390MPa Ti+ Nb BH 5

390MPa Ti+ Nb BH

Microstructure and M echanical Property of 390M Pa Grade Ti+ Nb Bearing
High Strength U ltra-low Carbon Bake H ardening Sheet Steel

1,2 1 1 1 2 2
(1 , 100083;
2 , 100041)

LIU Guangming "°, KANG Yonglin', CHEN Ji ping'

FENG Yue-xue', ZHOU Jian’, TENG Hua xiang’

(1 School of Materials Science and Engineering, U niversity

of Science and T echnology Beijing, Beijjing 100083, China;

2 Shougang Research Institute of T echnology, Beijing 100041, China)

: Ti+ Nb+ B BH :

BH 0. 536, 44M Pa, s 394 M Pa,
390MPa BH : BH B
2mg/kg BN, B s BH
: ; BH ;Ti+ Nb+ B; ;

: TG335. 56 : A : 1001-4381( 2010) 04 0005 05

Abstract: Hot rolling, cold rolling and continuous annealing of Ti+ Nb+ B bearing high strength ut
tra-low carbon bake hardening steel were studied. The results show that the developed high strength
ultra-low carbon bake hardening steel possesses superior formability and excellent bake hardenability.
The ratio of the yield strength to tensile strength is 0. 536. T he bake hardening value is 44M Pa. The
tensile strength of the developed steel is 394M Pa, which meets the requirements of the 390M Pa grade
high strength ultralow carbon bake hardening steel. It has been shown from the results of physico
chemical phase analysis that most of the alloying element B in the high strength ultra low carbon bake
hardening steel exists in the form of interstitial solid solution and plays a role in the solid solution
strengthening besides 2mg/ kg BN precipitation.
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Table 1 Chemical com position of high strength ULG BH steel (mass fraction/ %)
C Si Mn P S N Al Ti Nb B
0. 0023 0. 020 1.05 0.079 0. 0056 0.0038 0.012 0.022 0.024 0.0032
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Fig. 1 Microstructure of high strength ULC-BH hot-rolled steel sheet

(a) plane surface of sheet; (b) surface of longitudinal section
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Fig.2 Microstructure of high strength ULC- BH continuous annealed steel sheet
(a) plane surface of sheet; (b) surface of longitudinal section
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Fig.3 M orphology and distribution of precipitates in the thin foils of Ti+ Nb+ B high strength ULCG BH
hotrolled steel sheet (a) NbC and (T1i, Nb) (CN) particles; (b) (Ti, Nb)(CN) particles
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Fig.4 Morphology and distribution of precipitates in the carbon replicas of Ti+ Nb+ B high strength
ULGBH hotrolled steel (a) TiN particles; (b) TiN and (Ti, Nb) (CN) particles
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Fig.5 Morphology and distribution of precipitates in (2) (TiNb)(CN) (1) FesC
the thin foils of Ti+ Nb+ B high strength . o .
Fig.6 M orphology and distribution of precipitates
ULG- BH coldrolled steel
in the thin foils of Ti+ Nb+ B high strength
ULG BH annealed steel
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6
) BH P
50~ 80nm Ti,Nb , B B
(Ti,Nb) (CN) C
, p
2.3 AR 3% E BH KI5 /)5 1Ak B P
390MPa Ti+ Nb+ B , BH
BH , B
(Ri) 211MPa, (Rw) 394MPa, B BH ,
0. 536, (Aso)  23. 6%, r ,
1. 24, n 0.217, BH B
44M Pa, GB/
T 20564.1—2007  CR260BH o B BH
2.4 BH B . B ,
BH B
BH , P, Mn, Si BH , BH
) p ,  Mn B 1]



390MPa Ti+ Nb BH 9

Ti+ Nb+ B BH 2 BH

Table2 Second phase structure analysis of

high strength ULG BH steel

Phase type Lattice constant/ nm Crystal system
2,3 , Ti+ Nb+ B o« MnS 0.5224 Cubic
BH o Nb(C, N) 0.4420. 443 Face center cubic
MnS Nb( C, N) Tl( N, C) , Ti(N, C) 0.4240. 425 Face center cubic
3 BH (%)
Table3 Mass fraction of various phase elements in the alloy of high strength ULC BH steel ( %)

Phase type Nb Ti (o N Fe Mn S Al B 2
(Ti, Nb) (CN) 0.015 0.018 0. 004 0. 003 0. 040
Fe; C 0. 0004 0. 0059 0. 0063
M nS 0. 0070 0. 0041 0.0111
AIN 0. 0004 0. 0009 0. 0013
BN 0. 0002 0. 0002 0. 0004

Note: C* refers to the calculated value.
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