$% & $@ Tetsu-to-Hagané Vol. 93 (2007) No. 6

BE1EH %ﬁ%?ﬁﬁﬁﬁ*ﬁ@%%ﬂ@ﬁg CRIET
Nb E LUV VDEE

EH ORI - ElE OB - LR MR - A R—F

H

Effect of Niobium or Vanadium on Mechanical Properties of Hot Rolled High Strength Steel Sheets for Automotive Use

Daisuke KoNDO, Kazutoshi KUNISHIGE, Rintaro UEN and Shunichi HASHIMOTO

Synopsis

: Nb-bearing and V-bearing steels have been well known as typical high-strength low-alloy (HSLA) steels. However, little comparison has been

made so far between the formability of Nb-bearing steels and that of V-bearing steels for automotive use. The hot direct rolling (HDR)
process has been noticed because it is a very energy saving process. This paper aims to clarify the differences between the formability of Nb-
bearing hot-rolled steel sheets and that of V-bearing hot-rolled steel sheets produced by both HDR process and cold charge rolling (CCR)
process. A low temperature (450°C) simulated coiling characterized by good formability of steels was applied in a laboratory to 0.025% Nb
(25Nb), 0.049% Nb (50Nb) and 0.078% V (80V) steels with the ultimate tensile strengths (TS) ranging from 490 to 590 MPa. Hole expan-
sion test was carried out in addition to the tensile test because stretch flangeability is very important for automobile structural uses. As a re-
sult, TS-flangeability balance of Nb-bearing steels was found to be superior to that of V-bearing steel. This is because their microstructures
were distinctly different: Nb-bearing steels had a ferrite+bainite microstructure and V-bearing steel had a ferrite+fine pearlite microstruc-
ture. For the linearly precipitated carbides, V-bearing steel had a low TS-flangeability balance. It was concluded that Nb-bearing steels is
strengthened by ferrite grain refining and bainite transformation hardening rather than precipitation hardening, which is the main strengthen-
ing mechanism for V-bearing steels. Change from CCR to HDR increased the strengths of all the steels studied, resulting in nearly the same
TS-elongation and TS-uniform elongation balances, but the TS-flangeability balance was still maintained through this change.

Key words : hot-rolled product; high strength low alloy steel; formability; Nb-bearing steel; V-bearing steel; hot direct rolling; step cooling; run-out cool-

ing; automotive materials.
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Table 1. Chemical compositions of steels used (mass%).

Steel C Si Mn P S Al Nb \% N

25Nb 0.049 0.51 1.45 0.014 0.002 0.047 0.025 0.0094
50Nb 0.047 0.50 1.53 0.015 0.002 0.040 0.049 0.0057
80V 0.047 0.50 1.52 0.014 0.003 0.045 0.078  0.0060

(a) Hot Direct Rolling (HDR)

CR:150°C/s
Air Melting and \ 1100°C X 45min.
40mm Thick Slab Casting

(b) Cold Charge Rolling (CCR)

CR:150°C/s
Air Melting and 1100°C X 45min.
40mm Thick Slab Casting

Room-temperature

HR: 40mm' — 4.5mm'
FRT: 850°C

CR:70°C/s .
Step Cooling

700°C - AC 10s CR:70°C/s

Air-cooling
450°C X 60min
Room-temperature

HR: 40 mm' — 4.5 mm'
FRT: 850°C

CR:70°C/s
Step Cooling

700°C - AC 10s CR:70°C/s

Air-cooli
450°C X 60min ireooiing

Room-temperature

Fig. 1. Schematic illustration showing thermal and hot-rolling conditions.
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Fig. 2. Optical microstructures of steels used.
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Table 2. The mechanical properties of steels used.

TS YS TEQ | U.E2 n A
Steel Process

(MPa) | (MPa) | (%) (%) [(5-10%)| (%)
. CCR 533 439 31.1 155 | 0.173 96

25Nb
HDR 560 475 27.8 13.6 | 0.160 92
CCR 553 481 329 159 | 0.186 106

SONb
HDR 589 516 26.3 135 | 0.154 98
S0V CCR 517 421 33.0 15.7 | 0.191 92
HDR 558 469 295 13.9 | 0.157 85

* TS is tensile strength, YS is 0.2% proof stress, T.EQ is total elongation,

U.EQ is uniform elongation, n is work hardening coefficient. X is hole-expanding ratio.

Table 3. Microstructural properties of steels used.

25Nb 50Nb 80V

CCR HDR | CCR HDR | CCR [ HDR
Mean grain diameter of s8 | 55 | 46 | 43 | 80 | 60
ferrite (um)
Volume .fractlon of 3 7 5 17 15 16
hard microstructure (%)
Vickers hardness 155 | 180 | 164 | 186 | 187 | 205
of ferrite (9.8mN load)
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25Nb 50Nb 80V
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Fig. 3. SEM microstructures of Nb-bearing and V-bearing steels.

Fig. 4. TEM observation of the second hard microstructures of (a) SONb and (b) 80V produced by CCR.
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Fig. 5. The balances of (a) YS-TS, (b) TS-T.E¢, (c) TS-U.E€, and (d) TS-A for Nb-bearing and V-bearing steels produced by

CCR.
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Fig. 6. Effects of the change from CCR to HDR on the balances of (a) YS-TS, (b) TS-T.E¢, (é) TS-U.E¢, and (d) TS-A for Nb-

bearing and V-bearing steels.
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Fig. 7. SEM micrographs at the crack tips of hole expanded samples in Nb-bearing and V-bearing steels.
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Fig. 8. TEM microstructures of precipitations observed in the ferrite matrix of the steels:

SONb-HDR, and (d) 80V-HDR.
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Fig. 9. Solubility products of Nb(CN), VN and VC in
austenite.
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5IZCCR7 T4 A7 5 HDR 7T ANDETIZ & 5
LHAE L7, Boh-TABRELUTICRT,

(1) Nofilid, V&0 28ELTILTRDNT ¥ A0
BTz, NoHOBEMRIZ A A b, VIOBE
HERIT A S— 54 FTH O, NEIhORERRE %S
BEMERDX A v 24 bOFEIRENEL S, DFDN
£ F A4 MR T/S— T4 PSR RIS RE T
378, MUNEIR RS LR BB Z LIERT S,

(2) NboffliZ, VElL D 5 L —RRHOD/NT VAR
BEh Tz, ZhiE, NoSOBEMMS VLD S
NAFA LV THB=DE, NoFADOHAVHTL O & Hr i
D% 7274 MEIRBETH L5720 TH 5,

(3) CCRZU+tZ»6EHDRT HEZANDEHT,
FhOMMEICHNTE, SUERE LRRIC T ERL,
MU T v R - RO T v R L7z,
ZHi3, HDR 7 Ut Z@ I & O M HEL I L 7272
HTh B,

(4) CCR7UOtZMHHDRT O ANEELTYE,
BRI EN T v ARE U AR5, ThiE, Su
¥ Z2DOEECHEMBEIZIL L Bh 572720 Th 5 LHEE
Eha,

(5) Nb#E VEHl® I U< LA & b h T
4., UL, VERE T 5 &, Nofo BT
(L & 0 & MR L PRI L OF SRR E WY, [T
BMELLOVHED efELOMIEAENRTVSEFA
%,
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