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Effect of titanium content on the microstructure and mechanical proper-
ties of 0.17C-0.30Si-1.40Mn steel
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Abstract: 0.17C-0.30Si-1.40Mn steels with different titanium contents were prepared by smelting pro-
cess. After hot rolling into hot-rolled coils, samples were taken for mechanical property test and metal-
lographic structure inspection. Thin-film samples were made by the carbon replica extraction method
for transmission electron microscope observation. The effect of titanium content on the microstructure
and mechanical properties of 0.17C-0.30Si-1.40Mn steel was studied. The results show that the strength
evolution corresponds to the Ti content (from 0 to 0.073%). The strength increases slowly when the Ti
content is less than 0.020%, subsequently the strength increases significantly when the Ti content is
0.021%-0.038%, finally, the strength increases slowly again when the Ti content is more than 0.038%.
The more titanium is added into 0.17C-0.30Si-1.40Mn steel, the more the elongation and impact energy
decrease. Titanium has little effect on the microstructure of 0.17C-0.30Si-1.40Mn steel and can only
slightly reduce its grain size. A small amount of Ti(N, C) and Ti,C,S, particles of large size can be pre-
cipitated in 0.17C-0.30Si-1.40Mn steel, which weakly plays a fine-grain strengthening; however, a large
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number of fine TiC particles can be precipitated in the steel, resulting in strong precipitation strengthen-
ing effect. It is found that the influence of titanium content on the mechanical properties of low carbon
manganese steel is also related to the carbon content in the steel. The two inflection points of the curve
about strength transformation with titanium content also vary with different carbon content in the steel.

Thereby restraining martensitic phase transformation.

Key words: 0.17C-0.30Si-1.40Mn steel, microalloying, titanium content, microstructure, mechanical
property, fine grain strengthening, precipitation strengthening
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Table 1 Main chemical compositions of 6 heats of test steel %
G C Si Mn P S Al, Al Ti 0 N
1 0.16 0.35 1.40 0.015 0.008 0.017 0.016 0 0.001 8 0.002 5
2 0.17 0.30 1.38 0.015 0.005 0.026 0.025 0.021 0.001 7 0.002 3
3 0.17 0.32 1.40 0.017 0.008 0.029 0.028 0.032 0.0019 0.002 4
4 0.16 0.31 1.38 0.014 0.008 0.027 0.025 0.038 0.001 7 0.003 1
5 0.17 0.27 1.39 0.012 0.006 0.022 0.021 0.054 0.002 3 0.002 6
6 0.17 0.31 1.38 0.011 0.005 0.031 0.029 0.073 0.001 6 0.002 1
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Fig.1 Effect of titanium content on tensile properties of
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Fig. 4 Effect of titanium content on average grain size of
hot rolled coil of 0.17C-0.30Si-1.40Mn low carbon-
manganese steel
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Fig. 3 Effect of titanium content on microstructures of hot rolled coil of 0.17C-0.30Si-1.40Mn low carbon-manganese steel
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Fig. 5 Morphology and energy spectrum analysis of titanium precipitates in sample of testing steel bearing 0.021% titanium
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