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Abstract

High-strength weather-resisting steel, based on the
container strip with the composition of Cu-P-Cr-Ni and
titanium additive, had been successfully produced by thin slab
casting and rolling ( TSCR), through strictly controlled
smelting and rolling process for the first time. The
experimental methods, such as metalloscopy, electron
microscopy and chemical phase analysis, were used to study
the microstructure of steel, especially the precipitation. Tﬁe
strengthening mechanism of microalloying steel caused by
TSCR was clarified. The main conclusions could be
summarized as follows:.

Aiming at the characteristic of EAF-CSP process, low
cost yet high-strength weather-resisting steel had been
developed by utilizing the residual elements including Cu, P,
Cr, and Ni etc. contained in the used scrap steel in
combination with the ferrotitanum addition. Steels with high
purity were produced through strictly controlling for the
content of oxygen, sulfur and nitrogen. Moreover, the
recovery ratio of ferrotitanium can be stabilized above 65%
attibuted to the titanium addition into the steel after deep
deoxidization by aluminium.

The macrostructure of the thin slabs were consisted of

1 ———=



2005 £ _E#g K3
Mt i

the surface chill layer and central developed dendrites.
Before rolling, the size of the austenitic grains was in the
range of 500~1 000 um. As a result, the surface with better
quality could be obtained, in spite of the shrinkage porosities
and microcracks existed in the central zone. The additive Ti
was uniformly distributed in the thin slab, however, obvious
segregation of C elment could be observed in the width
direction of the thin slab.

The strength of the strip was remarkably increased with
increasing Ti content in steel yet decreasing strip thickness.
No perceptible change of the microstructure and properties of
strips could be observed when the rough rolling temperature
fluctuated from 1 050C to 1 120C. In particular, the finish
rolling temperature and coiling temperature were controlled
to be about 900C and 600C respectively, by which uniform
mechanical properties could be gained in the whole strip coil
of the high-strength weather-resisting steel. The reasonable
content of titanium in steel was about 0. 04wt% ~ 0. 12wt%
and correspondingly the yield strength could be attained 450~
600 MPa.

Large amount of precipitation, such as TiN, TiC and
Ti; C; S, has been found in the high-strength weather-resisting
steels produced by TSCR. The TiN particles, in square or
irregular shape, had the sizes in the range of tens of
nanometers to several microns. In contrast, the sizes of the
spherical TiC particles remained in the range of several to
tens of nanometers, distributed along the grain boundaries
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and in the ferrite matrix. The thermodynamic calculation
showed that the precipitation of TiN should be finished before
continuous rolling, yet the TiC was precipitated in the low
temperature zone of austenite and the ferrite. The TiN
particles could be refined due to the inherent characteristics
e. g. high cooling rate of the solidification of thin slabs.
However, deep investigation was still necessarily to be
conducted for the mechanism TiC precipitation.

Due to the fixation of free nitrogen by Ti, refined TiN
particles could be formed, and therefore the cold bendability
and weldability of the high-strength weather-resisting steel
can be improved. After welding, the testing specimen was
always fractured at the site of base metal. The structure of
the welded seam was consisted of the blocklike pro-eutectoid
ferrite and a mass of Widmanstaten structure as well as the
perlite distributed among the ferrite. In sum, the developed
high-strength weather-resisting steel possessed good weather-
resisting property.

Besides, the high-strength weather-resisting  steel
possessed good impact ductility and lower ductility-tough
transition temperature, but the TiC precipitates could damage
its ductility. Given the temperature, the impact ductility was
decreased with increasing the Ti addition. Correspondingly,
the ductility-tough transition temperature was enhanced with
increasing the Ti addition.

The results of chemical phase analysis showed that the
mass fraction of MC phase increased and that of Mj3C
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decreased, yet the carbon content in MC phase was increased
and the nitrogen content was decreased with increasing
titanium in the steel. Employing small angle X-ray scattering,
the size distribution of MC phase was measured. The results
showed that the particles smaller than 10 nm are mainly TiC
ones, occupied 63. 4wt% of the totally precipitated phases
( Stastical range: 1~300nm ). The calculation result
according to Orowan mechanism indicated that strength
contribution of precipitation hardenfng was about 115 MPa
for the 4 mm-thick strip with 0. 068% Ti.

The main strengthening manners in high-strength
weather-resisting  steels included grain  refinement,
precipitation hardening, dislocation hardening and solution
strengthing etc. Compared with those conventional container
strips, similar composition were adopted except Ti element,
which could cause precipitation hardening. Except
precipitation hardening, the ultimate combined strength was
only about 430 MPa on condition that the other strengthening
manners were taken into account. Thus, it is reasonable to
come to the conclusion that the main reason for high strength
of Ti microalloyed high-strength weather-resisting steel was
precipitation hardening that resulted from TiC particles.

Key words thin slab casting and rolling; microalloying technology;
carbonitride; precipitation hardening
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