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Abstract In this paper the effect of intercritical heat treatment on the microstructure and mechanical
properties was examined both in the 0.15C-6Mn steels and 0.15C-6Mn steels added with Nb or Ti. This result
will be applied into the development of a steel which has the properties of high strength and high ductility
resulted from the transformation induced plasticity. The strength-elongation combination was increased as the
holding time was increased when the temperature is at 625°C. However, the strength-elongation combination
was decreased sharply as the holding time was increased when the temperature is at 675°C. The tensile
strength and elongation of a reverse transformed steels added with Ti or Nb was 93 kg/mm? and 40%,
respectively. This steel shows higher strength more than 10% of the 0.15C-6Mn steel without loss of ductility.
The autenite formed from the reverse transformed treatment has a fine lath type, which has the width size
of 0.1-0.3 um. The TRIP sequence normally transforms the austenite to martensite, however, some of the
sequence will produce retained austenite — deformation twin — martensite
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Table 1. Chemical composition of C-Mn steels (wt.%).

ofx

71%-

Alloy C Mn Si P
A 0.15 6 0.5 0.01~0.02
B 0.15 6 0.5 0.01~0.02
C 0.15 6 0.5 0.01~0.02

S sol-Al Ti Nb Fe
0.005 0.03~0.06 - - bal.
0.005 0.03~0.06 0.05 - bal.
0.005 0.03~0.06 - 0.035 bal.
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Fig. 1. Scanning electron micrographs of 0.15C-6Mn steel reverse transformed at various temperatures for 6hr. (a) 600°C (b)
625°C (c) 650°C (d) 675°C.

Fig. 2. Transmission electron micrographs of 0.15C-6Mn steel reverse transformed at various temperatures for 6hr. (a) 600°C (b)
625°C (c) 650°C (d) 675°C.
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Fig. 3. Effect of reverse transformation treatment conditions on
the tensile properties of 0.15C-6Mn steel.
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Fig. 4. Effect of reverse transformation treatment conditions on
the tensile properties of 0.15C-6Mn-0.05Ti steel.
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0.15C-6Mn TRIPZS] w2z 71717 2gde] nix)

374%E B 625°C olste] vl v 2uolM o
B 9T 4ES Ti D NbEIE F7o) BAY] &
A Z71) meh Qs ok gashe A%

g [5] j=4
& RoAW, ANEol WA FIFFEZE TS XEIFe]
Fest vk a3y oe) X8 2E7) 675°Cl ©]
=29 FAAZE) F7HEel Wt TS X Elgk2 §438] A
shenh, o] e AF L AE Ul B FAZ A0 Y ¢F
A4 9 A viERAe|EFe St Zdnial A7
doh AE - AR SHA B o 7Y 95T TS
X ElgRE deille SRR Azl 221& 39F EF

£ 3= Zlo] aFA g AztEr.

3 0.15C-6Mn7el &% Ti £= Nbs 7ty
625°CellA 6A17F &<t EA-elatde W Ti = NbH
7148 QAT 27b 94 kg/mm®, 92 kg/mm® 22 A
0.15C-6Mn7ell Blgta] 12~14% =7 Yebgou, Al
BL 34E 25 F 40% 7 YHERC olg 2
o] 0.15C-6Mn7e] Ti =5 Nb< FH7lsld e A
SHAZIAl owA e ARAAS AFE Ve,
oA ol HIHHAVE AR S vAEE A2 B8R o}
Yz wAlE TiIC 2@ Nb(C, N) 59 238352 A4
T 7] wRelgta AZEc

Fig. 62 0.15C-6Mn7 3 Ti T Nb A7170S 600°C
~675°C oM ZHzh 20% ~24A17F el Bxj]ste] HA
H by o ~H ol Eda TS XElIg#e AE Yehd
Aotk A HESHELS A4 FA e A 2]
g AjFo A A oy, o] Ffole AFLLH Lo
Eo] S/HE4E TSXEl 32 7] AHHo = vl
st Zrpsit), a8y 22 AL fAEE Fede
3l AR Al gl "3 Adtste] oF 360~

i)

T ¥ T Ty oy oy oy ey LA ¥ i 1
00, 15C-6Mn
4000~ | @ D, 15C-6Mn-0,05Ti %4. .
4 0,15C~6Mn~0, 035Nb 2 .
» . »,
.& o o r/
=]
o0 o’
X 3000 o ie
. a - |
< aa L, &
E ) A o7 G
[w} v’
g a 4] [Ys] 9 - b
A e . R =} |
S 20004 ce N e,
Nt ’
— . &
4 a
n R %a
" 1000 K b -
,’l A ¢ o ®
s & [ n
6

14 16 18 20 22 24 26 28 30 32 34 36
7 o(%)

Fig. 6. Relationship between the amount of )R and strength-
elongation balance in 0.15C-6Mn -(Ti, Nb) steels.

=

ir

e ExTe] 9% 457

1,000 kg/mm?*X % BE2 m$- 2o ghe yehioioh
TS XEI8] gk 0.15C-6Mn7%e] 75 oF 3,840 kg/
mm? X %°) L, Ti 7174 ek 3,940 kg/mm®X %, Nb 3
7HES 9k 4010 kg/mm® X % &) Zol dojzio)

3.3. RAHLIO|ES] HEIHS
Fig. 7 &4%7] vi2dAto|E Heel] ujgh 31+
A

), 0.15C-6Mn7Jell A Ti &
9] zbolw =LA 2t Suzuki
510 osld BFexEUolEY AAGEElE w2t
o|E9 $EYFTS dsYe HAolgy & F Y&

, ol d SEF dsiagol AR dojd=r

AR OsHUCES $4E TR AFL2
_]

Qe Hel® 27 10%9 2% QPRY AW @ &

FozmolEe v TR DA FHRAANA A

Aolth, AAWAA Ao WHIPL B 9A A4

o] 2 sFolz Yelo] $AHo= WAT] Al o

W ARexwtolEsle] HAe) Aslh AAH=, of
Z

4
ro] 592Ul ES} RiZRIAIER WelE 20

34 i S T T
32 E
: 0 0, 15C-6Mn
30+ ® 0 15C~-6Mn-0.05T1 |
T &0,15C-6Mn-D.035Nb |
281 “ei.‘ﬂ —r )
) » x?. -«D -4
26-1 AN N 1
— \0 a
R 24 AE.\D .
& } A7
~ 22 e N ]

Tensile strain (%)

Fig. 7. Variation of the amount of YR with tensile strain in
0.15C-6Mn-(Ti, Nb) steels reverse transformed at 625°C for
6hr.



458 3 5 -0

Fig. 8. Transmission electron micrographs of 0.15C-6Mn steel
reverse transformed at 625°C for 6hr. Tensile deformation is
10% strain.
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