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Abstract The high strength low alloy(HSLA) steels microalloyed with Nb, Ti and V have been widely used
as the automobile parts to decrease weight of vehicles. The effects of process conditions are investigated in the
aspects of the precipitation behavior and the mechanical properties of HSLA steel microalloyed with Nb and
Ti using TEM, SANS and mechanical testing. When Ti was added to a 0.07C-1.7Mn steel which was coiled
at 500°C, the specimen revealed the property of higher tensile strength of 853.1 MPa and the stretch-
flangeability of 60%. The stretch-flangeability was increased up to 97.8% for coiling temperature above 700°C.
The precipitation hardening cannot be achieved in the 0.045C-1.65Mn steel which was the lower density of fine
precipitates. However, the 0.07C-1.7Mn steels containing Nb and/or Ti which was coiled at 500°C have a high
precipitates density of 2x 10%um®. The high strength of these steels was attributed to the precipitation
hardening caused by a large volume froction of (Ti, Nb)C precipitates with a size below 5 nm in ferrite matrix.
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HSIA steel, Tensile properties, Stretch-flangeability, Precipitation density, Small Angle Neutron Scattering (SANS)
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Table 1. Chemical composition of the steels used (wt.%)
steels C Si Mn P Mo Cr Ti Nb FT
A 0.045 0.5 1.65 0.045 0.003 04 03 - 0.03 850°C
B 0.08 0.1 1.7 0.015 0.003 0.2 - 0.1 0.025 850°C
C 0.07 0.52 1.69 0.048 0.005 04 - 0.1 - 890°C
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Fig. 1. Effect of coiling temperature on the microstructural changes of the 0.045C-0.4Mo-0.3Cr-0.03Nb steel (a) 500°C (b) 550°C

(c) 600°C (d) 650°C
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Fig. 2. Effect of coiling temperature on the microstructural
changes of the 0.08C-0.2Mo-0.1Ti-0.025Nb steel (a) 550°C (b)
600°C (c) 650°C
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Fig. 3. Effect of coiling temperature on the microstructural
changes of the 0.07C-0.4Mo-0.1Ti steel (a) 600°C (b) 700°C
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Fig. 4. Effect of coiling temperature on tensile properties and
stretch-flangeability of the 0.045C-0.4Mo-0.3Cr-0.03Nb steel
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Fig. 5. Effect of coiling temperature on tensile properties and
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Fig. 7. Transmission electron micrographs showing fine
carbonitride precipitates in the 0.08C-0.2Mo-0.1Ti-0.025Nb
steel (a) 550°C (b) 600°C (c) 650°C

SASEZ A& thg dFol 48% F Oswald ripe-
ning'¥'e] Hojt7] wRolehs Azt

Fig. 82 SANS EAAAZAM BATEL 550°C 9
600°Col A AHE A% 1~5mm 2719 20N H&E
o] H&UAxr7t 242 9 X 10 /um®eh 5 X 10%H/um’
o1t o2jd HEUEE Fg. 994 Uehdiisel 3
Z QEoA e 238 Gl g $317(10 nm
]

ojgke] ulA HEEo] SX10%R/um’ ol g v EE B
g A gagahold A M58 devc I

al
A I, AgE w9 0% B4 debdth 99 Fig
5ol BAROIA GEAEE HEASH 9 BHE B

&

ot
o,
30,
S
A
a
il
o)
L
4
5
1
N
fru
5
EY
o
jd

X
oL
1=
s

I S — A-550°C
e | e A650°C
2 <A | s B-550°C
= i = B-600°C
% 101 i i [ === C500°C
® i  waRk CB00°C
‘8 By E 3

8 ool

5 FiE

R ik

ARG 1

& 1S EF

° : l:,:

3 o FiER

e

2 ik

w»

Precipitates diameter (nrn)

Fig. 8. Number density of fine precipitates measured by small
angle neutron scattering(SANS)

900 )
This study
P NKK patent

S soof Over 2x 105 /3
=
=
[}
&S 700F Over 1x105 /w3
@
°
B
E 600f Over 5x104 / 3

0 4 . 'l

10t 5x1Q%0s 108 107

Number density of fine PPt (N /um3)

Fig. 9. Effect of fine precipitates density on the tensile strength
in high strength hot rolled steel sheets

dx7t 2 550°C ¥ FELEIE 227 650°C
AL A MEEY Kot dojvtz HEEer)
AAaste FEAE At & Ror AYztErt

Fig. 102 CAEHAA HEAT mlAle dH2Ee
o A8 Y8l HEES ARF AROBM, F
A3 AH 2T FIoM HEde] 7} BEPILS B
At wlst ARE BT 400°C e A RoME
M&Eo] mj¢ ulAlstd 25000802 TEMAMRIGIM =
ZEA oy nm A7) )3t HEEEC OF A&
g oz FH9d. A7) BFTA FAELEE 8109
MPaZXM S00°C EHARTE W& 38 BolAw &
Lx7b 29 600°C AHAS FEHLEZRTE 254 MPa™y
T E=A Uehd ZAog B 4, ojud Pzt FE
ME7psiol 7idg Aoz #@dgd, a8y 500~600°C
o] AHEEME [~5mm 718 HESEEC) OF &
Astg o™ 20~40nm 2712} AEFEER HAFAUG. 4



7Y GA7kRe] 71A1A Alda &

.
g

NEAT FlAl AHLES

ON

a2 g3 689

-

500 mm

Fig. 10. Transmission electron micrographs showing fine carbide precipitates in the 0.07C-0.4Mo-0.1Ti steel (a) 400°C (b) 500°C

(c) 600°C (d) 700°C

229 =79 WL SANSE 243 2AF Fig. 8o 1}
ERd vle} 7] 500°C 2 600°C BHAE 5nm ©]3}e]
AZEo] o 2X 1057H/#m3 AE2ZA A&EUsrt BAH

Ao g FEPEE & AL G F U ol o
S5t A7) BFHR= (500"(:)01]&% FEIITE= 7374 MPa
2A i =2 9ANEE A 853.1 MPaZ UEMIL

ot 2y HEEY st dojua AEdErt ¥
L 700°C 9] dFLxA FE7EE 7158 MPag A&}
H A

B MEEe] BExhye dFere ueE A e
o BiuA A2 AH A 44 BEPTE Holy
HHLE7t sl ot ZA #3738 He AL v
BRI} o]AL MEEo] SNNE T LH4AxE9 I
gl g8 A% o 2uE He dg7d 719
Hobal Azt

4. #2 B

ZulA MEES o83 780 MPad X E FAH
NS 8] Nb, Tid7} HSLAZHS A ZFde] Izt
£ AzFA 2ol mARZ, 71AH Hd § HEAF
o MAe FHFL RAIY o e AEE I

1) 0.07C-0. MoOlT@% SEo ol Ee] @itz o]
dolxH 500°C 9] VFH =AM QAT % 853.1 MPa,
AAZARG L 60%E HERNTH GAEES 20.7~22.4%

ZA AFH LT RS ot *W“%HZ] 92 dH
L7}t el Wt FUHEM 700°Co A= 97.8%E

A ulg et
2) SANS =743} 0.045C-0.4Mo-0.3Cr-0.03Nb72

5nm o|3te] AEEo| Hd 4x 107 /um’ A =2AN A%
AEE =A 71El7) 1@ v 0.07C-0.4Mo-0.1Ti

74 AFXE 500°CeIA 5nm )5te] AFEo] 2x10°
M’ =2/ 4EDE7t W ol 42738t o3
A= F7PF FAARE 2 o) AR =AM dF
TE7F ASHel weh 4E84] st dojva HE
A= gastel ZE Asht dojdt.

3) 4EE9 27] BEE 5nm o5t 428
40nm =718 ¥&

3} 20~

EZA Fo AE2E9 Xyt 209

Ha2 o) gtk ole HEEe] UHE F 83
A4S AL sl HHE T 28 e @

el 711,

AL =2
B2 03_?% POSCO A7) XY A ZE: 2002X011)
AE A7 AFe) Adog o

20 Aol ol ZAZY.

t

¥
o
rot

1

1. K. Kunishige, CAMP-ISIJ, The Iron & Steel Inst. of
Japan, 12, 428 (1999).

2. NKK Patent, P2001-172745.

3. NKK Patent, PCT/JP2001/09469.

4. B. S. Seong, Y. S. Han, C. H. Lee, J. S. Lee, K. P. Hong,



690

o))

10.

11.

12.

7&/&;_/[: . o]

Q .
-

K. N. Park and H. J. Kim, Appl. Phys. A74, 5201 (2002).

. J. T. Michalak and H. Hu, Met. Trans., 10A, 975 (1979).
. J. G. Speer and S. S. Hansen, Met. Trans., 20A, 25 (1989).
. I. Kozasu, C. Ouchi, T. Sambei and T. Okita, Micro-

alloying 75" 72 (1977).

. W.Roberts, H. Lidefelt and A. Sandberg, The Metals

Society, 38 (1980).

. M. Charleux, W. J. Poole, M. Militzer and Deschamps,

Met. and Mater. Trans., 32A, 1635 (2001).

O. Kawano and J. Wakita, CAMP-IS1J, The Iron & steel
Inst. of Japan, 9, 1337 (1996).

M. Morita, CAMP-ISIJ, The Iron and steel Inst. of Japan,
5, 1863 (1992).

Y. R. Cho, J. H. Chung, H. H. Koo and I. B. Kim, Korean
Journal of Mater. Research, 9, 1252 (1999).

R

Al unq

o

13. M. Militzer, E. B. Hawbolt and T. R. Meadowcroft, Met.

and Mater. Trans., 31A, 1247 (2000).

14. L. Mayer, F. Heisterkamp and W. Mueschenborn,

Microalloying 75, 153 (1997).

15. M. I. Crooks, A. J. Garratt-Reed, J. B. Vander Sande and

W. S. Owen, Met. Trans. 12A, 1999 (1981).

16. E. K. Stroms and N. K. Krikorian, J. Phys. Chem, 64,

1471 (1960).

17. W. B. Lee, K. B. Kang and C. G. Park, J. of the Korean

Inst. of Met. & Mater. 34, 688 (1996).

18. L. M. Lifshitz and V. V. Slyozov, J. Phys. Chem. Solids, 19,

35 (1961).

19. U. Keiderling, A. Wiedenmann, V. Srdic, M. Winterer and

H. Hahn, J. Appl. Cryst. 33, 483 (2000).



