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Mechanical Properties of Continuous-Cast and Hot Direct-
Rolled Ti-added High Strength Steel Sheets
Kazuaki SATO, Masayoshi NAGAO and Kameo MATSUKURA
Synopsis :

Continuous-cast and hot direct-rolling processes (CC-HDR) have been under operation in Japan and con-
tributed to saving energy and time.

From a metallurgical point of view, some differences of mechanical properties of low alloyed steels may
take place between CC-HDR and conventional reheat-rolling process (Reheat), because of its change in dis-
solution and precipitation behavior of the alloying elements.

Mechanical properties of Ti-added high strength hot rolled steel sheets manufactured by CC-HDR in
Sakai Works, Nippon Steel Corp., have been examined in comparison with those of conventional Reheat
steels.

Both of the tensile and yield strength of the HDR steel sheets, having 55 and 60 kgf/mm? tensile
strengths level, were 4~ 5 kgf/mm? higher than those of Reheat steels. The amount of H;PO, (2 + 1) solu-
ble Ti of HDR steels were larger than that of Reheat steels and the number of relatively coarse Ti-precipi-
tates measured by TEM were few in comparison with that of Reheat steels.

Therefore it is concluded that the amount of very small size Ti-precipitates in HDR steels which contrib-
ute to the strength of steel may probably be larger than that of Reheat steels and so the strength of HDR
steels are higher than that of Reheat steels. This difference of precipitation behavior between these proc-
esses was explained by their different thermal histories.

Key words : hot direct-rolling ; hot rolled steel sheets ; Ti-added steel ; strength ; Ti-precipitate.
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Fig. 1. Time-temperature diagrams for direct
rolling process (HDR) and conventional reheating
process (Reheat).
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Table 1. Chemical composition (wt% ) and hot rolling condition.

Tensile strength | Thickness| ¢ Si Mn P S Al N Ti | e e
(kgf/mm?) (mm) (°C (“C

Steel 60 2.2 0.07 0.25 0.95 0.024 | 0.006 | 0.033 | 0.0032 | 0.048 | 845~890 | 560~615

Steel 55 2.6 0.08 0.22 0.78 0.016 | 0.004 | 0.020 | 0.0030 | 0.042 |850~890 | 225~570
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Fig. 3. Effects of coiling temperature on the
mechanical properties of HDR and Reheat steel
sheets (Steel B).
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Fig. 4. Relation between the tensile strength and
the ductility, and the hole expantion ratio (D/Dy) of
HDR and Reheat steel sheets.
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Fig. 5. Variation in tensile strength and elonga-
tion along the width of HDR and Reheat steel
sheets (Steel B : 2.6 mm thickness).
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Fig. 6. Relation between the tensile strength and
the hardness of HDR and Reheat steel sheets.
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Fig. 10. Relation between the soluble Ti and the
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BN rpnhh, ELASEB#IIES, CTH%
NZENRELBDOTARE BEEOKHRIE DA E R B
ATWDZ EICIEHERIZY. $72, SO>S AMH,
B4 & b2 HDR # @ Sol. Ti 3FEMEAM LY %< »
2[F L HDR #, BN&MEEOLETH Sol. Ti D%
WHDDHH YP, TS HKEL HDTWSE I LXGH
5.

Fig. 11 i& SPEED % CIRE L -{BrEDO L 7Y &
WL ABHEBE YK IFTOEED 40 HEF IOV TTT
2TROSNAFO Ti i (Photo. 1) ?HALH
FEL47- 0 fE%k % HDR # & BINEAM THEL - DTH
. 2OV HEBBEBETED LN Ti it o X
X %13 0.02~0.1uym TdH %25, HDR it o H N7
ZOKEED Ti HribEEEHmEMg o 1/4~1/10 T
Bz,

RAZAEHEAT 500 ONAESAMEE T Ti AW L RS L -
A, 2o TifftwsEoARO L) TWVWE Y S
BIIKDL L THESIENTES. AFEMBEOREED
60 HEHICED 5N S Ti MTHDREEE L < OFE

AZ DO WCHRA L 724" HDR #, #n#tf & b 12 50~100

BOELOVWIfEERZRLMEDOMICIIERNZZIED L
Nahor. ZORFEWEMFECHES LD Ti T
FOKEE (H 10um) »S5EHRECTHHLT S, T4b
LEHFTIZH DV EERFBRRET AT AEL L
T TiN Kottt Ex ohb.

PLE Ti i o bs2oir 8 X OB, BRI

— 287 —



1484 8 & M 744 (1988) £ 7 &

~ 20k ®Reheat e
E o HDR °
[en)
—
~
£ °
3 1.5+
g
2
a .
= N
(o]
; 1.0 b
i °
- i $ o
(o}
P .
a Q
= o0 ke
2 ®
[e o]
8 3
0 L Q0 i
6mm 2.2mm 2.6mm

Steel A Steel B
(TS 60kgf/mm2) (TS 55kaf/mm?)

Fig. 11. Comparison of the amount of Ti-precipi-
tates between HDR and Reheat steel sheets. The
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of Ti-precipitates are counted in 40 TEM pictures
of 30 000 magnification.

Photo. 1. Electron micrograph (extraction replica)
of Ti-precipitate.
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Fig. 12. Conceptual diagram for the distribution
of the amount of Ti-precipitates of HDR and Re-
heat steel sheets, classified by its precipitate size.
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