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Effects of V on the Formation of Ti-Nb-V Cabonitrides and
Mechanical Properties in Low Carbon HSLA Steels

J. S. Kang, D. J. Kim, C. G. Park
(Received October 12, 2006)

Abstract

Effects of V on both the formation of Ti-Nb-V carbonitrides and mechanical properties of Ti-Nb bearing low carbon
HSLA steels were investigated. Hot rolling process was simulated by using Gleeble 3500 system with the steels
containing three different levels of V (0 ~ 0.1 wt. %). Vanadium precipitated as Ti-Nb-V carbonitrides at austenite region
but it did not precipitate as VC during austenite to acicular ferrite or bainitic ferrite phase transformation. As V content
increased, the amount of Nb precipitates was decreased but the average size of Ti-Nb-V carbonitrides was increased due to
larger diffusivity of V than that of Nb. Coarsened Ti-Nb-V carbonitrides could act as heterogeneous nucleation site during
y—a phase transformation, thus, acicular ferrite transformation was promoted as V content increased, resulting in increase
of upper shelf energy.
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Table 1 Chemical composition of investigated steels (wt. %, * : ppm)

Steels C Si Mn _'Fi Nb Mo +Ni+Cr \d N# B*
A G.00
B 0.05 0.25 1.9 0.015 0.056 .1 6.04 40 15
C G.10
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Fig. 1 SEM micrographs showing the microstructure of the simulated steels. Granular bainite(GB) was observed
at 1C/s cooling rate: (a), (b), (¢). And the mixture of acicular ferrite(AF) and bainitic ferrite(BF) was
observed at 20 C/s cooling rate: (d), (), (f). The microstructure was mainly determined by not vanadium

content but cooling rate
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Fig. 2 Transformation start temperature with varying

vanadium content and cooling rate
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Fig. 3 Comparison of the amount of Ti, Nb and V
precipitated between water quenched from
Ar3 + 10T and continuously cooled to room
temperature
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Fig. 4 Size distributions of Ti-Nb-V carbonitrides of steel B according to cooling rate (a) 1T/s, (b) 5T/s and (c)
20°C/s. And those of Ti-Nb-V carbonitrides with increasing V addition (d) steel A, (e) steel B and (f) steel C

under 5 C/s cooling rate condition
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Fig. 6 Size distributions of Ti-Nb-V carbonitrides in the steels rolled at pilot plant: (a) steel A, (b) steel B and (c)

steel C

Table 2 Mechanical properties of investigated steels
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(Mpa)  (Mpa) o) -30C ()
A 719 978 15.0 100
B 727 982 16.5 175
C 643 909 16.5 230

7 980Mpad] 9 AT e Bgleud, ¢l
Q1 ZAE7} 70Mpa AE Fdle 910Mpa,] S
ZE 2+e wodh agy 30CoMe 4 &F
AUAE Vv H N St wreh dEe] A e
1001, B7ZA-2 175), C7+22301¢] oW~ g Halth
A7) A MEE AVE AR B A,
Azt g ZAASE g vV 27 STt o
MEEo A7I7F F7Heke 0.04wt% F7HE B
AANEE 30nm o]de] IAVIE JAE NEE9)
Bgo] Z71EYrHFig 6). °1= 59%<] H3 o] 713
A BA Ade g9, AV i Aedis ¢
dAgko] 85% = =7}El7] wlRe] VvV A& FLEHo|
Z71510] 0.04awt %o} V HItEoRE vol FE3H
o AZsHy] wWEel ASE oo Vil
A MEEY 2UigE Bdd HAE AUt F
7} banitic ferrite(BF)2] A& AA|H L, 22H
olE A = ‘?Mow A e WEEE
acicular ferrite(AF)2] & 7}st e 28], Ti-Nb &

&ol T
g Al Ve 147}6‘ RS ZAeE FadEan
FEF duAe Frlkete Aoz Alsdth
4. 8 E

Ti-Nb 238 H7 72 v J7EE 0-0.1wt. %714

gajgt A4S Azxsted 47 949 BA AE 4

A7) g4de Bl e 2 AES Ik
() TiNb B A7 e vE A7E A, 24

i ot

Bluol E el o Nbol AEe] HAHIL Vol

Ti(C, N)

PN

H&E Yol (Ti,Nb, VYC,N)S] FHz A

FH0} NF2e] 2uEt TR

Q) 20T Y&
A2le A2
bainitic ferrite(BF)= %

‘7"55 o] 17}5101

(1]

[2]

131

(4]

(5]

)

[8]

2L AREH A E7d HAAA
sted v Vg Skl W
}2 3} 3 acicular ferrite(AF)2

o = H 3
EAL Hasht AR F

a3l

H‘(

o

7}
e F7He

#

FD

=
T. Gladman, 1997,
microalloyed steels, The university press, Cambrige,
pp. 230~259.

I. Tamura, C. Ouchi, T. Tanaka and H. Sekine, 1988,
Thermomechanical processing of high strength low

The physical metallurgy of

alloy steels, Butterworths, London, pp. 159~161.
ALE, 1999, 7 ¢AAEFY Ax Ve
&, dxAA7EEE e, A 3 3
g AxAY = EH ¢a7IES vHAH,
pp. 10~21.
A. B. Cota, R. Barbosa, D. B. Santos, 2000,
Simulation of the controlled rolling and accelerated
cooling of a bainitic steel using torsion testing, J. of
Mat. Proc. Tech. 100, pp. 156~162.
H. J. Jun, J. S. Kang, et al., 2006, Effects of
deformation and boron on microstructure and
continuous cooling transformation in low carbon
HSLA steels, Mat. Sci. and Eng. A422, pp. 157~162.
M. G. Akben, 1983, Acta metal. V31 pp. 161~174.
E. A. Brandes, Smithells metals reference book,
Butterworths, London, 1983.
M. C. Zhao, 2003, Mater. Sci. and Eng. A355, pp.
126~136.

BHEAMIIZ S x| /M 158 M8%, 2006H/585



