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Abstract : The effect of chemical composition on the microstructural change and tensile property in TRIP-assisted
steels with different chemical composition was investigated by using SEM, TEM, XRD and UTM. As a result of
microscopic observation, the morphology of retained austenite could be identified as two types : a granular type in a
steel containing higher sillicon and a film type in a steel having higher carbon. For the case of higher carbon-containing
steel with a tensile strength of 860 MPa and a total elongation of 38 %, film-typed retained austenite could be observed
between lath bainitic ferrite. Actually, metastable retained austenite was a requisite for the good formability, which
means that chemical composition plays a significant role in the microstructure and tensile property of TRIP-assisted
steels. With respect to tensile property, the steels containing suitable silicon and manganese, respectively, showed a
typical TRIP effect in stress-strain curve, while a steel containing higher manganese content exhibited the assimilar
behavior shown in dual phase steel.
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Table 1 Chemical composition of steels used in this study

(wt.%)
C Si Mn Fe
HS 0.15 1.37 1.93 bal.
HC 0.27 1.38 1.88 bal.
HM 0.16 0.86 1.82 bal.
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Fig. 1 Schematic diagram showing heat treatment in TRIP-
assisted steel
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Fig. 2 SEM micrographs showing the microstructure of the
secondary phase; (a) HS, (b) HC, (c) HM steels
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Fig. 3 X-ray diffraction profiles of (a) HS, (b) HC and (c)
HM steels
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Fig. 4 The change of the volume fraction of the 2nd phasein
HS, HC and HM steels
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Fig. 5 TEM micrographs showing morphology of retained
austenite; (a) HS, (b) HC and (¢) HM steels
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Fig. 9 TEM micrographs showing microstructure change
after tensile testing; (a) HS, (b) HC and (¢) HM steels

&5 o] v A2 AL Fig. 59 v A 22 3= tx3] o
2 7)7) siztol 27 24 W B S Wol B W7}
Ao FE3= H2A L BojFrt
11-%‘ 7 granular type 2] ZF{ 2
HS 7ol tiaf <1783
Utk o] A A
”‘“2’3%‘ qgd O] FH%‘ 75'0 W o] T H
e g 97IM 3
—x_iEﬂ‘/}O]Eﬂ
! ?: g HoFa )

SEC R ESR

& b

t} Fig. 9(c)= HM 7}e] <14

112 sizxisxizstal=2F Hi15A w35, 2007

- Ahram Ma - Youngsun Kim

ool A

1iﬂﬂﬂ@ﬂﬂ“ﬂP LA R
7 exHolE 4%1@%@4ﬂwawww
Bed FEHOR A5 Ho] 27 2Efol
E1H%ﬁWﬂq%ﬂ4maqz4§ﬂ%q

VRAIBEO 2, Fig. 9(b) & & A&t ¢ A
&< BoF HC 29 o]xlbﬂsgjrsq m) A zA-e 1k
Bl Ao 2 A film typed] ZH{F Qo AH| Yo ET} &
He woh WgHHol A7 EAL oA uof
OW+ﬂ@°wdw%4a g} BF02H
Be] Wl nlZ2elr}o]| B} AAgEk &5
ﬁOEﬂzﬂﬁowovaW%% 3
Hol= 2R e Ao Eo Aot
R PESIE ES CE

. film typeo] ZH7 2 2 H o] E ¢} Q)
IOHaﬂﬂﬂE“Mﬂ He s

A7k F2 5o} WY A e A
A& e,

(e}
e

e
=2

o lo

ofh m
(o O oo

£

4. 3 =2

= T
SxAe delate A & bl 7
Mz 2 1A A u)x]= HS, HC 2 HM

&} £} TRIPE 7
] 2]

o] gkl thsle] Z2Absle U2 22 A8 S
o}

0

a)

ne

1) 2 L 2EHVo|E A A E-&3 =, HS 2 HC
7] 73-%-900°Cel| A o d X 8] & ok A Az
5t Wi HC ol HS Rt} & $35 15
FATE B, HM o] A9 3R 2 A vo)

AA 5 ur A e,

2) ;q__’er L 2AHUolE dAlal BE3te] HS 7
granular type®] ZF Q. 2HUOlE A H o
F2om, HC 7+¢] %4 film type o] -7 2 2=
o] EZL g2 wlo]UE Helo]Eel Q13 ste]
EA AT

3) Si¢} Mn9] kS A detA HrHsHH
© 860 MPa2] 1A71 =9} 38% 2] QA &S
FA3L, Sig AA T HM e 2o ¢

[m .&mlm

2



Effect of Chemical Composition on Tensile Property in TRIP-assisted Multiphase Steel for Automobile Structure

o AHH R v dAES Holn o] dx
A7 v =g ASE B FI

4) HS, HC 2@ HM 79} stgtz=2g #aA 92 x
Ho] wo] paAEE v}, AYAA T aH R
o 527} AT A7) ZAAE S gz B
olg] oA void7t HAH AL, voide] A4}

D

2)

3)

A4 FANA 37t Lol

References

V. F. Zackay, E. R. Parker and R. Busch,
“Enhancement of Ductility in Steels,” Trans-
action of ASM, Vol.60, p.252, 1967.

Y. Sakuma, O. Matsumura and H. Takechi,
“Mechanical Properties and Retained Austenite
in Intercritically Heat Treated Bainite
Transformed Steel,” Met. Trans. Vol.22A,
p-489, 1991.

G. Krauss, “Steels : Heat Treatment Processing
Prrinciples,” ASM International, OH, USA,
pp.78-80, 1989.

4)

5)

6)

7)

8)

O. Matsumura, Y. Sakuma and H. Takechi,
“Enhancement of Elongation by Retained Aus-
tenite in Intercritical Annealed 0.4C-1.5Si-
0.8Mn Steel,” Transaction of ISIJ, Vol27,
p.570, 1987.

S. K. Liu and J. Zhang, “The Kinetics of the
Bainite Transformation,” Met. Trans., Vol.21A,
p.1517, 1990.

P. Jacques, E. Girault, J. Van Humbeeck, E.
Aernoudt and F. Delannay, “Experimental
Characterization of the Bainitic Transform
Kinetics,” Journal de Physique, Vol.IV, p.459,
1997.

H. C. Chen, H. Era and M. Shimizu, “Effect of
Phosphorus on Formation of Retained Aus-
tenite and Mechanical Property in Si-containing
Steels,” Met. Trans., Vol.20A, p.437, 1989.

H. K. D. H. Bhadeshia and D. V. Edmonds,
“Bainite in Silicon Steels,” Acta Metall,
Vol.28, p.1265, 1980.

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 3, 2007 113



