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ABSTRACT: The work aims to improve the mechanical properties of high strength DP980 dual phase steel and optimize the
continuous annealing process. Continuous annealing treatment was conducted on high strength automotive dual phase steel, and
the effects of soaking temperature, soaking time, and overaging temperature of continuous annealing on the microstructure,
phase composition, and mechanical properties of cold rolled dual phase steel were studied. The microstructure of dual phase
steel treated at different soaking temperature was divided into ferrite (F) and martensite (M). With the soaking temperature rising
from 715 C to 865 C, the volume fraction of residual austenite gradually decreased, the tensile strength and yield strength

firstly increased and then decreased, the elongation gradually decreased and the maximum tensile strength and yield strength of
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dual phase steel were obtained at the soaking temperature of 815 ‘C. As the soaking time increased from 0.5 min to 5 min, the

grain size of the dual phase steel gradually increased, the volume fraction of residual austenite firstly decreased and then in-

creased, the tensile strength and yield strength firstly increased and then decreased, the elongation firstly decreased and then in-

creased, and the maximum tensile strength and yield strength were obtained when the soaking time was 1.5 min. With the over-

aging temperature rising from 245 C to 395 C, the volume fraction of martensite in dual phase steel gradually decreased, and

bainite appeared when the overaging temperature was 395 ‘C. Otherwise, the volume fraction of austenite firstly increased and

then decreased, the tensile strength and yield strength gradually decreased, and the elongation gradually increased. The suitable

continuous annealing process for cold-rolled DP980 dual phase steel is: soaking temperature of 815 “C, soaking time of 3 min,

and overaging temperature of 295 ‘C, which can make the dual phase steel have good strength plasticity.

KEY WORDS: DP980 dual phase steel; continuous annealing; process parameters; microstructure; property
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Fig.1 Schematic diagram of continuous annealing process
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Fig.2 Microstructures of dual phase steel at different continuous annealing soaking temperature
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Fig.3 SEM morphology of dual phase steel at different continuous annealing soaking temperature
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Fig.4 XRD spectra of dual phase steel at different continuous
annealing soaking temperature
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Tab.2 Room temperature tensile properties of dual
phase steel at different continuous annealing
soaking temperature

Soaking tem- Tensile Yield

perature/C  strength/MPa strength/MPa Elongation/%
715 979 613 12.5
765 1012 827 10.3
815 1087 905 9.6
865 1 060 886 7.4
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Fig.5 Microstructure of dual phase steel for different soaking time
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Fig.6 SEM morphology of dual phase steel for different soaking time
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Tab.3 Room temperature tensile properties of dual
phase steel for different soaking time

Soaking tem- Tensile Yield

perature/C  strength/MPa strength/MPa Elongation/%
0.5 1 049 887 8.1
1.5 1107 942 7.4
3 1072 894 8.3
5 1053 865 8.7
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Fig.8 Microstructure of dual phase steel at different overaging temperature
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Fig.9 SEM morphology of dual phase steel at different overaging temperature
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Tab.4 Room temper ature tensile properties of dual phase
steel at different overaging temperature

Soaking teom- Tensile Yield Elongation/%
perature/'C  strength/MPa strength/MPa
245 1116 884 7.4
295 1072 880 8.2
345 949 797 8.9
395 884 723 9.1
3 #Hit

1) XFFAS AR kPG B A R A SUR 9, 4]
LU R H OB R R+ B DCR, SR RSN
Y/, H 2~6 pm; MIPGEEE R 715, 765, 815 Fil
865 CH, WU A - L [GAR AR LA 000 5110 61.2%
67.3% ., 68.1%F1 64.5%, 5&4% B FCIR AR AL 5555331
N 5.63%. 4.97%. 3.42%F1 0.2%. FEELBIHGEEE
715 CTHEE 865 'C, MAHMMIPTHIGRSE | Jm iikon g
SCHE S, WS SRR, FEXIIEEE N 815 C
AF, U AR ) 4704 56 T e AR i 3 3k 3 e KA

2) M| A 0.5~5 min B, BUHN I H F+M
RN, HFEE IR AR, SRR R G K
FEXIIAEF RN 3 min B, S CAA L A B B KAk, 4
I R 0.5, 1.5, 3. 5 min B, BUMA 5k 4y [T
RAIEFA B R 7.63% . 4.82% . 7.51%F1 8.36%;
Bt 25 2 TR AN 0.5 min FE 2 5 min, BUMAE9 L
Prom g | e A B S SR U, W R R s 1
FEFIESE] A 1.5 min B 40407 50 BE A Al 58 B Tk %)
SN

3) WA S IRGEE N 245 C FFFE 395 °C, W
AHAR 2 [CARR U BORU N, TR A B Ak Bk
Hfﬁiﬂﬁﬂz?ﬁﬁ?ﬁ 395 CHIH LT DGR, i if sk

URBER 245, 295, 345, 395 CHY, BUFANH 4R 43

EHZMZM&%%MHUJ 8.47% . 8.51% . 10.96% Fil
1.12%. Bl i AR50 B8 K 245 °C ETFZE 395 C, W
AB B BT hrsm BE . i R B T s, SRR
B, TERL I RGREE N 295 CHE, B EA
AU A B SR

Sk
(1] Zg WEMmEmNMERSRED. LERE,

2022, 44(3): 1-8.
LI Lin. Development and Prospects of High Strength
Steel for Automobiles[J]. Shanghai Metal, 2022, 44(3):
1-8.

[2] MedRfe, WvE, Mg, & RGN A
FEAEAETEAT MWFSE[I]. K% W8 TR, 2023, 15(2):
125-131.

(8]

[10]

XIAO Zhen-hua, FENG Ya-lei, FENG Qi-sheng, et al.
Study on the Hot Compression Deformation Behavior of
Manganese Steel in High-strength Automobiles[J].
Journal of Netshape Forming Engineering, 2023, 15(2):
125-131.

WANG M X, ZHAO M A, CHEN S S, et al. Effect of
Annealing Process on Microstructure and Mechanical
Property of Medium-manganese TRIP Steel[J]. Interna-
tional Journal of Materials and Product Technology,

2022, 64(3/4): 265-277.

BE, BEET, W, % RNRINZEFT DPISO
ORS00 2H 2R A1E M AS FE LT 0], BN AR 5% 24 3k

2023, 35(5): 595-604.
XU Yong, DUAN Xing-yu, ZENG Xiang-cheng, et al.
Microstructural ~ Characteristics and  Deformation
Mechanism of DP980 Dual Phase Steel under Different
Strain Rates[J]. Journal of Iron and Steel Research, 2023,
35(5): 595-604.
kB, THF, Ak, 5. DP980 MM h )12k ki
RAF BRI T]. Mk, 2022, 57(2): 157-161.
ZHANG Chun-ju, DING Xuan, YANG Ming-qiu, et al.
Dynamic Mechanical Properties and Constitutive Model
Construction of DP980 Steel[J]. Steel, 2022, 57(2):
157-161.
e, AR, FAYL, 4. DP980 4L R s N LR A T
R WIMERT AT FE[I]. 5L, 2017, 34(3): 69-73.
ZHAN Hua, ZOU Ying, ZHOU Kai, et al. Study on
Continuous Annealing Process and Strength Toughness
Behavior of DP980 Cold Rolled High Strength Steel[J].
Rolling Steel, 2017, 34(3): 69-73.
SINGH K R, CHANDRAWANSHI M, SUDHARSHAN
R, et al. Optimizing Annealing Parameters with Gleeble
Simulation for Cold Rolled Continuous Annealed Dual
Phase Steel Sheet[J].
2018, 5(2): 7303-7309.
FAE, M ETE, SR SE. B CGHEX 800 MPa 2
C-Si-Mn-Cr F ¥ 5L AUAH AN 2H 21 S o7 2 14 6B 1) 5% il F
T[] ZRUEESFHEIOL B 2], 2021, 31(3): 1-3.
SHAN Mei, XIAO Yang-yang, JING Hong-liang. Study
on the Effect of Annealing Temperature on the Micro-

Materials Today: Proceedings,

structure and Mechanical Properties of 800 MPa Grade
C-Si-Mn-Cr Cold Rolled Dual Phase Steel[J]. Journal of
Anhui Metallurgical Technology Vocational College,
2021, 31(3): 1-3.

BRIT, WY, ERAR, . B
FLBUH AN AR S FIZH 2L s 1]
5(6): 1-4.

LI Hui-yuan, DAI Jie-tao, XIAN Ling-biao, et al. Effect
of Annealing Temperature on Phase Transformation and
Microstructure of DP590 Cold Rolled Dual Phase
Steel[J]. Engineering Technology Research, 2020, 5(6):
1-4.

LIY, DU J C, DING W, et al. Influence of Intercritical
Annealing Temperature on Microstructure and Me-
chanical Properties of Medium Mn TRIP Steel[J]. Jour-

B KR BEXT DP590 %
TR AR, 2020,



176

iR

A
14

T

b 2023 4 10 H

[12]

[13]

[14]

[17]

nal of Iron and Steel Research, 2018, 30(3): 185-193.
NEMAI G, GULAB M W, KUMAR M §, et al. Effect of
Continuous Annealing Process on various Structure Pa-
rameters of Martensite of Dual-phase Steels[J]. Archives
of Civil and Mechanical Engineering, 2020, 20(1): 1-10.
FERH, WA, XN, 5. HEURFIEXT 980MPa 2
S R R A BT AR BE FNRLAR AT S B SZ MR [T]. AL T
AR, 2023, 47(1): 100-105.

WANG Qiu-yu, XIA Ming-sheng, LIU Shu-ying, et al.
The Effect of Microstructure Characteristics on the
Formability and Tensile Behavior of 980 MPa Grade
Advanced Ultra-high Strength Steel[J]. Mechanical En-
gineering Materials, 2023, 47(1): 100-105.

RANA A K, PAUL S K, DEY P P. Effect of Martensite
Volume Fraction on Strain Partitioning Behavior of Dual
Phase Steel[J]. Physical Mesomechanics, 2018, 21(4):
333-340.

JAFD, BEACAN, B, SE. SR OR BUE M SR AN
980DH 2 PEREWFFT[J]. WALk, 2022, 43(2):
186-191.

ZHOU Li, XUE Ren-jie, CAO Xiao-en, et al. Study on
the Microstructure and Properties of High Aluminum
Reinforced Formability Dual Phase Steel 980DH[J].
Steel Vanadium Titanium, 2022, 43(2): 186-191.

DENG G Y, LIY, DI H, et al. Effect of Heating Rate
during Continuous Annealing on Microstructure and
Mechanical Properties of High-strength Dual-phase
Steel[J]. Journal of Materials Engineering and Per-
formance, 2019, 28(8): 4556-4564.

W, BT, BRIbiE, % DP9 sk Y sl A i b
P AE S AR RS RIFG FE (D], ¥ M TR 2R, 2022, 29(6):
125-133.

XU Yong, DUAN Xing-yu, CHEN Shuai-feng, et al.
Static and Dynamic Tensile Properties and Constitutive
Model Construction of DP980 High-strength Steel[J].
Journal of Plastic Engineering, 2022, 29(6): 125-133.
M2, R IR T4 DP780 1 SV A A AL S i
RYsZm[I]. %L49, 2021, 38(1): 80-83.

YE Jiang, FAN Lei. The Effect of Continuous Annealing
Process on the Microstructure and Properties of DP780
High-strength Automotive Steel[J]. Rolling Steel, 2021,
38(1): 80-83.

HEVE, AR, BEE, %1000 MPa YA SR AL
MR A IR K T2 e s B0 AR AL (0], A9 R AF 5 2 4k
2019, 31(10): 912-919.

XIAO Yang-yang, ZHAN Hua, CUI Lei, et al. Anneal-

[19]

[20]

[22]

(23]

[24]

[25]

ing Process and Strengthening and Toughening Mecha-
nism of 1000 MPa Grade Microalloyed Cold Rolled
Dual Phase Steel[J]. Journal of Iron and Steel Research,
2019, 31(10): 912-919.
HIDEKAZU M, KYOUHEI N, TATSUYA M, et al. Ef-
fect of Tempering Conditions on Inhomogeneous De-
formation Behavior of Ferrite-Martensite Dual-Phase
Steels[J]. Tetsu to Hagane, 2011, 97(9): 493-500.
WD, MR, AR, % WIREREEX 1000 MPa
PV ELBUHAN B TROULEH 2R AN ) 2 R BRI S I 7). 28K
6 ERH IR 2= BE A i, 2019, 29(2): 1-4.
DAI Yu-fen, XIAO Yang-yang, ZHAN Hua, et al. The
Effect of Overaging Temperature on the Microstructure
and Mechanical Properties of 1000 MPa Cold Rolled
Dual Phase Steel[J]. Journal of Anhui Metallurgical
Technology Vocational College, 2019, 29(2): 1-4.
MOHANTY R R, GIRINA O A, FONSTEIN N M. Ef-
fect of Heating Rate on the Austenite Formation in
Low-carbon High-strength Steels Annealed in the Inter-
critical Region[J]. Metallurgical and Materials transac-
tions A, 2011, 42(12): 3680-3690.
SRICHA, DT, v FLBUR M 2 2218 K 22U 5% 722 o3 B
[1]. #4558, 2018, 38(6): 186-188.
ZHANG Zhao-peng, TIAN Fang. Transformation
Analysis of Continuous Annealing Structure of Cold
Rolled Dual Phase Steel[J]. Metallurgy and Materials,
2018, 38(6): 186-188.
AERE, PRIRZR, 2kse, 5. AT ZX 1180 MPa
ZRURH 9 S A SO ) S P RE R S (7). B9 R PLEK,
2020, 41(4): 145-149.
ZHEN Wei-jing, CHEN Jun-dong, LI Yong-liang, et al.
The Effect of Annealing Process on the Microstructure
and Mechanical Properties of 1180 MPa Grade Dual
Phase Steel[J]. Steel and Vanadium Titanium, 2020,
41(4): 145-149.
ZHANG F, RUIMI A, WO P C, et al. Morphology and
Distribution of Martensite in Dual Phase (DP980) Steel
and Its Relation to the Multiscale Mechanical Behav-
ior[J]. Materials Science and Engineering A, 2016, 659:
93-103.
AMIT K R, SURAIJIT K P, PARTHA P D. Effect of
Martensite Volume Fraction on Cyclic Plastic Deforma-
tion Behavior of Dual Phase Steel:
Simulation Study[J]. Journal of Materials Research and
Technology, 2019, 8(5): 3705-3712.

SHL g HLLR

Micromechanics



