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Research on Manufacturing High Strength Cold-rolled Steel with Ultra-fine Grain

Hiroyasu Ito, Satoshi Ool, Shinichi Aokt and Toshiyuki UEDA

Synopsis : We have developed a low-alloy steel without adding chromium (Cr) and nickel (Ni), which has

high tensile strength (TS) of 1000MPa grade and good formability. As a raw material, we used a
hot-rolled steel with fine grains of 5m or less. It contains titanium (Ti) because of restraining grain
growth by precipitation of titanium carbide (TiC) during annealing or cooling process. Especially
in order to obtain high tensile strength, it is important to disperse the TiC uniformly. In this paper,
we report on suitable manufacturing conditions to produce the developed steel sheet.

After cold rolling, the steel sheet was annealed at 740-760°C that is in the two phase (ferrite ()
+austenite (y)) region to make fine grains by y —a transformation. As a result, an ultra fine
grained steel with the grain size of 1.2im diameter could be produced. When the steel was rapid-
cooled to 300°C and austempered for 180 sec after keeping at 740-760° C for 40-60 sec, its microstructure
became three complex phases, «, bainite (B) as a hard phase and retained y (yr) whose volume
fraction was 7%. This steel plate with complex microstructure (a+B+ yr) showed high TS of 1150
MPa and total elongation (T.EL) of 13%.

In manufacturing line we could also make the products at the range from 0. 15 to 0. 60 mm thickness,
which had similar properties and have been mass-producing them as materials applied to
electronics parts.
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Table1l Chemical composition of steel used (mass% )
C Si Mn P S Al N Ti B
0.18 0.20 1.80 0.011 0.003 0.04 0.0039 0.15 0.0024

Table2 Mechanical properties of Hot-rolled steel used

Y.P.

(MPa) (MPa)

T.S.

TEL.
(%)

772

858
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Schematic diagram of the heat treatment processes ; (Dfirst rolling and first

annealing,@second rolling and final annealing of the cold-rolled steel

sheets used in this study
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Fig.2 Schematic diagram of the heat treatment processes ; @second rolling
and final annealing ; with rapid-cooling and austempering

12



BB 70365 R 2 A5 3 2 R BRI D BIE 1 B Y 2 DR

3. ERFERELUEER

3.1 HEKEHEDBIRSMHE

—RGIEIT S, T4 Ot CEHeiEd % i L 72 Ikf 5|
REHE (SIRERIEL 5 T.S., 208 ; T.EL.) & Wrin#Has (At
AT CHEBLEE) 2o v, 2N FNFig.3 B L
Fig. 4 12789, BESLIREE23640°C@) & F 1%, 2T ASAT
ARk CTH 2720, TSIEECBMUOBELBonT
WV, 20, 680°Ch)E THRER LT3 L, HikaLH
W% Hons kyickhz-oF L LKLz RL, MY
DEBESH e S, £/, 680°CIZEWTIE, FrIHESE
JEAhE (BE B <, #ii7 =74 F (LT aTEY)
DELVRIREDHZETE 5,

1400 40
ATS | 35
1200 | O TEL
1 30
1000 |
~ 125 _
o S
= 800 | 120
@ o
'—
1 15
600 | o o
4 i T
e
400 | s |
o 5
200 0
600 650 700 750 800
Soaking temperature(°C)
Fig.3 Changes of T.S. and T.EL with soaking temperature

of first annealing

Fig.4 Light optical micrographs of each steels after first
annealing ; soaking temperature : (a)640°C, (b)680°C ,
(c)740°C, (d)780°C
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First annealing temperature
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Fig.7 Scanning electron micrographs of test pieces after final annealing (a) surface, (b) core
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