT. (1) B—EMELXVTORUIB IR
EFEIE C, Si B LU Mn ORDHEMND 2 VETIEW
FTHROBBAFRICBVWTHIZIZRAETH A, C,Si B
LU Mn DENFEZVWHTIRBEAFRNICEOTRELR
h. BUE DA HARBLDEWEERL, RILIFE
QA RN LV EVELRYT. COKRIBAFA
PBIRT B LICE D2 THU DDV IERILTFTEOT R
- B RN S OTED DI TTRECH D 2 &L 2 RM L
Twa, (2) BAFRCLAMOMUOOHEIIFIRE

KD n EOHETHHA SRS, T4bb, QA FRK
TR EIREMEVIFE T = T A4 P L
FrHA MK E 20T, BUOTAEBTHENE Y o
Ex2RTH, OFAOBERICONT n ElBHEUIET
+20xt L, DA FRMTRILEV O T A2
THENESY nfiZRT. DA FRM O nEXED
WREMICEV VT 9 A4 DBRERT 2130 7, 2
BT AL EIOND, 20 7, BEIRERCH LT
HBHEETHY, GBOTAEETITH nEEifRS
#%. C,Si, Mn ED4 7%\ DA FEM Tt n fEDME L
L6 FTIEED 7, FEBLEWVI EdH, DA FX
W& B nfEQM LR, XVEBEOMRTHEEICLS
LEzZoONMA, (3) QA XM I DBV RILITERE
RTOEAKBEARRICER L2E2HOIVT VA oS
BESNPLBBEED FRICOW TR E LIRS I EITX
DTCT7234 b2 b v 7 REDWEEI/NSLRD,
BRI bR MHOERTO A RBEERI T I 57
HEEZLNS,
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