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Effects of Ni addition on continuous cooling transformation
behavior of low carbon HSLA steels

J. S. Kang, J. H. Jun, C. G Park

Abstract
Continuous cooling transformation behaviors were studied for low carbon HSLA steels containing three different level
(1~3 wt%) of Ni addition. Thermo-mechanical processing (TMP) simulations to construct continuous cooling (CCT)
diagram were conducted by using Gleeble system. As cooling rate increased, pearlite, granular bainite, acicular ferrite,
bainitic ferrite and lath martensite were transformed from deformed austenite. Fully bainitic microstructure were
developed at all cooling rate condition in high Ni containing steel due to hardenability increasing effects of Ni.

Ni also influenced the transformation kinetics. At the slowest cooling rate of 0.3°C/s, transformation delayed with
decreasing Ni contents because of the diffusion of substitutional alloy elements. However, cooling rate slightly increased
to 1°C/s, transformation kinetics accelerated with decreasing Ni contents because nucleation of bainite was sluggish due
to hardening of residual austenite.
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Table. 1 Chemical composition of studied steels

C Si Mn Ni Ti+Nb
INi 1.00
2Ni 0.051 0.252 1.92 1.96 | 0.1~0.2
3Ni 2.99

A7) Y AL w"H 5AE Tty 9lsky
Gleeble 71& o]l&3l9q 7t 48 F3F
(Thermo-Mechanical Controlled Process)& =
Abstglth 23 Fo Nbot Tig 43187 ¢sto
cylinder A/HE& 1150CIA 1087 §A & A
7Hd 3AE BAEoY, ArtE FF ol¥E ¢
2HUolE AA Fded 1000CAA 20%] B
FE& 22HYolE wAZAH 4 850T A
60%° WHE 7l5te 71 A8y FALE 2L
it Q2HUolE Joole Wy FH olF
of ¥Zt £% 2 0.3C/s - 50TC/s2 gastgod,
Zt 37 &= oA WE AF &% (Ar3)

HE| 8 2% (Ar])E dilatometryS o] &3}
=439}, Dilatometry® A3 ¥WH 2%
A FgEn| s FAAAEN G g 5
HAzde 34 W9 Vickers hardness
tester® o] {3 AEHoE 2L BEFso o
& 3zt e A S FA s

R e

3. 48 Z 1

Agir-ATFH4Y A5 Y7 33 Fo 024
UolEZ2RE WHEE 23 F dgolg, Helo)
E 281 ul2dAl]lE9 4oy BFd e
Ae & olde] EAstA &2y HelolEg} b}
EdAlo|EVE PAHE P &5 99 F3
FFolA Hehts wo[UolE 229 EFo t
e =F9 A2} EAFH3~5]. B =5
AT A2 AR 29 vz e 249
¢ AEgoez A Jun[7159 WL ot
fi e Sa=
olof W2, Hojo]E ZA L HolE AHA
¥ WH =2 ZAHY Aol retained austenite
(RA) zL martensite/austenite (M/A)
constituents?] o]*4S 7}X| = granular bainite,
A48 A YA RA, M/AY o]xtAte] &4 3}
+ acicular ferrite Zg]1 #x F=Z Alolo] o]
3-8 X3 bainitic ferrite2 oz},
Dilatometry® 3% ®e} AlF} 2% 9y
85 2% 9 4 237 #F 432 olgsty
Fig.29 <4 497 WH (continuous cooling
transformation, CCT) &4& 2%t} INi A|H
CCT F4& B9 5°C/so|8te] =& P7} £x9)
A& quasi-polygonal ferrite’} 2 wWdslo,
20°C/sol 9] wE 3zt £xo)A]  bainitic
ferrite7t ¥ddle A& € F Ytk Ni go
2%% FUHEE UMY =8 Y7 SR
pearlite®] Aol AAgn, AN W w=
b =¥ BT &5 9oz olFsle 30°C/s ol
Aol ¥zt £x g A= lath martensite® =
@ttt 53], acicular ferrite7} 1°C/s 2§
30°C/s9 W& W7t &% dHo)x waatrt
Ni gZo] 3wtnZ F7HE™, We =29 ol%
e HE Frgda Mg =a Y 22 o
Ao AE  granular bainite7} WEEIgow,
bainitic ferrite7} 1°C/s oj4te) @Yzt £ % Ao
A YERA "ol

- 457 -



Temperature ("C)

Ty
:‘\";\‘,'

Vo
by 4 g
100 4 R amm b ks 1 0s 03 01ecH

Hv: 314 297 278 ﬂ 0 4 133
° 4
1 10 m 1000 10000
Log time

Temperature (°C)

Lot

100°7] @®: 10 00 W W 53 1 08 035 01sch

0 Hy: 320 314 294 2_|l_§ 267 258 198
T T T—T— T
1 10 100 1000 10000
Log time

9a¢

500

00
S
o 64
<4
E] 500 4
£
g 400
a
g
3 e
=

200 4

100 7 R W0 Mm@ D 3

o By 346 390 39 312 s
1 10 100 1000 10000
Log time

Fig. 1 Bainite microstructures transformed during
continuous cooling process of 10°C/s cooling rate
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Table. 2 Comparison of calculated and measured
bainite start (Bs) temperature

Calculated Bs Measured Bs
INi 562°C 571°C
2Ni 525°C 549°C
3Ni 488°C 477°C
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Fig. 2 Transformation time during continuous cooling

process
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