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Study on the differences in microstructure, mechanical properties, and
deformation mechanism between DH and DP steels

Zhou Li', Xue Renjie2*, Cao Xiaoen’, Wen Caijun4
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Center, Hansteel Company, HBIS Group, Handan 056015, Hebei, China; 4. Material Science and Engineering School,
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Abstract: High speed tensile test, comprehensive forming test, field emission scanning electron micro-
scope (SEM), X-ray diffraction (XRD), electron backscatter diffraction (EBSD) and other characteriza-
tion methods were used to study the differences of microstructure and properties between DH780 and
DP780 cold-rolled dual phase steels. The research shows that the main differences between the micro-
structures of DH780 and DP780 steels depend on the occurrence of retained austenite. The former has
about 5.1% retained austenite, which is located at the phase interfaces and ferrite grain boundary in the
blocks, thin films, chains and fine particles appearances. It has a significant TRIP effect during deforma-
tion. At the same time, the retained austenite has more slip systems, which can effectively retard the dis-
location accumulation, stress concentration and crack initiation. DH780 has better strength-ductility bal-
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ance (TS x EL) and hole expanding performance than DP780. High speed tensile test shows that DH780
has higher strain rate sensitivity than DP780; With the increase of strain rate, the strength-ductility bal-
ance (TS x EL) of DH780 increases to 38.83 GPa-%, and the energy absorption performance is signific-
antly enhanced.

Key words: dual phase steel, retained austenite, TRIP effect, strain rate, strength-ductility balance( TS %

EL), hole expanding performance
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Table 1 Main chemical compositions of experimental steels %
s C Mn Si P S Cr Al Nb Ti
DH780 0.17~0.19 2.1~23 04~0.5 <0.010 <0.005 0.18 ~0.21 0.7~0.9 0.02 ~ 0.04
DP780 0.09 ~0.12 20~24 0.5~0.6 <0.010 <0.005 0.28 ~0.30 0.02~0.03 0.02 ~ 0.04
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Fig. 1 Schematic diagram of the sample for high-speed
stretching tests
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Fig. 4 Scanning electron microscopes of DH780 and
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Fig. 6 Engineering stress-strain curves
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90° 541 843 183 16.27

232 PoALEEREXT LAY

Y& GB/T 24524-2021 (4 J@ b RE A A AT
LRI 715 )43 XA S A9 DH780 il DP780 i
AT FLEAGI, M 3 RECEY{E . DP780 XY
fLEN 50.32%, i DH780 iXFEY FLRIEF] 74.61%,
1 DP780 & F+ 48.27% . ¥ fLik gt i rh Sk k42
fil AR T 1 (™ 2% BHILJ5 A ) 32 He i /R,
AR e (™ 2 B35 A AMID) 52 3k 1 SR
PAL R AR BRI ASE AR T T R, b
AL EARAYBE R, B M2 B A TR N R,
2RI b Aol AR R st HE RS S A I, AL
FH o % B A0 1) AN EE A, 7 R A 5 AR
J7 5 45043 o T AR A [ e B v, SRR bR
MR TELH Ty 1], e e T L ) Ay i) b 30, HAA
i 8 .

T TR S S [CARRE L | S5t o
AN, 52 1 AR AR T Be A TE 3 25 7, ST
R ZE A/ FCAR AR 1T Ak = A 0 g B v, XA S vl
b7 1B AR ZE A 1B I i i A= 2L, IF BB
AT 3 PR SO R A/ S AR A BT Ak e . Tk
MLHLUEE AT T, DH780 5 DP780 i 41 LIk
RIRERE R SRR 3, A8/ NS5, P FLAR

eI, AEAETEAR AR TR, IEAE A S AR A
A SER, WG W 1, B IR S T G S 1, 7E
FHS T AR AN BTS2 21 5 i 25, T A, Fy S v, 2
KIBCHZEOR . X8 DH780 A7 7EZY 5% 5%
ARG, B CIR BT 3 20 88 2 A AT 008 v
FERH, IR 7/ AR 3R 4% B IG AR TRIP %00 5 H
3, INITHELE T 1 14 i S80I A

(a)DH780; (b)DP780
E 8 #HILRLENRIR

Fig. 8 Macro morphology of reaming cracks

& 9 ik g N LI 5 Wt F OIS, P
S W%, DH780 1) 5 4 K HLBR . #5586 I i,
Il DP780 #) &3 X #7% . ToPl i E . TR
fLidFEr DH780 HiJmil AR T ey sk, HoAT T &
IAVES Y FLIERE

‘ (a) DH780; (b) DP780
9 ORI

Fig. 9 Fracture morphology of reaming cracks



55 6 1 Ji #1, 5F: DH& DP R BHZHEY ., J12PEae KR AL 2 2 - 191 -
. IO AR % B M R A, DH780 58 ¥ BB i =
3 £% 38.83 GPa- %, W REVERE W & 1Yo
1) iR I DH780 H kK, DGR . o4 LG 3) DH780 5% /% B8 [ TE BV s i vh i A

PARZE A, FCrP oA LGRS i 24 5.1%, BHolk Wil S IR, TRIP ZUN 35 SC B ARHE PEFE T [l
R BRIR- G NEDIR, B F AR T SR AR AL, R 2 R A B0 (R HELE

2) P WAL R AL T, AR RS . P N 15 5RO B TE K, {15 DH780 % DP780

R B T R PSR a3 DH780 % DP780 HA H =11 BAESY LR, P fLRLE] 74.61%.

SE Mk

(1]

[2]

[4]

[51]

[7]

[8]

[91

[10]

[11]

[12]

Tang Di, Zhao Zhengzhi, Mi Zhenli, et al. Advanced high strength strip steel for automobile[M]. Beijing: Metallurgical
Industry Press, 2016.
Rk, AR RS, RARA, 5. I ek S s ARty B [M. bt 16 4 Tl ikt 2016.)
Kang Yonglin. Theory and technolog of processing and forming for advanced automobile steel sheetsiM]. Beijing:
Metallurgical Industry Press, 2009.
(HEARR. BAGRAR T Z LB B S EORM]. duat: i 4 Tl ik, 2009.)
Liang Jiangtao, Zhao Zhengzhi, Liu Kun, et al. Microstructure and properties of 1300 MPa grade Nb microalloying DH
steel[J]. Chinese Journal of Engineering, 2021, 43(3): 392-399.
CREVLH, BUAERS, XL, 55, 1300 MPaZNbi & & L DHINAYHAIEREL]. TARERLSA2], 2021, 43(3): 392-399.)
Wang Hui, Deng Zhaojun, Lin Chengjiang, et al. Effect of temper-aging temperature on the microstructures and properties of
the annealed high aluminum dual phase steel[J]. Rare Metal Materials and Engineering, 2011, 40(S2): 184-187.
(M, XBREAZ, PRORVT, A5, it 2B Ao 20000 B8 0T 2 5 XOURR H9 2 2 R 1k BB 52 MRl [ 0], #A 4& Js MBS TR, 2011, 40(S2):
184-187.)
Deng Zhaojun, Liu Jing, Wang Hui, et al. Influence of annealing temperature on microstructure of a high aluminum dual
phase steel[J]. Transactions of Materials and Heat Treatment, 2011, 32(3): 111-114.
W BRZE, X, M, A5 1B IR X o BB AN O S SE I [0]. BERHAAEBEA2 4, 2011, 32(3): 111-114.)
Zhou Li, Xue Renjie, Cao Xiao en, ef al. Study on microstructure and properties of high aluminum dual phase steel 980DH
with high formability[J]. Iron Steel Vanadium Titanium, 2022, 43(2): 186—191.
R, BECAS, WRIR, 45, ARl T oSO S 980DHAL S HE B 72 [1]. SRERBNER, 2022, 43(2): 186-191.)
Du Yifei, Li Wang, Tian Yaqiang. Application progress of Nb, V and Ti microalloying in TRIP steel for automobile[J]. Heat
Treatment of Metals, 2019, 44(8): 50—59.
(kt—"&, Z20E, HESE. Nb., V., il & (e I TRIPSR i FH R[] 4 s #Uib 3, 2019, 44(8): 50-59.)
Lu Lin, Tang Di, Jiang Haitao. Microstructure and properties of high aluminum 1000 MPa cold rolling hot dip galvanized dual
phase steel[J]. Transactions of Materials and Heat Treatment, 2015, 36(4): 116—120.
Rk, JEk, YLV 5551000 MPaZf AHEARE SRR 4 2RI RED]. HRHRAE B4, 2015, 36(4): 116-120.)
Tian Yagqiang, Tian Geng, Zheng Xiaoping, ef al. C and Mn elements characterization and stability of retained austenite in
different locations of quenching and partitioning bainite steels[J]. Acta Metallurgica Sinica, 2019, 55(3): 332-340.
(HSE58, FBE, A8/, 45 V3 KE 73 DU PR B AN [R] 07 B 5 A% R IR C L Minde 38 SR AE SRR E P[], &2 )@ 24, 2019,
55(3):332-340.)
YB/T5338-2019. Retained austenite in steel-quantitative deternination-method of X-ray diffractometer[S].
(YB/T5338-2019. 4 B Fe A Sl e XA ERATTA X4 S].)
Hou Xiaoying, Bi Yongjie, Hao Liang. Analysis on microstructure and strengthening mechanisms of hot-rolled
TRIP980 steel[J]. Iron and Steel, 2019, 54(4): 63—67.
(IR, HEK AR, 5. SELTRIPOSOMIHOLAL LU i ALALHI 2 BT [J]. IR, 2019, 54(4): 63-67.)
Zhang Wei, Pan Yue, Liu Huasai, et al. Effect of strain rate on properties of dual phase steel with high formability[J]. Iron
and Steel, 2022, 57(4): 123—-129.
(5K AT, WRER, XUAETE, 25, TR A 00 G 33 OB SUR I P BB R 43 BT 0], SR, 2022, 57(4): 123-129.)

A A A


https://doi.org/10.11900/0412.1961.2018.00270
https://doi.org/10.11900/0412.1961.2018.00270

	0 引言
	1 试验材料与方法
	2 试验结果与分析
	2.1 XRD对比分析
	2.2 显微组织对比分析
	2.3 力学性能及扩孔性能对比分析
	2.3.1 不同应变速率下力学性能对比分析
	2.3.2 扩孔性能对比分析


	3 结论
	参考文献

