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Effect of final rolling temperature on microstructure and properties of
500 MPa grade vanadium microalloyed high-strength steel
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Marine Equipment and Applications, Anshan 114021, Liaoning, China; 3. Shenyang University of Technology, Shenyang
110023, Liaoning, China)

Abstract: In this research, low C-Mn-V-Cr-Nb composite microalloyed steel with a yield strength of
500 MPa was designed to meet the requirements of lightweight and high-performance materials in fields
such as automotive, shipbuilding, and energy transmission. The effects of different final rolling temper-
atures (FRT, 920, 870, 820°Cand 770 “C) on the precipitates, microstructural characteristics, strength
and toughness of 500 MPa grade high-strength steel were investigated. The -40 °C CVN impact energy
and room temperature tensile test were performed. The microstructural characterization of the 500 MPa
grade microalloyed steels with different final rolling temperatures were observed by using optical mi-
croscopy (OM), transmission electron microscopy (TEM) and scanning electron microscopy (SEM).
The results showed that with FRTs decreasing, grain size of the steel gradually refines during rolling in

Y #s B H3:2026-02—19; &8 H #5:2026-03—25; 35 H #5:2026—-03-31

EEB - AE, 1991 4F 3 2E, Lo, T8I N, AT, g TR W, 32 DA 5 1 B9 4 45 A b BL (9 BIF 5T 5 E-mail:
chufeihan@ansteel.com.cn;  “SEIFVEH: HRiffE, 1987 4R AL, B, I TARGEAN, M-+, IE RS TR, 322 35 Je b ek 4544
FRHGHFFE, E-mail: haijianxu2013@163.com.


https://doi.org/10.7513/j.issn.1004-7638.2026.04.018
https://doi.org/10.7513/j.issn.1004-7638.2026.04.018
https://doi.org/10.7513/j.issn.1004-7638.2026.04.018
mailto:chufeihan@ansteel.com.cn
mailto:haijianxu2013@163.com

- 152 - W gk Pl K

2026 455 47 &

the unrecrystallized austenite zone. The volume fraction of V-rich nano carbonitrides inside the grain
show a trend of firstly increasing and then decreasing. At the same time, the microstructure gradually
evolved from polygonal ferrite (PF) and a small amount of acicular ferrite (AF), granular bainite (GB) to
quasi polygonal ferrite (QF), AF and GB. Both strength and —40 “Cimpact toughness of the steel are im-
proved. Taking into account performance requirements and shape control during the rolling process, the
FRT of 820-870 °C can produce the performance which meets the technical requirements for steel used

in engineering equipments.

Key words: precipitates; high-strength steel; vanadium microalloying; final rolling temperature;
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Table 1 The chemical composition of vanadium microalloyed steel billets %
C Si Mn P S Cr Ti Nb N v
0.05~0.07 0.15~0.25 1.60~1.75 <0.015 <0.015 0.20~0.25 0.001~0.001 5 0.02~0.04 0.008~0.013 0.08~0.12
1190~1210 C 2l 0 3 = > 2 =
P AL T K 2 Y R (PF) b ik

Finishing rolling: 870~970 C

& Initial: 930 C,

2 Final rolling: 870 C
2 Initial: 900 “C,

g Initial: 970 °C Final rolling: 820 C
g Final rolling: 920 °C Initial: 870 °C,
S

Final rolling: 770 °C

Final cooling: 480 C

Time
E1 flMASmELRESTE
Fig. 1 Schematic diagram of controlled rolling and controlled co-
oling process for vanadium microalloyed steel
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Fig.2 OM microstructrues of vanadium microalloyed steels after rolling at different finish rolling temperatures
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(a) 920 °C; (b) 870 °C; (c) 820 °C; (d) 770 C
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Fig. 3 SEM microstructrues of vanadium microalloyed steels after rolling at different finish rolling temperatures
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Fig. 4 Precipitate morphologies of vanadium microalloyed steel at different finishing rolling temperatures
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Fig. 6 EDS energy spectrum of precipitated phases of different sizes in vanadium microalloyed steels
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Fig. 7 Mechanical properties of test steel after rolling at different finish rolling temperatures
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