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Abstract

In recent years, TRIP steels which are composed of ferrite, bainite, and retained austenite have drawn

much attention for automotive sheets due to excellent combination of strength and ductility. The effect of two-step
isothermal heat treatment of bainitic transformation on microstructures, especially retained austenites and tensile
properties in the conventional TRIP steel was investigated. A two-step isothermal heat treatment, in which 50%
bainitic transformation occurred at high temperature, followed by bainitic transformation at low temperature,
improves tensile properties, resulting from enhanced mechanical stability of retained austenite against external
plastic deformation due to refinement of retained austenites, compared to single-step isothermal heat treatment.
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Table. 1. Chemical composition of the tested steel (wt.%)
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Fig. 1. Time-Temperature-Transformation diagram of the
tested steel (annealed at 830°C, 5 min).

Alloy C Mn

Si

Al Fe

Steel 0.14 2.4

0.5

14 0.025 Bal.

Table. 2. Heat treatment conditions of 1-step and 2-step heat treatments

Specimens

First heat treatment

Second heat treatment

1-step

400°C / 300 sec, 500°C / 300 sec

2-step

500°C /2 sec

400°C / 298 sec
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(@)

830°C, 5min

+10°C/s

water
quench

(b)

830°C, 5min

+10°C/s F 1t step : 50% bainite transformation

{—2"4 step : Complete transformation

water
quench

Fig. 2. Schematic diagrams representing (a) 1-step and
(b) 2-step heat treatments.
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Fig. 3. SEM micrographs of 1-step heat treatment at (a)
400°C, (b) 500°C and (c) 2-step heat treatment at 500°C

—400°C (yg : blocky retained austenite, yg : film-like
retained austenite).
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Fig. 4. EBSD phase maps of 1-step heat treatment at
(a) 400°C, (b) 500°C and (c) 2-step heat treatment at

500°C—400°C (Green : BCC, Red : FCC, y; : blocky
retained austenite, v : film-like retained austenite).

o2 FAH S EIT = I Fig. 3@
o} (OE vlws) HH, 2 e 27 Yers
Hlo|Ho|E efj2rt vlAlsiAl= Ae 218l o]
= HE 257} soldas Ihyo] AXA Ha, o]
E J3) Hjojue]E WHERe] FRgEo] Slske] Ho]
WolE g7t miAleix] Zos At =3k 1g
A= e 2 &5 FEle] I
LEUe|EZ} Bo] HEEI. Wi, 28k EA
Ao £5 Feje] 7 LiEUe|ERT= o
2 Alelol] EAsh= vAIRE BE FH AR o
HuelErl 2 B 7 QAU ES

545 2ot o AdstA #4s17] 918l EBSD
eI, 1 AHE Fig. 401 YeERNITE
Fig. 49 @9 (bE 22 400°C, 500°ColA 19+
g2 e ExEs Al Hola, (o 27 32 WE)
A2 gk Aot} 1o AL A48 (BCC)
TZ9] Fglo|E E HloJUo|EE, Al HAI
A(FCC) 722 zHf L2EHUo|EE Yehitt.
SEM #47} rz7 A= 19 &2 e} I3
Fig. 4 @2 bpelxes dize=z st £E5 &
gl9] ZH7 e HUe|EZ} Ho] EAjske vhd, 2
& Hell A2 Fig. 4cplA= HlolUolE &
2x Alolof] EAsh= gk PE el I o]
HolE9] 80| & S thA] ghH I3} o]
3t 27 Q2EUo|EL] F4A Alole dAe]
A Ee] HlolUe|E WH) 719E Bl AdE &
itk oA A @  HUo|E o] AR A A
H|oJuo]E “HHENZ} AlRfE]o] HlolUe]E B2t 4
Y W= As8laA HTH o2 HolUolES]
Gibbs AHF AUA7E Y 249 Q2H|U|ES]
Gibbs A olUR|9} ZofA= T, &=ollA] gha
o= HHeE e 2EUe|Ed] S5EH T o)
Hlo|Uo|E Ahiel= XIdekA] &a1 HEA Het
[22], o]H FAFSE 191 <] HlolUolE #j2o] AZA|
Q1 A (packet) A diF oz Zdgt £
Hejo] A7 QHUolEZF AAE S Qi ol
Hel, 2tk Gl ME IR HluE] e 2%
A 23HEE Hloluo|EL} HE]E L H| Lo E9)
7AAHo] 22} Wlo|UelE AHHENS 913t A4 A}
o|EZ ZpgE|o] B} wAgh Z @ HUo|EMETE
ofle}, =& 89 IF JH I SHUolES
gRg = A At

Dy
tlo

32 QI SY w5t
A £ ukel o] g2 |
Sholl me} mixlzZ], 53] 25 QiEUe|ES] 4
1

o]
Q1A =4S Fig. 590, 2 EAS Table 3o &
=

500°C 1et & WejAle] A, A d=e =2



748 TRIPZ] et 32 el Gajelel whe viMEs] 8l o0 54 107

Table. 3. Tensile properties of 1-step and 2-step heat treatments

Specimens YS (MPa) UTS (MPa) Total El. (%) TSx T. E.l. MPa*%)
400°C 465 712 25.9 18441
1-step
500°C 425 856 18.2 15579
2-step 500°C — 400°C 578 760 31.6 24016
1200 ~ _
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Fig. 5. Engineering stress-strain curves of 1-step and 2-
step specimens.
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