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Effect of quenching mode on microstructure and properties
of Ti-microalloyed medium carbon steel

Wang Cheng', Guo Hongli®, Sun Jian®, Li Defa®
(1. Echeng Iron and Steel Co. , Ltd. , Ezhou Hubei 436002, China;
2. Wuhan Iron and Steel Co. , Ltd. , Wuhan Hubei 430080, China;
3. Guangzhou Guilaxy Mechanical Technology Co. , Ltd. , Guangzhou Guangdong 511300, China)
-microalloyed medium carbon steel was designed, and after controlled rolling, the tested steel was conducted by different
heat treatment processes, that was online direct quenching + tempering at low temperature (DQ + LT) and off-line reheat quenching +
tempering at low temperature (RQ +LT). By using mechanical properties testing and microstructure observation, effect of quenching mode

(DQ and RQ) on microstructure and precipitates of the Ti microalloyed medium carbon steel was studied. The results show that the

Abstract: A Ti

quenching mode has a significant effect on microstructure and mechanical properties of the tested steel. The grain morphology quenched by
DQ and RQ processes is flat and equiaxed, respectively. The flattened martensite lath is slender and directional, and the matrix dislocation
density is high. The effective gfain size of equiaxed grains is finer, the martensite lath in the grain is uniform and non-directional, and
there are a lot of fine carbides and (Ti, Mo) C precipitates in the matrix. Due to the microstructure difference, the tested steel treated by
DQ process has some shortcomings, such as uneven transverse and longitudinal performance and poor impact property at low temperature,
etc. While the tested steel treated by RQ process has uniform transverse and longitudinal performance and the good match of strength and

toughness.
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Table 1 Chemical composition of the
tested steel (mass fraction, %)

C Mn Si P S
0.32 1.25 0.23

Mo +B +Ti Fe

0.009 0.0023 I Bal.
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Fig.1 Schematic diagram of heat treatment process
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3 TEM microstructure of the tested steel treated by DQ(a,b) and RQ(c,d) processes
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Fig.4  Grain orientation distribution of the tested steel
treated by DQ(a) and RQ(b) processes
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Table 2 Statistical results of effective grain size
of the tested steel

PUETY  F/ME/um  BKfE/ pm SEHfE/pm  BRHEE
DQ 0.41 21.28 1.13 +0.76
RQ 0.42 6.54 0.98 +0.38

2.3 BRI IEERIR I

# DQ F1 RQ FiFh T A TR N ) AR
§3Oﬂu%$ﬁQI£ﬁE%ﬁ%%ﬁ$ﬁ%ﬁE
B 145 [ S MR P AR R IR T AL R, T RQ T
b HE R RIS 1 A\ 2 RE R A, DQ T
AR AR AR B, 153 1780 MPa, {HE 7
SRR BT 1700 MPa, 7 LA 41 B B HE AR
BRI BE, 4B R 6.3% 7. 2% 1 22.26 ],
RQ TAEAGRIGA MR ERAL T DQ TZ (B
WEENT 1700 MPa, T EL#E 2 [ 38 P AR IR vh 5 ¥ Bl
WRT A RIK B 11.5% \11. 0% 1 50.51 J, B[
L3R RQ TEAE KRB MBS RENEEN
ZEHERR, A I EEE S, PTRER Y KT 1700 MPa
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Table 3 Mechanical properties of the tested steel

T U PfPERE iR RE R/
HE  Rgp,/MPa R/MPa A/%  WRE  FHE

D B 1483 1651 6.3 23,23,21 22:0.55
G| 1591 1780 7.2 25,28,26 26+0.75

RQ 1T 1579 1768 11.5 52,48,50 50+1.00
EXD] 1583 1773 11.0  51,49,52 51+1.02
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