55 43 B4 3 ) W g fl %K Vol. 43, No. 3

2022 4E 6 H IRON STEEL VANADIUM TITANIUM June 2022

V 1 Ti JT & X M E $9 13 /9 B AR E 402 Al
HTITANE AR

B g A Eg AAEE, rhurEy AR kA E R, R ER]

(1. B IR S AR E K S 2, D)1 25K 18 6170005 2. M JRIE Tl K2 bRl 5 T RS2, BIpIT 15 /R
% 150000; 3. b BHE KA HER AR BRI B .0, 85T 100000)

i BEHTT V. Ti R SR AR AT 133 v B AR L2 B FE AR B 24 T CCT ik, #1195 T
ANFEREEBEE LI V., Ti JCEXTTAE LA DL I M RR A2, 24 V Sl 0.03% 1R Z 0.07%, D IRARFEAE
FFUBTREE M, a%?} 25 °C, R¥E T S ERARAHAS . 24 Ti S8 H 0.03% 425 = 0.10%, KT I ERARMAS X, FRHET I
FRARTFF AL AR VS, fR 1 T DU ERARIL AR s R, S BRI G AR FRARTELRE M, FRAIG 22 °C. DIRIRFEAR A TIREE M, T+
18 °C, L FRARIGAR K IR S, I T 5 BRARFEAS . BEE R AIHCR AL R, HV0.2 BF BE(EZ Wi . Hv0.2 i {E 32
FLZ S AL RFFIESHZ N, V., Ti E’J*”**Efﬂ?tlj%ﬁ HV0.2 B B AR K

SEHRIR: T 0; CCT HiZ: H1Ls s UL FIA; T FR Ak B e L
th[E 425 TF841.3,TF823,TG115  SCRMAFAER:A  XEHS:1004-7638(2022)03-0132-07 2 e %? i
DOI: 10.7513/j.issn.1004-7638.2022.03.021 FRRE (FiRARSS) #RIREG (OSID) : m %5
R
HE 1 .

Investigation on the effects of V and Ti on continuous cooling
transformation behaviour of weathering steel
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Abstract: Continuous cooling transformation thermal simulation experiment of weathering steel with
various V or Ti contents was conducted, and effects of cooling rate and V or Ti element on microstruc-
ture transformation and property of weathering steel were investigated. When V content increases from
0.03% to 0.07%, the martensite-start temperature increases 25 °C, thereby promoting martensitic phase
transformation. When Ti content increases from 0.03% to 0.10%, the bainitic phase transformation re-
gion expands, and the cooling rate with which bainite transformation starts decreases, thereby promot-
ing bainitic phase transformation; meanwhile, martensite-start temperature decreases 22 C, and
martensite-finish temperature increases 18 °C, inducing martensitic phase transformation region shrinks,
thereby restraining martensitic phase transformation. With the cooling rate increasing, HV0.2 hardness
increases. HV0.2 hardness is mainly affected by the size and morphology of metallographic structure
but fewer affected by second phase precipitates of V or Ti.
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Table 1 Compositions of tested steel

%

%' C Si Mn P S Cu Ni Cr % Ti Als N

0.03V 0.07 0.39 1.42 0.010 0.002 0.36 0.31 0.64 0.030 0.023 0.016 4
0.07V 0.06 0.39 1.43 0.009 0.001 0.35 0.31 0.63 0.070 0.027 0.0163
0.03Ti 0.07 0.40 1.43 0.005 0.002 0.35 0.31 0.63 0.035 0.043 0.002 4
0.10Ti 0.07 0.41 1.41 0.005 0.002 0.34 0.31 0.63 0.100 0.035 0.002 6
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Fig.1 Thermal simulation experiment technology of crit-
ical temperature measurement
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Fig.2 Continuous cooling thermal simulation experiment
technology

(a) 0.1 °C/s; (b) 0.5 °C/s; (¢) 1 C/s; (d) 3 °C/s; (e) 5 °C/s; () 7 °C/s; (g) 10 C/s; (h) 20 C/s; (1) 30 °C/s; (j) 50 C/s
3 0.03V iXIENAR RS ANER Z M THIRMAELR

Fig.3 Microstructures of 0.03 V tested steel with various cooling rates

(a) 0.1 °C/s; (b) 0.5 C/s; (c) 1 Cfs; (d) 3 C/s; (e) 5 C/s; (£) 7 C/s; (g) 10 Cs; (h) 20 °C/s; (i) 30 °Cs; (§) 50 C/s
E4 0.07V iRIEMERRLEINERZH TR R RMLELR

Fig. 4 Microstructures of 0.07V tested steel with various cooling rates
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Fig. 5 Continuous cooling transformation curve
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(a) 0.1 °C/s; (b) 0.5 °C/s; () 1 Cfs; (d) 3 °C/s; (e) 5 C/s; (£) 7 Cls; (g) 10 °C/s; (h) 20 °C/s; (i) 30 °Cs; (§) 50 C/s
6 0.03Ti KIIMARENLENRRFH THERAR

Fig. 6 Microstructures of 0.03Ti tested steel with various cooling rates

(a) 0.1 C/s5(b) 0.5 °C/s; (¢) 1 C/s; (d) 3 °Cs; (€) 5 Cs; () 7 °C/s; (g) 10 C/s; (h) 20 Cs; (1) 30 °C/s; () 50 C/s
7 0.10Ti IKIGMEREDLEMER FH TR BN

Fig.7 Microstructures of 0.10Ti tested steel with various cooling rates
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Fig. 8 Continuous cooling transformation curve
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Fz2 VEEFEAENERE(HV0.2)
Table 2 Hardness of tested steel with various V content (HV0.2)

) 0.03 Vi I 0.07ViX A9
BE/(CsT)

T (HV0.2) FAE T (HV0.2) FE

0.1 160.8 168.6 170.4 166.6 155.7 164.4 159.6 159.9
0.5 180.4 1823 189.6 184.1 183.2 1823 184.6 183.4
1 208.3 208.3 209.3 208.6 1925 190.7 193.6 1923

3 226.6 2203 221.6 222.8 219.6 220.6 2234 2212
5 228.4 226.6 2253 226.8 228.4 230.6 2323 230.4
7 2272 230.6 232.8 230.2 240.1 238.9 236.4 238.5
10 242.6 240.6 246.6 2433 240.1 245.1 246.4 2439
20 269.3 270.0 264.6 268.0 259.6 260.4 262.4 260.8
30 273.9 279.9 275.6 276.5 285.2 281.4 275.4 280.7
50 287.8 290.6 284.6 287.7 283.9 287.8 284.6 285.4

#3 Ti BETRERIRENEE (HV0.2)
Table 3 Hardness of tested steel with various Ti content (HV0.2)
) ) 0.03 T B4R 0.10TiHA BN
Bi/(CsT)

fifi & (HV0.2) FHE W (HV0.2) FEE

0.1 156.7 153.1 153.5 154.4 1472 148.6 146.3 147.4
0.5 167.2 161.7 162.3 163.7 188.1 1873 185.6 187.0
1 1753 176.3 178.4 176.7 193.8 1932 197.6 194.9

3 188.1 189.6 186.3 188.0 201.5 200.6 201.4 201.2

5 215.4 2103 209.6 211.8 215.4 215.4 216.1 215.6
7 217.4 219.6 220 219.0 22238 2239 2224 223.0
10 225 226.1 2289 226.7 234.1 2279 230.4 230.8
20 240.6 242.6 2439 242.4 240.1 252.8 241.4 244.8
30 263.8 266.6 267.9 266.1 269.5 2724 2714 271.1
50 2943 287.8 286.4 289.5 289.4 2943 290.3 2913
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