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Effect of Quenching Temperature on Microstructure and
Mechanical Properties of 80 mm Quenching-Tempering Low
Carbon Bainite 690 MPa High Strength Steel Plate

Liu Zhaoxia,Liu Jun,Meng Yu,Xu Guangging and Xu Xiachong
( Research Institute, Jiangyin Xingcheng Special Steel Works Co. ,Ltd , Jiangying 214400 )

Abstract The effects of 830 ~930 °C quenching + 650 °C tempering on the microstructure and mechanical properties
of 690 MPa high strength steel are studied by means of metallographic microscope, scanning electron microscope and me-
chanical property tests. The results show that the microstructure of the experimental steels after quenching at 830 “C in dual
phase zone and tempering at 650 °C is lamellar ferrite and tempered sorbite with low yield strength 679 MPa. When quench-
ing temperature at 890 ~930 °C is in the fully austenitized phase zone,the strength and toughness of the material decrease
with increasing of quenching temperature. When quenched at 890 “C and tempered at 650 °C ,the yield strength and impact
energy of the steel are 791 MPa and 150 ~ 171 ] respectively up to the mechanical properties requirement of 690 MPa E

grade steel.
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Table 1 Chemical composition of tested steel

1853 T
¢ Si Mn P S

G Nb Ti Ceq Pem

0.06~0.09 0.10~0.40 1.00~1.40

=0.015  =<0.003 0.40 ~0.70 0.20 ~0.60

0.03~0.06 0.008 ~0.020 =<0.53 <0.27

H::Ceq=C +Mn/6 + (Cr+ Mo+ V)/5 + (Ni + Cu)/15;Pem = C + Si/30 + ( Mn + Cu + Cr) /20 + Ni/60 + Mo/15 + V/10 + 5B

BT AL MR, 40 Si, Al Ni Cr
) B AE ], LAV 4 b B 3 T PR A BRI | [T g 4
FRIAGRPE , i E P.S A F A& BT R B HEHE,
AT (5 12k 80 1 i FE R, AR UE A B R 0P R
REEMILZER S LR 1 PR,

RPRIER R BK WAL ER- 150 t F4a4k- LF K
- RH B2 - HIRER , EHTIRE N 365 mm, Hf
BB FEA ARG, FEATRLEL + K EL IR B A
HlELH . HELIFELIREEZY 1 100 C  HALASLIRE
>1000 C, KELIFFFLIRE <830 T, HELFKEEL
SRR 38 S R HoK BR 8%, L 8 80 mm AR,
HLIG AR 2 00 3 ¥ H) ( Accelerate Cooling Control
ACC) % 550 ~600 C ,pfif5 FRAHEZER.

4% YB/T5127-93 BIVER ¥ il 5 A5 I 5 77 ¥ (g
M) B BRI iR L R B 174 Ab BRI ik
A, 72 DIL8OS AR KA b LA 2 C/min ) F ik 28
BHATIHR B BRI N R At 2. 2 A2 kR
T 2 56 A 11 K 35 T G 4 4 A 728 IF 1 IR
Ac, 3735 C 45K IEE Ac, } 863 C,

AT GRS AN TE AN R A B B e Y
A2 PERE , 13050 4K 43 Bl 5 B PG AR 8k 2R 1K 7 A X
K + [k (No. 1 47:830 C +650 C) . M & kAl X
Bk + 8]k (No. 2 44:890 C + 650 €, No. 3 #:
910 C +650 C ,No.4 §4:930 C +650 C) ILpgfp A
[ AL B T 2540 BE SR AT T, A R K AE d st ]
2.0 min/mm, K5 H 55 7E R S K (K=

20 m* , KiR <30 C) P ¥ EFIR, 7EKFE R
[8] >20 min, [B] Kk AE 4B E] K3 5 min/mm,

R4 E % % #E GB/T2975-2018 , GB/T228. 1-
2010 11 GB/T229-2007 , MARMR LB 1/4 {3 B BURE
AT b A V B b ik i 72 P RE R 5 .
TERBUEE 1/4 {7 B B E AR Y, 28 )5 20 51
FH 4% T T 105 5 A Y0 FN 10 AR DR R VR RS Tk )5 7
ZEISS Axiovert 200MAT %% 18 {5 Fl JSM-6700F 43
i ELBE (SEM ) T 025 13 W 40 3 K i 50 BT 1 T
o

2 REHER

2.1 BHHA

No. 1 ~ No. 4 A B i B AL LA 1 Fron.
ME 1(a) B7vEy No. 1 JEAHALAT LIF i, 2P
KARPBELE 830 CHIAHX AT, %6 49 B K 5 A E
FENBAARERF A ] KO A, SO PR O FE R R
A B EC AR AR X fnBAet , B8 FAAE R BN 848, Bk
JEAREARAG B — I IR AR ZH 21, 7 LA [m] Ak B/ ) 2
GUF AR SE2HIE KR RAEHMN, B E5H KRk
RIRAH . LR EAE 890 ~930 CHERAMKX
B KB, No. 2 ~ No. 4 #[E] K 5 LR 200 [0 K R
ERAARZE S, ARDIR 05 280K B 5 bk 1A 9% 4 40 A 72
BREMEEAF, E 1(b) ~ (d) PR, 7890 T
K5 910 CTH K, HRBA IR X, (UHE R
B R AR Fop R LR 250 ,910°C ¥ K - 3 i

1 % (a) Nol,830 C +650 C;(b) No2,890 C +650 °C;(c) No3,910 C +650 C;(d) No4,930 C +650 °C &l k5

Bt B HEH A

Fig.1 Optical microstructure of tested steel by quenching + tempering;Nol,830 °C +650 °C (a) ;No2,890 °C +650 °C (b) ;No3,

910 C +650 C (c) and No4,930 T +650 C



%1 3]

XUSHERAF : SR BEXT 80 mm 45T 690 MPa 8 {IKAR I FC 4R 5 F AR ZH 4L AR A9 52 1 “ Tz

BEAESR R /um
8 S S

—
=

i) ) i i H i
820 840 860 880 Q900 920 940
Fe KB BE/C

B2 R X 0 9 R AR R RT 9 IR
Fig.2  Effect of quenching temperature on austenite grain size
of tested steel
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Table 2 Influence of quenching temperature on mechanical
properties of tested steel
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No. 1 830 679 781 162 183 165
No.2 890 791 849 162 171 150
No.3 910 753 822 91 130 123
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B3 54 Nol 830 C +650 C (a);No2,890 C +650 C (b);No3,930 °C +650 C (e) 0 & J5HY mds B O FE4R , SEM
Fig.3 Impact fracture morphology of tested steel with quenching + tempering: Nol ,830 “C +650 “C (a) ;No2,890 C +650 °C (b)

and No3,930 °C +650 °C (¢) ,SEM
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