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Effects of Al in TRIP steels on microstructure and phase
transformation

N.S. Lim', S. L. Kim?, C. G. Park’

Abstract

In this study, three cold-rolled TRIP steels containing different Al content (0.04wt%, 1.0 wt.% and 2.00wt%) were
fabricated to understand the complex effects of Al in TRIP steel, The influences of Al on microstructural evolution of
cold-rolled TRIP steels have been analyzed by using advanced analysis techniques, such as transmission electron
microscope (TEM) and three dimensional atom probe tomography (3D-APT). TEM results revealed that second phases
such as bainte and retained austenite decrease with increase of Al content. In addition, 3D-APT was used to characterize
atomic-scale distribution of alloying elements at the constituent phases. Through these analysis techniques, the advanced
characteristics of constituent microstructure in TRIP steels were identified depending on Al contents in TRIP steels.
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Table 1 Chemical composition (wt.%)

C Si Mn Al others
0.20 0.95 1.99 0.04, 1.60 2.00 N,P, S
3. 48 23

3.1. oM FZE 24

Al Z7ygol w2} TRIPZS wAF2E I W3sle AL 1919 33 dv3s} 53 A7 QA
ARoZRE & 5 Atk 49 oM dFF ANY RE Az FH2A 2 UE B HEEL 39
SR, Al H7MRO] PAlTze 9EE WAL E ¢ 5 AT Al WPl F4ESH2 AAFY 7R
(matrix) HE}o|EQ] H7]7} Frbale EA@ v TzE Ze AL FUE F Utk So] NG AL
20wt% Alo] F7H AlHoANE BAEHA zgi@ dtolE Wert Edhe Holth E¥ F3ux
AR AAERE AANZ] FHEFS AolE A 2445 2EF A BrEE AL
d g F A

Fig. 1 Optical micrographs of (a) 0.05-Al, (b)1.00-Al and (c) 2.00-Al TRIP steels and TEM micrographs of (d) 0.05-
Al (¢) 1.00-Al and (f) 2.00-Al TRIP steels
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Fig. 2 (a)Volume fraction of retained austenite and (b) elongation property according to Al content.
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Al A7 e gro] EA4T L ¢ & U §¥, XRDE |43 IHF LaHUolBEY HF ga%s SR 2
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Fig. 3 Atom maps showing C distribution in ferrite, bainite and retained austenite in 0.04-Al respectively.
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Table 2. Chemical composition range in ferrite, bainite retained austenite and carbide in 1.00-Al TRIP steels
respectively (at.%)

Ferrite Bainite Retained Austenite
C 0.03-0.06 0.25-0.29 5 3.89-4.71
Mn 2.09-2.28 1.53-2.01 2.15-2.18
Si 1.95-2.26 2.01-2.14 1.94-2.01
Al 1.36-1.61 0.68-0.74 0.59-0.61

#2< 1.00-Al TRIPZCIA 2t 942E9 $2& 4E2 EASY Yz o, oA 4xed 3
BolEg FFLAHGO)EY AIFFL o 20|PE Ao|7t U AL FA T 4 Ued AL o)4YY
AT FANAN Aldx9) Bitel @ Ruls} ol Roz F2Ed 3y Sio A4S Al 2L X
¥% f&(substitutional element) YoIE EF8a RE oA & FE 0|8 Holx it} T )
oJUol|ES} FF L2 ES A9 Al FFolE  Aolrt YA ol woluo|E & W AR
A AE F 3 A AYY 929 &2 dATo] woldolEoH AHAHU0E Zog ikl
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(1) Al &%l &7+ 0.05, 1.00, 2.00 wt.% EFE TRIP steel 9 vlAlFZ 24 A3} Al §Ho) B o4=
AAdos BAsT v vl T2E 71X 1 Yo, 2.00-A1 9 A$ 2T ferrite W=7 BF
HAT T Al 7o) §&4E ol BEY 2 49 At A8

(2) XRD, EBSD, #? o3 £4& F3o Z oo ZAHF o2gjo]ES Ry BELS T3 A
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() g4 #Fo Azt & oA FFUAEY EXE A & 5 UYL, oS 53 AL o4y
g AF A HFHolEN oAHYoER AP AL H§A T 5 Uk

7

€A77 JAHEE A7 Q3 E2HL AYHAF POSCOR 7|edrAae ¢ Yx H3H Ay
(NCNT)o| ZAF =r}

S|

[1] V. F. Zackay, E. R. Parker, D. Fahr, and R. Bush :Trans. ASM, 60 (1967), 252-259
[2] P. J. Jacques, E. Girault, A. Mertens, B. Verlinden, J. Van Humbeeck and F. Delannay, ISIJ Int. 2001,41(9),1068-1074.

- 216 -



