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Bainitie TRIP Steels using Total Analysis System
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Abstract

It has been widely reported that carbide-free bainitic steels or super-bainite TRIP (SB-TRIP) steels for the automotive
industry are a new family of steels offering a unique combination of high strength and ductility. Hence, it is important to
exactly evaluate the volume fraction of RA and to identify the 3-D morphology of constituent phases, because it plays a
crucial role in mechanical properties. Recently, as electron back-scattered diffraction (EBSD) equipped with focused ion
beam (FIB) has been developed, 3-D EBSD technique for materials science are used to these steels. Moreover, newly
developed atom probe tomography (APT) technique can provide the exact distribution and chemical concentration of
alloying elements in a sub-nm scale. The APT analysis results indicate exactly the distribution and composition of alloying
elements in the austenite and bainite phases of SB-TRIP steels with the atomic-scale resolution. And thus, no partitioning
of aluminum and manganese atoms was showed between the austenite containing 7.7310.39 at% C and the bainitic
ferrite associated with 0.22 £ 0.06 at% C in the SB-TRIP steel.
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1.M B

HIo| AHSSZHY AFAEE A F7F A7 XHSSH 7AQl Super Bainite TRIP (SB-TRIPY2
Bhadeshia, Caballero ¥ De Cooman%ol 93] Q17} A Folt} [1,2]. YWt TRIPZL HE|EE 7|A =
st} AZEHA T SB-TRIPAL #ztolE 7]X)7} obd WoJUo]lEE 7|AZ &3 220l FFALH U0
EZ EAg, o]x 7 XHSS Aol A7/HE &3 9480 ZAE9 ZAHA AR vAE ¥ B2
ATFAE slia A7z B ddo] Hoj da drdo] goh ey ZF 3F9 ZAZAA AR
A 49 FEE 57 943 7 d$ uHg AAelt I olfE 4 Y 4ol WS vkt
I HEFE) dEoitt. aEx 7|E £ AR Qs Fol EREe & A (phase)ol e 82 €
259 A EX AT AFAHQY dF B, 183 ol /e g I AL dF7s A9 vibjg 4
Aolt}, 28y AFA /ML 338 923 EA7])7) (Atom Probe Tomography, APT)= o]t AT & 7%
A A HEh APTE YA 9ol &3 9459 BXE BAT 4 A& B3 opyet 4 4 oA
44 9289 FEE ppm AT EAshE £ 7] "ol [3]. oFAZAE ol AT AW &4
71&, ¥4 WUy So] AAs, AAI HA Fgenz oo gt A9 dF7F a7EY £, XHSS F
AEa A A2 ATHE SB-TRIPAOAE IF L2HUoES & SAUE EFEFSE 1ol
S7HE 4Fx 3449 2F3Y ¥4 Y £ o9 T3 Al5do
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2 A7) AFE-E SB-TRIPZS ZFAE Table 19 YERAAY. F 71X 7 & EF 0.5wt.% C old9 F
gaztoln] A F4L Gleeble 3500 system& o] 8§38l AABACh AHE A, 29 A; 2% Aozt
A 2L 7t F 308 T2 FX3}RQL29 SB-TRIP (1) %L 300C, SB-TRIP (2) ZFL 400ToAA Zz}
ool E WM &% FhoA 24417 B¢ 52 A £ FPEoo

4 F AF s2dHUolE &2 #odu]F, XRD 28l EBSDE o]#3dld AR on 334 AA
H F4 4L hikari detector’} F& € focused ion beam (NANOLAB)S AF&-314t}, ‘

7Y EA F BAUIZIE AR 8 AlE Fule gutgoz AR HE WS Anl (Electro-
polishing) ¥ & o] W (Focused ion beam, FIB) AH|E o] &3ty & A Yo AR L Azt A
ZE 9 3 e AAE BHE 95 EXE B9 Al Eslso]l 2omol slFste oA §
Ag 3244 443 E47) (laser assisted atom probe, CAMECA)Z. ¥4 38}t

Table 1. Chemical compositions of investigated steels

Steel C. Mhn Si Etc.
SB-TRIP (1) 0.78 1.40 0.93 Al, Ti
SB-TRIP (2) 0.54 1.51 1.46 AL Ti

3. 83 ¢ ¥

3.1. SB-TRIPZL| 2x} O|M = &4

Fig 1-19] TEM ¥4 ZA 3}, SB-TRIP(1)7}2 Wo]}o]EE 72| Z lath (LB)9} interweaved (IB) A2 A]
H Ao E¥sdon gd IF 22HUolE H4e Vel Fig 122 SB-TRIPQ)Z S 1A
TZ2& YehllEe TEM PH A2 wolyo]Er}l 71AE interweaved (IB) §A4 22 AW AMPog ¥
sta glor e A{F 2L2HUOE P48 Yeg S noFEo

3.2. SB-TRIPZS| 3xI¥ ZAFY FH& &4

Fig 2-1% 3% EBSDE o] & SB-TRIPZS] 339 A £4] Zabo|t} SB-TRIP(1) 79 4 gL
12x 10 x 5 m30]9] o] W&o 200nm GHE UL F 239 EBSD 24 AHE a0z A7
ZAdoltt. g1 e A7 JehdiE AR E9 3349 4L sy 4o shsEd A), B)E 4
Z} SB-TRIPZFo] A EA8Hs LATHHERS] wiojuolE AR e 313319 LENTICULAR 339 3oz &
Aste AL & F AU SB-TRIP (2)2] ¥4 H9L 10 x 10 x 3 ym3°]t}. 2z Zzhe] 474-g Vel
= 2AEY 3aY AL st E4o] JHFslt (A), (B), (O ZZ SB-TRIPHANA EA3H: dAlglolE
olm (D), (E), (F)e 3449 Fog A& AZAH UE interweaved ¥ ool Eo]H (G), (H)E SB-TRIP (G)ol
EAste TH L2EHYolEQ Aoz FAHNAY dr]N Fa% & SB-TRIPQ) & SB-TRIP(1) 7Zoi
A Ve lathB e HolvolE g4 YElA 951 @A interweaved Wo]Uo]EZ T &3 o}
FEl o) wolyolEX LATHP )] wojyo]E A4} np#t7hx] 2 LENTICULAR 334 B402 &3
A8 2 F 39 adn AF 2AHYER XM AzE AARET B o] AEHAU. o]
213 3-DEBSD Zil= ¢ HolA BA% TEM A3} of$- dxste AL ¢ 4+ Ay

3.3. SB-TRIPZS| 3xt8l Y4 Mz 24

Fig 3-12 SB-TRIP(1) 729] 3249 YA X =& Yeldr g4 Be ule} 2o] C, Al Si A&
FXE ¥90% 4 glen E4E DATA 83 E 23x23x43 nm3°|t}.
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Fig 1-1. TEM micrograph of SB-TRIP (1) steel showing interweaved and lath bainite and various shapes of

retained austenite (a) granular type (b) film type (c) island type

Fig 1-2. TEM micrograph of SB-TRIP (2) steel showing interweaved bainite and various shapes of retained

austenite with granular type and sheave shape.

SB-TRIP (1) SB-TRIP (2)

Fig 2-1. 3-D EBSD results of SB-TRIP steels obtained from FIB system showing lath bainite and ferrite and
retained austenite in SB-TRIP (1), interweaved bainite in SB-TRIP (2), respectively.
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Fig 3-1. Atom maps of alloying elements, such as C, Al and Si showing partitioning of C. Atom map of C

segregated area and composition profile at phase boundary between bainitic ferrite and retained austenite,

Table 2. Chemical composition of alloying elements in SB-TRIP (1) steel in bainitic ferrite (a) and retained

austenite (b), respectively.

e | S
p__;i“l B
¢ 0.22 20,06 7734039
si 2let0n 187100
Al 3.66 £0.28 3001025
M os0tol 035000
4. 4 8

SB-TRIP(1)Z 2 &F LLAHUOIED} lath E@A49Z AlH HHECZ 2T5UCH CIYs &2 Q
AHUOIE #ag LIEHLHACH SB-TRIP(2Q)Z 2 interweaved B ACE 22X URICH
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