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Fig. 1. Schematic diagram showing the free energy change for a

martensite transformation from austenite.
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Table 1. Chemical compositions (wt.26) and estimated transformation
temperatures (C) using Andrews’s equation of the cold-rolled steel

sheets used in this study.

Chemical composition (wt.%5) Transformation Temp.(C)
Steel

C Si Mn Cu Aci Acs Ms

ECO-A| 0.16 1.42 1.47 - 37 935 430

ECO-B| 0.5 1.49 1.51 0.51 750 900 432
ECO-C| 0.15 1.50 1.50 1.00 750 898 430
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Fig. 5. Schematic diagram of the heat treatment processes for the

cold-rolled steel sheets.
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Fig. 6. Optical micrographs of the a) ECO-A, b) ECO-B, and c¢)
ECO-C steel sheets intercritically annealed followed by isothermal

treatment for bmin at 430C.
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Fig. 6. Continued

_33_



AR kS & Aolgkal stk o213 island FES] IHFQ AH L
OlEE HluA Z HHolE ZAAY W 1.0m Ve FFo~
7b Ay dEE EAka, sHo] stelAd HEolE R4 A g
slip trace® F7IA R AdFL 2HUolEx o WIS HolA et
3 RuEa goh?

Az A= Cul o] 1.0wt.%d 219 69 )& HW a9 b)
of Bls| A island FENQ] FHFsEH o] EV}F Wo] BEE o, o]
island @Eje] FF B Uo]EE TRIP ddo= g Axg 4
7198k A] &3k Zolth XS island FEY FFLAHUYOEE 5F
o2 EAst H9Y olsS o2 granular FE| Q] FHF L H L
o|E7} Aol o3& miERIAlo]lER WEld w 19 FAle dolue
glolEe] Aste] w7 | 4 Ak mARAG 2R B o island 3
Hlo] FRexguolER 23 ECO-A % ECO-Bel Hls] ECO-Co <
ol thah ure oz o AN island FEHS] FFLH U ESL
AAH o7 ddstA EEHO A= granular FEJY HHF O 2H U E
of <ol Hla] A7) wjZo] mAEAFoR VA HHY AeolE At
71 o g

ECO-A, ECO-B ¥ ECO-C E%F film FE 9 ZHFo2HUolEE
v Fome F&87] ofeleH, dAA SR granular &9
ZH Yol EVL Hlojupeo]E Bl Hgto] ESE Z AA|H o] lo] TRIP

o AgF MAZHAE FAT 5 Aok

i

=

-

[¢]

fa oL ol
o> .10{‘

rfo
i

Rise

14

Cug #7Fgt Fe-CuAl el A= 400~650TC 2
Al FlgtolE A Y o] wAMg e-Cu AE= 3t &%
g & F Aotz BaEa ok cuol A AYst7] 94l

=
A @A (TEM) o2 vAlz4 S #Fsgioy, & Adds Cudl A

)=2]
™

f

]

AC)

S|

ro

e
1;01,
—\711
Ll

Xy
)
Y

KeN
=

FN

_34_



ol

"

__OO

el
A

vl
=
=1}
=
+
S

=

cd =z
ECO-A
ECO-A<}

AN o)
ECO-C7}

ECO-B
Hdl 38%= ECO-Ae] HT}

=]

LN

il

0]
yul

patol o
Age

=7

%tk ECO-A, ECO-B

Holx

}

B 2=7F 430C= vrom, WAt

T3 H 20802 F7] uiEolu, uzba A

=

[e)

%o, ECO-C9
T

371 ot

S

S B A 2 Al

2

Aol7h 1A

=

710~770MPa, 800~825MPa %! 835~830MPa2]

=

1 50~80MPa®] x}o]

271% = ¢+ ¥hd ECO-Bel 4
o, o] W& F=-94 balance®™= ECO-B7} 7}4 $-=3&}t},

0

-

a9 78 AR E ATA dARBel 9

-4 balance

70}

9} ECO-B
ECO-Bol| H]
g}:

el
)A

Hr
i

G
7O
Mo
_
T
oo

—

) ZO
Mo

o)

o
il
Lo

~

Gis
o}

;OO
o]
o]

TH

ZH

Hl &) ECO-B7}

st 7hE A skS(do/ de)et

bo] 7
71874 8& = ECO-Ad

°

Jepd .

=

o #=ow, ECO-Ce A% W

Hg Aolel 77

=x=

&

o
i

_35_



900

—=—ECO-A
—8—ECO-B
ECO-C
850 -
T e
S o
E 800 [ o—© o———
0
™
750 |- \
[ ]
\.
700 — 5 0 15 20
Holding time(min.)
550
500 | [ |
o—— ><
~ ./l/. o
p I
o
> 450 | N
N
>
a0 @
.
350 1 1 " 1 " 1 " 1
0 5 10 15 20

Holding time(min.)

Fig. 7. Tensile properties of the ECO steel sheets.
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Fig. 10. Volume fraction of retained austenite as a function of

1sothermal treatment times for the ECO steel sheets
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Table 2. Carbon content in retained austenite of the ECO steel sheets

intercritically annealed followed by isothermal treatment for 3min.

C content (wt.% )

ECO-A 1.08
ECO-B 0.91
ECO-C 0.87
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of true strain for the ECO steel sheets by isothermal treatment for
3min.
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Abstract

In recent years considerable researches have been carried out on the
development of high strength steels for applications in automotive industry.
The main issues are to reduce weight and increase safety of vehicles by
use of high strength and high ductility steels. Among the candidates,
so—called TRIP(Transformation Induced Plasticity)-aided multi-phase steels
have been regarded as one of the most promising materials due to their
excellent combinations of strength and ductility. The high formability of
these transforms to martensite by plastic deformation. To lessen economic
and environmental burdens, development of TRIP steels have been focused
on the investigation of less expensive grades with simple constituents,
such as C-Mn-Si steels. In low-alloyed C-Mn-Si TRIP steels, the
austenite is stabilized by C and partly by Mn, and cementite formation

during isothermal bainitic transformation is suppressed by Si. In order to
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further improve mechanical and galvanizing properties, or substituted to Si
in the conventional, C—-Mn-Si TRIP steels.

Cu as austenite stabilizer is not soluble in cementite like Si, and it has
been known that Cu showed beneficial roles in strengthening steels
through various mechanism such as, solid solution hardening, refinement of
ferrite grain size and precipitation hardening. Therefore, Cu is expected to
be an effective alloying element in TRIP-aided steels.

In the present study, effects of copper addition to the C-Si—-Mn
TRIP-aided multi-phase steels on the mechanical properties, amount of
retained austenite and its stability subjected to plastic deformation have
been investigated. Three kinds of steels whose basic composition is
0.15C-15Mn-15Si, ECO-A(mo Cu addition), ECO-B(0.5wt.26Cu) and
ECO-C(1.0wt.2%Cu), respectively, were fabricated according to the
conventional two stage treatment at slightly above Ms temperature.
Microstructure observation and mechanical tests were carried out, and
variations of fraction of retained austenite with straining were determined
by X-ray diffraction measurement.

In the three type of steels employed in this study, typical
microstructures of TRIP-aided multi-phase steels, which were
composed of ferrite, bainite and retained austenite were well
developed, and amount of retained austenite were increased with
increasing Cu content. Tensile strength was increased with an
addition of Cu, however, ductility did not show monotonic increase
with Cu contents. In the 1.0wt.2%6 Cu-added steel, amount of retained

austenite was increased but its stability with straining is decreased,
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which caused to high strength with low ductility. However, in the
0.5wt.2%6 Cu-added steel, stability of retained austenite did not show
severe variation against plastic deformation, which was effective to
utilize TRIP effect and leaded to good strength and ductility balance.
It is concluded that strength of the TRIP steel is closely related to
amount of retained austenite stabilized at room temperature. In
addition, martensite formed after cooling from heat treatment might
be affect strength of the TRIP steels, which need further study. And
it is shown that the stability if the retained austenite is the most
important factor governing ductility level of the TRIP steels rather

than its volume fraction.
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