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Thermodynamic Calculation of Ti-containing Second Phase in
Ti Microalloyed High Strength Steel

Li Liming Feng Yunli Yang Lina
( College of Metallurgy and Energy North China University of Science and Technology Tangshan 063210 Hebei China)

Abstract: Using thermodynamic Thermo-Calc software the calculation and analysis of high-Ti microalloyed
high strength steel with different Ti content and different N content were carried out to study the effect of
Ti and N elements on solid solution precipitation of Ti-containing second phase in high-Ti microalloyed
high strength steel.The results show that under certain conditions decreasing N content and increasing Ti
content can improve Ti yield and obtain more beneficial phase TiC and reduce the volume fraction of

harmful phase TiN.
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Table 1 Main chemical compositions of experimental steels %
C Si Mn P S Nb Al N Ti
a 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.001 0.10
b 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.002 0.10
¢ 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.003 0.10
d 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.004 0.10
e 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.005 0.10
f 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.008 0.10
1* 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.008 3 0.08
2# 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.008 3 0.10
37 0.070 0.10 1.85 0.010 0.002 0.003 0.035 0.008 3 0.12
3 99.17% .
656.7 C a—y
TiN.TiC. “M;C, M,, C; 833.7 C
thermo-calc 99.87% o
1 ° 1( a) 1 455.5 C 99.
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Fig.1 Variation of the mass fraction of each phase in steel with temperature
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Fig.2 Effect of different Ti contents on TiN fraction
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Fig.3 Curve of Ti,C,S, content with temperature in different Ti content steels
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Fig.4 Curve of TiN and TiC content with temperature in different N content steels

4(b) 200°C
w(y = 0.003% 0.004%  0.005% TiC 4
1.42x107™ 1.13x10™ 9.39x107° N Ti
Ti Ti N TiN
C TiC 0 N TiC Ti,C,S,
780 °C TiC Ti,C,S, o
o TiN N Ti
Ti TiC o TiN TiC
w(y =0.001% 0.002% ° N
N TiC TiC 0. Ti Ti
o TiC o
1 Funakawa Y Shiozaki T Tomita K et al.Development of high strength hot—rolled sheet steel consisting of ferrite and nanometer—

sized carbides ] .Transactions of the Tron & Steel Institute of Japan 2004 44( 11) : 1945-1951.

2 Shanmugam S Ramisetti N K Misra R D K et al.Microstructure and high strength — toughness combination of a new 700 MPa
Nb-microalloyed pipeline steel J .Materials Science & Engineering A 2008 478( 1) : 26-37.

3 Noren T M.Columbium as a micro-alloying element in steels and its effect on welding technology J .Iron & Steel Industry 1963.

4 Mao Xinping Sun Xinjun Kang Yonglin et al.Physical metallurgy for the titanium microalloyed strip produced by thin slab cast—
ing and rolling process J .Acta Metallurgica Sinica 2006 42( 10) : 1091-1095.
( . Ti I 2006 42( 10) : 1091-1095.)

5 Huo Xiangdong Xia Jinian Li Liejun et al.Research and development of titanium microalloyed high strength steel J .Iron Steel
Vanadium Titanium 2017 38(4) : 105-112.

( . I 2017 38(4):105-112.)

6  Liang Xiaokai Sun Xinjun Yong Qilong et al.Precipitation of TiC in high Ti steel J .Journal of Iron and Steel Research 2016
28(9) : 71-75.
( . TiC J. 2016 28(9):71-75.)

7  Gan Xiaolong Yue Jiangbo Du Tao et al.Study on strengthening and toughening mechanism of Ti and Nb micro-alloyed steel
J .Hot Working Technology 2013( 22) : 89-91.
( . J. 2013(22) : 89-91.)
8  Huo Xiangdong Mao Xinping Li Liejun et al.Strengthening mechanism of Ti micro-alloyed high strength steel produced by TSCR
J .Iron and Steel 2007 42( 10) : 64—-67.
( . Ti J. 2007 42( 10) : 64-67.)
9  Yong W K Kim ] H Hong S G et al.Effects of rolling temperature on the microstructure and mechanical properties of Ti — Mo
microalloyed hotrolled high strength steel J .Materials Science & Engineering A 2014 605( 605) : 244-252.



