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Effect of controlled cooling process on microstructure and properties of
Ti-microalloyed medium carbon steel plate
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Abstract: Ti-microalloyed medium carbon steel plate of 20 mm thickness was prepared by controlled rolling-controlled cooling-quenching-
tempering processes. The effect of controlled cooling process ( cooling rate) on effective grain size and precipitates of the steel was studied,
and the strengthening and toughening mechanisms were also discussed. The results show that the faster the cooling rate, the smaller the
effective grain size is, the narrower the martensite lath width is, and the finer the Ti-containing precipitates are, so that the steel has both
high strength, good ductility and toughness. This is mainly because the rapid cooling can retain the crystal defects and deformation energy
obtained during rolling, making the austenite refined during reheating. Moreover, the rapid cooling inhibits the precipitation of Ti in the
cooling process, making Ti in the super-saturated state. In the reheating process, fine Ti-containing precipitates gradually precipitate, which

can effectively prevent the growth of austenite grains. Effective grain refinement and nano Ti precipitates make the steel plate having good
mechanical properties.
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Table 1  Chemical composition of the tested
steel (mass fraction, %)
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Fig.1 Schematic diagram of rolling and heat treatment
processes of the tested steel
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Fig.2 EBSD analysis of the tested

QY s =

2 Klﬁﬂfﬁ@ﬁ%ﬁ?‘—ﬁﬂﬁﬁlﬂﬁ EBSD 434
steel under
(a) 50 C/s; (b) 10 C/s;

W7 i AESR B JEM-2100F %435 451 45 ( TEM ) #EATIREE,
I1F] INCA B U HT (AR EAT AR 443477, TR o
S PR L LIS R TR AR o 4, LA 6% HRR L
A, U R A 25 VIR EE 20 Co

2 RBEREWHH
2.1 AHEEIERRELR TR

SR AT, ¥4 50,10.2 C/s
i, RIS A R R R S 43 Ik (2,52 £0.21)
(3.17 £0.19) ((3.59 £0.24) pm, B FEZE 21 HUE %
TG, 0 2 Fim (B R R R F 15° A 3K
BRUARBEER). HE 2 TLEH, FLHEH
MR AT [RIVe HN I B Vo 1 2 23R, 498 20 3R BE R AT,
MR 7E T IR B B4 B A (R A 0, SRS Be AT AR A i [ &2
FOTELS &, (LI I 3R 18 B9 & TR B B P T AR AR 1S AR
B, AR E IS TN AR FR AL R AT A%, AT 404K
H AR BRI R A D AR S,
2.2 AHNEEHTH AR

RELE% EA& T AR TEM B4 40 E 3
FR  FTLAR B R ARIER BB AR 4R
B GEE —ABBL T (B 47 =2 4130 AT L/ T Ak
KRGt TiJORL) o ZYSEIHERE R 50 °C/s B, B4k |43
WERBER/NT 15 nm @7 A, 8% SR XER
STEUMAHT AR TiMo.C JEE A AL A1 H IR
RZE 10 C/s B, Bk A KB EAZH 25 nm 2245
(Ti,, Mo, ) Cy_, |, BT e EIBR B — S5 [ 25 2.°C /s
i, S ERAREEAR (U R/ NR iSRRI R 1
BYRBHE Ti B Ag

Ti ﬁ%ﬁ&tﬁﬂ*ﬂ@ﬁ?ﬂﬂﬁﬁ%[ﬁﬁm\ﬂﬁ@
fﬂ\mﬂiﬁ%m&%ﬁmﬁﬂ%%ﬂi@ﬁﬂfmﬁ]o B
BRBEHT AL TiN 24 32, OB IR ~F — K T 50 nm L
A ;Eﬁﬁ%ﬁ:mﬁﬂm&,E%Qﬁ;@fﬁﬁﬁ?,rﬁ

T

different cooling rates after rolling
(e)2C/s



546 %

10 bk Ewu

B3 RRURG A TR R AL LR AR '
Fig.3 Precipitates in matrix of the tested steel under different cooling rates after rolling
(a) 50 C/s; (b) 10 T/s; (c) 2 T/s
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Fig.4 Precipitation behavior curves under different
cooling conditions
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Fig.6 Impact fracture morpholongS‘Of t'he tested steel

with different effective grain SI?es,

(a) finer grain size; (b) coarser grain size
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