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Abstract: Using the combination of microalloying technology and

controlled rolling and controlled cooling technology, the development MicroalloyingThMCP

of microalloyed high-strength steels with well-matched strength and ~ P i lgil g
toughness and low cost has gradually become a research hotspot, /\ ﬁ - //\
which mainly improve the properties of microalloyed steel by the soft  's—s—a—s
toughness of ferrite and the precipitation strengthening of nano 6 /’/\\ 7 N
microalloyed carbonitride. At present, there are few reports about the [ /\‘ + \\ /‘

effect of V content on the strength and plasticity of hot-rolled Ti—V Ay S

Fine grain strengthening Nano scale precipitation
strengthening

complex microalloyed steel sheet at domestic and abroad. Therefore,
the research on the microstructure and mechanical properties of hot-rolled Ti—V complex microalloyed steel sheet
can provide theoretical basis and process guidance for the development and microstructure and properties control of
Ti—V complex microalloyed high strength steel. Two kinds of Ti—V complex microalloyed steels with different V
contents were obtained by adding Ti and V microalloying elements. Meanwhile, the effect of V content on the
microstructure and mechanical properties of Ti—V microalloyed steels at different coiling temperatures were
discussed by optical microscopy (OM), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), electron backscatter diffraction (EBSD) and physicochemical phase analysis. The results showed that when
the two Ti—V microalloyed steels were coiled at 500~650°C, the microstructure was composed of polygonal ferrite
and pearlite, and the formation of pearlite was inhibited by increasing the V content. When coiled at 500~650°C,
with the increase of V content, the uniform elongation and total elongation decreased to a certain extent, while the
tensile strength and yield strength increased significantly. The coiling temperature had little effect on the uniform
elongation and total elongation and the comprehensive mechanical properties of the two experimental steels were up
to best when coiled at 600°C. With the increase of V content significantly increased the number of (Ti, V)C particles
smaller than 10 nm in size when coiled at 600°C . The precipitation strengthening increment o, of high vanadium
steel was about 183 MPa, and the strengthening mechanisms were mainly precipitation strengthening and fine grain
strengthening. V content was the main factor affecting precipitation strengthening increment and yield strength of Ti—
V complex microalloyed steel.
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Jo B 8.8 mm, & 2R A1 & 500, 550, 600 F1650°C,

981 h, FEPA R =R
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Table 1 Chemical compositions and transformation points of experimental steels

Experimental steel C Mn Si Ti \% P S N 4, A,
High vanadium steel/wt% 0.081 1.42 0.10 0.053 0.14 0.007 0.0033 0.0040 677°C 845°C
Low vanadium steel/wt% 0.085 1.47 0.08 0.042 0.061 0.007 0.0040 0.0049 677°C 835C

1250°C, holding 1 h

Rolling
1200~1000°C
1000~780°C
30C/s
500, 550, 600, 650°C

10°Cls Coiling1h

Temperature/C

Furnace cooling

Time/h

BT SERRAN LIRS 2 T 2R R
Fig.1 Schematic diargram of rolling and cooling process
of experimental steel
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Fig.2 Mechanical properties of experimental steels at different coiling temperatures

(a) High vanadium steel at 500°C
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(e) Low vanadium steel at 500°C
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Fig.3 OM images of experimental steel at different coiling temperatures
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(a) High vanadium steel at 550°C (b) 650C
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(d) Low vanadium steel at 550°C (e) 650C
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Fig.4 EBSD images and grain boundary orientation differences of experimental steel at different coiling temperatures
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(¢) Low vanadium steel at 600°C
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Fig.5 TEM images and EDS patterns of experimental steels at coiling temperature of 600°C
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Fig.6  Size distribution of (Ti, V)C in high vanadium steel
at coiling temperature of 600°C
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Table 2 Results of MC and M,C quantitative phase analysis of high vanadium steel at different coiling temperatures
B ) MClwt% MCIwt%
Coiling temperature/'C MC phase
Fe Mn v Cc* 3 A% Ti C* 3
500 0.795 0.026 0.0040 0.059 0.884 0.040 0.035 0.018 0.093 (V, 53:Tiy 1)
550 0.761 0.034 0.0042 0.057 0.856 0.020 0.023 0.011 0.054 (Vy 46Ty 539)C
600 0.562 0.051 0.0065 0.045 0.664 0.074 0.037 0.027 0.138 (V46T 335)C
650 0.509 0.055 0.0076 0.041 0.613 0.120 0.037 0.038 0.195 (Vg r6sTi )

NN JCRFEA L LLTIN LR GE ST H, 2.
28R A3 HT AT DATE B H S LANTE 500~650C A5 HURT [E] 75 C
(1155 &3 5 N 0.004%, 0.013%, 0.009%, 0.002%. H3 3
K (2)FER 2, T THE H R LN TE 500, 550, 600, 650°C 4
I o N 78, 120, 100, 68 MPa.
3.3.2 4Rtk

A R R o, 7T ] Hall-Petch 23 502K T4 .

0,=K,d, " (3)

Ao, K, O O R BR & < B9 L 17.402 MPa/
mm**P), R TAEH g, kR AP R R K S
A5 2 1 B UK TEAS [F) 26 BUR B T 1 d, AR Z0(2) B AT
15 %1 = PLAN 7E 500, 550, 600, 650°C ] o, Jy 217, 211,
204, 197 MPa.
3.3.3 fufsnmtl

AL A & o, T DRSS T APk 5

0,=MaGhp" 4)

3, M ON Taylor K7, X T~ T UK ) bee @A T & 5 A
2.75"% s Fy Lo 22 55, T bee d AT, £180.38%): G
S BT BE R, N 8.065%10° MPa; b J2& Burgers & &, Ny
0.246 nm®"; p AT AR 25 FE , WF T4k AR T SR AN, p I IBLER
1.0x10" m™*7, ALk, X615 B FEAE 500~650°C 1) Ti—
VA, HHHAEI o AR 218 63 MPa.
3.3.4 YlvE stk

VUSRI B o 7T H i A AR R

172
0,=8.995 x 103fd In(2.417d) %)
. Pre
J=M,ex 1000, (6)

o, R EE AR AR 5 B(%)  d EE MR T IR
~f(nm) , M, 2N MC FH 15 & 70 2L (Wt%) » g, /& a—Fe JE
(12 1%, BN 7.875 g/em’ s p,, . N(Ti, V)C )% & (g/em’).
A EAL 22 AH 20 Hr 45 SR 0, 600°C 5 B () MC AR A 27
KAV 667 Ty 335)C FL & FEHUTIC A VC BT A FZ B4
BCPYME , VC AN TIC BRI 2 5 43 5l N 5.717 F14.944 g/
em’, (V46 Tig25:)C AT H A %5 B2 1 INBCF- 359 4E p,, M 5.46
g/em’s HR4E 600°C 4 BURF MC KT H & (R 2) A F R
~EAT H AR 5 B (1B 6) I 3K (6) T AF BN [A] RS

Hr AR BB R 0 . = AR AE 600°C 25 U, i il ok
JE d5e e AN R RS S8 B R e s A e k4T 1 k5
N3 Fn. Ha(S)FIFR 3 FIAL, BEAT AR RT3, 3
FRBERPITE SR IE B IZ TR/, 36~60 nm i BT HiAH 2
BERTYTE SR ALIE BN 8 MPa, H I & i i 55 4k R
H AN R RS SE FEAT H AR BT TE 2 4 185 58 1R 2 7 AR 2B T
A5, BB 60 nm BL_E ##7 HAH SR A TvE s A BOR
XF Sl A U TE 5 A0 ROR S2mi L /N AT 200 AN i o AR
600°C & U 1) o, > 183 MPa, LA [ 77 ¥ 1 5 oAt 45
IR E A8 05t 20(1)# 500~650°C 45 BT (1 75 5 40 14 &
FEARAS 21 Ji 2 2 0 T SR, 5 S0 T A5 0 e i P2
XFEG, INER 4 Bs , AT LVE HTHEAE 5 SEE A — e i %=
PR, (HIAFE 25 MPa DL, 325052 oy oAt s A0 18 584l 0%
3 SYIRTE 600 CEHRETH A RIR T SERRERIL
BETHEE
Table 3 Calculation results of precipitation hardening
increments of different size intervals coiled at 600°C

Particle size/nm Mass fraction/% Volume fraction/% o /MPa
1~5 327 0.066 165
5~10 14.0 0.028 58
10~18 15.6 0.032 40
18~36 33.4 0.067 36
36~60 43 0.0087 8

x4 SINRETRENEE FERBUIGE
Table 4 Strengthening increment of high vanadium steel at
different coiling temperatures

Coiling o/ o/ o/ ol of g, o

temperature/’'C MPa MPa MPa MPa MPa (Calculation) (Experiyment)
500 48 78 217 63 144 550 536
550 48 120 211 63 109 551 571
600 48 100 204 63 183 598 609
650 48 68 197 63 201 577 552

1E 500~650°C [X. 8] 45 U , =y 504K 1 Jes I ik P e 2
e TGN, T e AR i 5 3 2 P A% i A B AR A g
S T AN AR AU AN, €, Si AT Min 14 [ 3 8 19 A2 10 AR
N o, FBEL R T C, Si A Mn (1 [ 97 B DR T 78 AR )G
WO EER , RPN o ARHEIE . o MR/NS LI L2
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