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Pilot Production of 345 MPa Plain Low Carbon Steel
Plate With Ultra-Fine Ferrite in Surface Layer
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Abstract: In order to exploit the potential of materials and increase the strength of steel plates,a rolling process was
studied to manufacture the plain low carbon steel plates with ultra-fine ferrite in surface and fine ferrite in center. On
the basis of the study of austenite deformation and transformation and the rolling process in laboratory, a rolling
schedule of pilot production was worked out and was carried out for low carbon (Fe-0. 13 %-0. 16 % C-0. 20 %-0. 25%
Si-0. 80 %-0. 95 % Mn-0. 01 %-0. 02% P-0. 005%-0. 01S in wt.-%) continuously cast steel slabs on 3500 mm plate
mill. The produced plates of 25 mm in thickness were characterized by ultra-fine ferrite of 5 pm in size (ASTM E112
No. 12) in the surface layer and 7 um (No. 11) in the center. The yield strength was in the range of 350-385 MPa
and the tensile strength in the range of 470-500 MPa with elongation of more than 25%. The mechanical properties
of the plates met the requirements of Grade Q345 HSLA steel, GB/T1591-94. The study is beneficial to the steel

makers in decreasing the steel making cost,and increasing the strength and the toughness of plates.
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Fig. 1 Microstructure of low carbon steel plates of 9 mm in thickness hot-rolled in laboratory Air cooling after final rolling
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Fig. 2 Microstructure of pilot-produced plates of 25 mm in thickness
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Fig.3 Grain size of pilot-produced plates

of 25 mm in thickness
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Table 1 Chemical composition of pilot-produced plates and specifications of Q345 Steel %
7H c Si Mn P S Al
GB/T1591-94V Q345A <0.20 <0.55 1.00~1. 60 <0.045 <0, 045
Q345B <0.20 <0.55 1. 00~1. 60 <0. 040 <0. 040
Q345C 0. 20 <C0.55 1.00~1. 60 <00. 035 <0. 035 >0.015
Q345D <0.18 <0.55 1.00~1, 60 <0. 030 <0. 030 >0.015
Q345E <0.18 <0.55 1.00~1, 60 <0. 025 <0. 025 20,015
EREHRA Q235 0.12~0,18 0.18~0, 25 0.55~0. 70 0.01~0. 02 0.01~0. 02 0.02~0. 05
B EmR Q235 if 0.12~0.18 0.18~0,25 0.80~0. 95 0.01~0, 02 <0.01 0.02~0, 05

. D#E C~EZM,Nb. V. Ti, AL LA MA—F, FEE K Nb 0. 015~0. 060,V 0. 02~0. 15, Tj 0. 02~0, 20,
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Table 2 Mechanical properties of pilot-produced plates and specifications of Q345

. —10 CH lrdizh/] E¥hik
mH WP #8¥/mm Ra/MPa R./MPa  Ase/% 180°% &5 B THE SER/]
GB/T1591-94 Q345A 16~35 >325  470~630 21 d=3a & — — x
Q3458 16~35 >325  470~630 21 d=3a &k — — +20 C,>34
Q345C 16~35 >325  470~630 22 d=3q &# — — 0C,>34
Q345D 16~35 >325  470~630 22 d=3a & — — —20°C,>34
Q345E 16~35 >325  470~630 22 d=3a & — — —20 'C,>27
LRE 9 mm K Q235 9 315 437 37.8 d=2a & —
TWiRK 28 mmi Q235 28 312 443 34,2 d=2a O — — —
FHmH 25 mmik Q235K 25 367 484 27.0 d=2a &% 181 202 —
FLBE 25 mmi Q235 ik 25 350~382 470~495 26.0~28.0 d=2a 4#§ 132~227  149~237 —
I 38Cu+ 33Ni+ 11Mo+ 5000(C+ N) +
3 t# \
18.14* 4+ ¢, +0p + 6, (€))
3.1 WHMLENSSEBEKE . XER[9AH THAREMITEAR.
oG SR AL 2 R B R B AR SR M —F B, 0,(MPa) = 294 + 83Si+ 28Mn +
ER(8144 th 165 9 IR o JB 52 % 9 Hall-Petch 24 3. 85 (% BRik) +7.7d72 )

A

o.(MPa) = 70 + 84Si+ 32Mn + 680P — 30Cr +
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Table 3 Chemical composition and mechanical properties of steels MPa
AELE BB/ %
RN 7.3~8.5(26. 6~16. 8 ym) 10.8(7. 9 pm) 10¢10 pm) 11(7. 07 pm)
JEIREE  HUBERE JEREEE WA i R 9 S TR JEARIREE  DUHLIREE
RS 244~272 436~448 330 468 314 466 — —
WA 249~278 439~451 — — — — 355 484
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EHPER. ik ElE -, FEHE Mn R
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BEHABATE. KB N EULWERE . K22
BEWERAPHWENR. Hir Q345 ¥ B2 HE Mn
HEESBRTBRY 1.00%, B A A KIER, M
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