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Description
TECHNICAL FIELD

[0001] The present invention relates to the technical field of the production of low alloy steel, in particular to a high-
strength and high-plasticity hot-rolled strip steel with high weather resistance and manufacturing method therefor.

BACKGROUND

[0002] Atmospheric corrosion-resistant steel is widely used in the production of outdoor steel structures with atmo-
spheric corrosion-resistance requirements such as containers, railway vehicles, bridges, etc. With the increasing demand
for green, low-carbon and environmentally friendly materials, the application scenarios of atmospheric corrosion-resistant
steel are also expanding. People use the weather resistance of atmospheric corrosion-resistant steel to make some
structural profiles serving in the atmospheric environment, such as guardrails, mast towers, support brackets, photovoltaic
brackets and so on. These steel structures can be used directly naked, or the surfaces thereof can be lightly coated before
use, which can achieve very high weather resistance, and thus some traditional steel surface anticorrosive processes for
steel, such as pre galvanizing, pre plating with zinc aluminum magnesium coating, post galvanizing, etc., can be replaced.
The use of atmospheric corrosion-resistant steel can not only reduce the energy consumption and pollution caused by the
metal coating process, but also improve the service life of steel structures and reduce the cost of anti-corrosion
maintenance at a later stage.

[0003] Solutions involving high-strength weathering steel are provided in the prior art, for example:

Chinese patent CN202011384068.6 discloses a low-alloy structural steel with high strength and high weather
resistance for highway guardrails, with a yield strength of about 500 MPa. The main design idea is to increase
the content of P element to 0.07-0.12% and to increase the content of Cr element to 0.30-1.25%, so as to formarich P
andrich Crlayer on the surface of the rustlayer, thereby making the rustlayer stable and dense to improve the weather
resistance of structural steel. The steel has a microstructure of ferrite and pearlite, with the volume content of pearlite
ranging from 5% to 25%. However, for structural steel, P is animpurity elementin steel. Excessive content of P will lead
to the center segregation of P and the segregation at grain boundaries, affecting the formability and toughness of the
steel, which is not conducive to the processing performance and service safety of the steel.

Chinese patent CN202010116991.5 discloses a high-strength weathering steel, which is mainly used in railway
vehicles. Italso aims to provide a high-strength weathering steel to solve the problem that the steel existing in the prior
artcannot achieve high strength and high weather resistance at the same time. The steel mainly contains the following
chemical components: C: 0.06-0.07%, Si: 0.23-0.26%, Mn: 1.40-1.50%, Ni: 0.0-0.19%, Cr: 0.0-0.51%, Cu:
0.31-0.33%, Ti: 0.110-0.12%, Nb: 0.030-0.036%, and Sb: 0.0-0.09%. Such steel adopts a microstructure of nearly
all ferrite, and the pearlite contentin the steelis only 2% or less. The yield strength of steel is 636 MPato 710 MPa, and
the tensile strength is 698 MPa to 775 MPa. The invention achieved higher strength through Nb and Ti composite
precipitation strengthening. However, it has the disadvantage of low content of Cr in the steel, i.e., 0.51% or less,
resulting in its weather resistance still at the level of ordinary weathering steel. The invention also mentions the use of
Sb to improve corrosion resistance, but Sb is a harmful element in steel that will degrade the performance of steel,
especially low-temperature toughness. Meanwhile, due to the low melting point of Sb, it is difficult to control the yield
after smelting, making it difficult to apply in practice.

Chinese patent CN201810154871.7 discloses a high-strength weathering steel with a yield strength of 550 MPa
grade, which is reinforced with 0.05-0.09 wt% of Ti and contains 0.30-0.60 wt% of Cr. Chinese patent
CN202110398903.X discloses a 700 MPa grade high strength weathering steel sheet that is resistant to atmospheric
corrosion, which is also strengthened with 0.100%-0.140% of Ti and contains 0.60%-1.00% of Cr. However, these
patented inventions aim to obtain weathering steel with high strength, and the weather resistance of the productsiis still
based on the general design.

SUMMARY

[0004] Anobjective ofthe presentinventionisto provide a high-strength and high-plasticity hot-rolled strip steel with high
weather resistance and manufacturing method therefor. On the basis of the high-strength weathering steel, the atmo-
spheric corrosion resistance of the material is significantly improved for the hot-rolled strip steel of the present invention,
which has a corrosion rate of 30% or less of that of the ordinary structural steel Q355B, i.e., a weather resistance 3 or more
times that of the steel Q355B, and its weather resistance is also one or more times higher than that of ordinary weathering
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steel (such as Q450NQR1 steel). The hot-rolled strip steel of the present invention can replace post-galvanized anti-
corrosion protection, and can be used barely for guardrails, mast towers, photovoltaics and other support structural parts
without coating on the surface. Moreover, the steel of the invention has high strength, with a yield strength of >600 MPa and
a tensile strength of > 700 MPa, while retaining high plasticity, with an elongation of > 24%; and it has a cold bending
performance that meets qualification under the conditions of bending at 180° and D=0.5t, preferably a cold bending
performance that meets qualification under the conditions of bending at 180°and D=0t, which has extremely high cold
working forming performance, can be completely folded without cracking, and can meet the requirements for roll forming of
profile components with complex cross-sections.

[0005] The present invention realizes the technical objective by optimizing the chemical composition of the hot-rolled
strip steel.

[0006] Specifically, a high Cr content of 1.5-4.5% is used to promote the formation of a uniform dense rust layer on the
surface of hot-rolled strip steel during use, and Cr can be rapidly enriched in the thin rust layer. The Cr concentration at the
interface between the rustlayer and the substrate can be 12% or more, which significantly improves the corrosion potential
and electrochemical impedance, and stops the corrosion from continuing to occur, thereby obtaining super high atmo-
spheric corrosion resistance. On the other hand, a microstructure mainly comprising 70% or more by volume of fine ferrite
can be obtained at a high Cr content, and there is a large amount of nanoscale precipitated phase of TiC with a diameter of
10 nm or less in the ferrite, so hot-rolled strip steel with high strength, high plasticity, high weather resistance and excellent
formability can be obtained economically.

[0007] Specifically, the hot-rolled strip steel of the present invention comprises the following components in mass
percentage: C:0.04-0.09%, Si<0.50%, Mn:0.10-1.50%, P<0.03%, S<0.01%, Al<0.60%, Cr: 1.5-4.5%, Cu: 0.10-0.60%, Ti:
0.05-0.18%, Ni<0.30%, Nb<0.06%, N<0.008%, and the balance being Fe and inevitable impurities, and the hot-rolled strip
steel further satisfies: 2Mn+Cr<6%, with element symbols being substituted with mass percentages of corresponding
chemical elements in the hot-rolled strip steel for calculation. For example, when the content of Mn in steel is 0.10%, the
numerical value 0.10% is substituted for calculation. Preferably, the composition of the hot-rolled strip steel satisfies
Ti-3N>0.04%, with element symbols being substituted with mass percentages of corresponding chemical elements in the
hot-rolled strip steel for calculation, in which case the strengthening effect of Ti can be fully exerted.

[0008] Preferably, the composition of the hot-rolled strip steel satisfies Si+2Ni>0.10%, with element symbols being
substituted with mass percentages of corresponding chemical elements in the hot-rolled strip steel for calculation, in which
case the effect of copper brittieness can be reduced.

[0009] Preferably, the hot-rolled strip steel of the present invention further comprises at least one selected from the
following: Ca<0.015%, Mg<0.015%, B<0.003%, M0<0.30%, V<0.15%, and Re<0.015%.

[0010] Preferably, the hot-rolled strip steel of the present invention has a microstructure of polygonal ferrite + a small
amount of pearlite + bainite mainly in the form of MA, and the ferrite has a grain size of grade 8 or more, preferably grade 9 or
more. The content of polygonal ferrite is 70-90%, and the content of pearlite is 5-30%. In the steel of the present invention,
the content of pearlite is more preferably 15% or more and 25% or less. The content of bainite is 5-15%, wherein the MA
structure accounts for about 20-70% of bainite, preferably 30-70%. The ferrite contains a large amount of nanoscale
precipitated phase of TiC with a diameter of 10 nm or less, and the content of nanoscale precipitated phase of TiC in ferrite
is about 0.005%-0.03%. Unless otherwise specified, the content of the steel microstructure in the presentinvention refers
to the volume fraction.

[0011] The hot-rolled strip steel of the present invention has very high weather resistance, and the corrosion rate of the
hot-rolled strip steel is 30% or less of that of the Q355B steel, that s, its weather resistance is 3 or more times that of Q355B
steel and 2 or more times that of ordinary weathering steel (such as Q450NQR1 steel). In addition, the corrosion rate of the
hot-rolled strip steel of the invention decreases rapidly with the increase of corrosion depth, and the simulation corrosion
test results show that the corrosion depth of the hot-rolled strip steel is < 0.1 mm during a simulated service cycle of 25
years.

[0012] The hot-rolled strip steel of the presentinvention has a yield strength of > 600 MPa, preferably 650 to 800 MPa; a
tensile strength of > 700 MPa, preferably 750 to 850 MPa; an elongation at break of > 20%, preferably 24% or more, more
preferably 26% or more; and a cold bending performance that meets qualification under the conditions of bending at 180°
and D=0.5t, preferably a cold bending performance that meets qualification under the conditions of bending at 180° and
D=0t (D is bending diameter, t is thickness of steel sheet); It has excellent formability, which can be completely folded
without cracking, and can meet the requirements for the roll forming processing of profile components with complex cross-
sections.

[0013] In the composition of the hot-rolled strip steel of the present invention, the functions of each element are as
follows:

C is an effective strengthening element in steel. In addition to solid solution strengthening, C can also form nanoscale
second-phase precipitated particles with Ti, Nb and other microalloying elements to play the role of precipitation
strengthening and refining the structure. As the most economical strengthening element, the C content of the present
inventionis>0.04%; However, too much C will form too much carbide or bainite hard phase structure in the steel, which will
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not only reduce the toughness and formability of the material, but also generate a galvanic cell effect to reduce the
corrosion resistance of the steel, and reduce the welding performance of the steel. Therefore, the C content is < 0.09%.
Unless otherwise specified, the content of elements in the hot-rolled strip steel of the present invention refers to the mass
fraction.

[0014] Siisacommonly used deoxidizing elementin steel and also has a solid solution strengthening effect on the steel.
It can also improve the corrosion resistance of the material, and has a certain effect on reducing the copper brittleness.
However, a high content of Si will lead to scale defects on the surface of hot-rolled strip steel, seriously affect the surface
quality of the strip steel, and deteriorate the welding performance of the material, resulting in the deterioration of the
toughness in the welding heat affected zone. Therefore, the content of Si of the present invention is < 0.50%s, preferably
0.06%<8Si<0.50%.

[0015] Mnis animportant strongly toughening element in steel, which has the effect of solid solution strengthening, and
can also reduce the transition temperature of supercooled austenite and reduce the transition temperature of ferritic
phase, which is conducive to microstructure refinement, thus improving the strength and toughness of the material.
However, the excessive content of Mn can significantly inhibit the transformation of ferrite into bainite, resulting in a decline
in plasticity and cold forming properties of the material. Therefore, the content of Mn in the present invention is 0.1-1.5%,
preferably 0.3-1.2%, and more preferably 0.5-1.0%.

[0016] Crisanimportantelementinimproving the weather resistance of steel sheet. The main mechanism of improving
the weather-resistance of weathering resistant steel is as follows: on one hand, the corrosion potential of the substrate is
increased by adding corrosion-resistant elements, to reduce the corrosion rate by increasing the electrochemical
impedance. On the other hand, Cr enables a physical barrier to the corrosive medium by promoting the formation of a
dense rustlayeron the surface and changing the corrosion environment at the substrate, and the corrosion gradually slows
down as the corrosion depth increases. When the content of Crin the steel exceeds 1.5%, under the combined action of Cr,
Cuand other elements, a uniform and dense rust layer can be formed on the surface of the substrate; a higher content of Cr,
in combination with Cu and other elements, makes the o-FeOOH in the rust layer very fine, which is conducive to blocking
the further penetration of electrochemical corrosion media such as water and improve the electrochemical impedance. At
the same time, due to the high concentration of Cr, with the increase of the thickness of the rust layer, Cr is enriched in the
front of the rust layer, so that the concentration of Crin the rust layer rapidly increases. Before the thickness of the rust layer
reaches 0.1 mm, the concentration of Cr at the interface between the rust layer and the substrate can reach 12% or more.
When the enriched concentration of Crreaches 12% or more, the hot-rolled strip steel of the presentinvention will produce
an effect similar to stainless steel, that is, the corrosion potential at the interface between the corrosion front rust layer and
the substrate is very high, as well as the blocking effect of the low corrosive medium of the dense rust layer, which makes
the electrochemical impedance of the strip surface very high, and the corrosion reaction is basically interrupted. However,
the content of Crin the substrate should not be too high. With the increase of the content of Crin the substrate, the corrosion
potential of the substrate will increase. For example, when the content of Cr exceeds 4.5%, the selective corrosion during
the initial stage of the rust layer formation will be enhanced, and the uniformity of the thickness of the rust layer will be
worsened; thatis, the concentration of Cr atthe front of the rustlayer and the corrosion environment will cause the chemical
impedance to be uneven, increasing the corrosion potential difference at the corrosion front, intensifying the galvanic
effect, and thus worsening the effect of inhibiting corrosion. In such cases, although the relative corrosion rate may be
reduced under limited test conditions, the depth of corrosion will not be reduced in the long period, and the effect of
improving weather resistance can not be achieved in long-term use. Therefore, the content of Crin the presentinvention is
1.5%-4.5%, preferably 2.27%-3.68%.

[0017] ReferringtoFigures 1and 2, Figure 1 shows the influence of the content of Crin steel on the relative corrosion rate
of hot-rolled strip steel in alternate immersion tests; and Figure 2 shows the effect of the content of Cr in steel on the long-
period corrosion depth of hot-rolled strip steel.

[0018] It can be seen from Figure 2 that the corrosion rate of the hot-rolled strip steel of the present invention decreases
rapidly with time, for example, when the content of Cr in the steel is 2%, the estimated value of the corrosion depth may be
0.1 mm or less during a simulated cycle of 25 years. However, when the content of Crin steel is 5%, the estimated value of
corrosion depth is about 0.12 mm during a simulated cycle of 25 years, indicating a decrease in corrosion resistance. In
addition, Cris also an element that increases the hardenability of steel, and a higher content of Cr can make the steel form
air-cooled bainite or air-cooled martensite at a lower air-cooling rate, thus significantly improving the tensile strength of the
material and reducing the yield-to-tensile ratio of the material, which is conducive to reducing the forming rebound and
improving the stability of the forming size. The present invention further improves the strength of steel by adopting the
design of a high content of Cr, making full use of this function of Cr, and combining the strengthening effect of C, Mn and
other elements.

[0019] Cuis also one of the important corrosion-resistant elements, and the effectis more obvious wheniitis added with
Cr. Cu can promote the formation of a dense rust layer on the steel surface. Adding 0.10% or more of Cu can significantly
improve the atmospheric corrosion resistance of steel. However, Cu is a metal with a low melting point, and the strip steel
containing more Cu is prone to copper brittle mesh cracks and warping defects on the surface during the hot rolling
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process, which deteriorates the surface quality of the steel. At the same time, Cu is also an expensive element. For the
above reasons, the content of Cu in the present invention is 0.10-0.60%, preferably 0.2-0.5%, more preferably
0.25-0.38%.

[0020] P is often added as a corrosion-resistant element in traditional atmospheric corrosion-resistant steel, which can
promote the formation of a protective rust layer on the surface, so as to effectively improve the atmospheric corrosion
resistance of steel. However, P is also a harmful impurity element in steel, which tends to segregate in the center of
thickness during continuous casting of slab. At the same time, P is easy to produce segregation at the grain boundary,
reducing the grain boundary binding energy, thus reducing the toughness and plasticity of steel. Based on similar
principles, P is also very unfavorable to the welding performance of steel. Therefore, the present invention does not adopt
atmospheric corrosion-resistant steel with a high content of P, but minimizes the content of P in the steel, requiring the
content of P to be 0.03% or less.

[0021] S is a common harmful impurity element in steel, which has adverse effects on low temperature toughness,
welding performance, cold forming performance, etc. The content of S in the steel of the presentinventionis 0.01% or less.
[0022] Alis a very effective deoxidizing element, and Al is conducive to refining grain and improving the strength and
toughness of the steel. At the same time, Al can also promote the formation of the ferrite, inhibit the pearlite transition, and
facilitate the transition of ferrite bainite dual phase structure. However, a high content of Al is not conducive to smooth
pouring, which tends to block the water outlet, so the presentinvention requires that the content of Al in the steel is <0.60%,
preferably 0.011-0.56%, more preferably 0.02-0.30%.

[0023] Tiis astrong carbonitride forming element, which can be precipitated in the form of extremely fine TiC or Ti(C, N)
as second phase particles, thus significantly improving the strength of the material, and itis a very effective strengthening
element. When the content of Tiis 0.05% or more, it will play a strong precipitation-strengthening role. At the same time, the
precipitation of TiC significantly reduces the free C to form larger carbides or pearlite, thereby reducing the galvanic effect
of heterogeneous phases in the corrosion process, improving the ability of the material to resist intergranular corrosion, so
as to improve the strength of the material, and at the same time to improve the corrosion resistance of the material.
However, when added content of Tiis too high, the precipitation-strengthening effect of Ti will gradually weaken, and begin
to affect the low temperature toughness of the steel. Therefore, the content of Ti of the present invention is 0.05-0.18%,
preferably 0.072-0.160%.

[0024] Nican improve the corrosion resistance of the steel and improve the surface copper brittleness caused by Cu.
However, the price of Ni is very expensive, and too much addition will greatly increase the alloy cost of the material.
Therefore, the content of the Ni in the present invention is < 0.30%, preferably 0.1% or more and 0.25% or less, more
preferably 0.20% or less.

[0025] Nb is also a strong nitrogen carbide forming element, and it can also be precipitated in the form of NbC and
Nb(CN) carbide particles as second phase, resulting in precipitation strengthening. However, the cost of Nb is much higher
than Ti, soitis not economical to increase strength by adding Nb compared to Ti. At the same time, the content of Nb being
too high will also affect the quality of the slab during the cooling process for casting of strip steel, resulting in surface cracks,
angle cracks and other defects. Therefore, the content of the Nb in the present invention is < 0.06%.

[0026] Nisanimpurity elementin steel. In Ti-containing steel, N is easy to combine with Ti and precipitate to form coarse
TiN inclusion during smelting. On one hand, TiN inclusion will damage the toughness of the steel; on the other hand, it also
reduces the effective content of Ti in the steel. Therefore, the content of N in the present invention is < 0.008%.
[0027] In addition, the compositional design of the hot-rolled strip steel of the present invention also needs to meet:
2Mn+Cr<6%. Mn and Cr can shift the C curve of ferrite transition to the right, significantly inhibit the ferrite transition and
make the transition time longer. According to the thermal simulation and CCT calculation, it is difficult for the strip steel to
have sufficient ferritic transformation during laminar flow cooling and post-coiling cooling when 2Mn+Cr>6%, and sufficient
ferritic transformation is very important for the properties of the steel. Firstly, the amount of ferrite transformation will directly
affect the elongation of the steel of the presentinvention, that is, the plasticity of the material. Insufficient elongation makes
it difficult for the material to meet the molding requirements for parts of complex cross sections. Secondly, the
transformation of ferrite also has an important impact on the precipitation of nanoscale phase of TiC. The diffusion
coefficient of Tiin the a-ferrite phase is high, while the solubility of C in the a-ferrite phase is very low, so with the occurrence
of y phase — o phase transition, TiC can be precipitated rapidly in the form of interphase precipitation or dispersion
precipitation, forming a nanoscale precipitated phase, thus significantly improving the strength. If the content of Mn and Cr
is too high, the ferritic phase does not undergo transformation, TiC is difficult to precipitate quickly; as the temperature
decreases, alarge number of structures are transformed into bainite, and the free C elementin the steel will be precipitated
in the form of carbide, which will no longer have a chance to combine with Ti to form TiC, and cannot produce enough
strengthening effect. Therefore, the full transformation of ferrite has an important effect on the strength and plasticity of the
steel. Therefore, in the presentinvention, itis required to satisfy 2Mn+Cr <6%, with element symbols being substituted with
mass percentages of corresponding chemical elements in the hot-rolled strip steel for calculation. Preferably,
3%<2Mn+Cr<5%.

[0028] Preferably, the composition of the hot-rolled strip steel of the present invention satisfies Ti-3N>0.04%, with
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element symbols being substituted with mass percentages of corresponding chemical elements in the hot-rolled strip steel
for calculation. If N in the steel preferentially combines with Ti to form TiN inclusion, the contribution of Ti to the strength of
the steel will be weakened. In the present invention, Ti-3N is defined as the effective content of Ti. When Ti-3N>0.04%, it
can be ensured thatthere is sufficient Ti to combine with C to form TiC precipitated particles for precipitation strengthening.
Preferably, Ti-3N>0.06%, more preferably, Ti-3N>0.09%.

[0029] Preferably, the composition of the hot-rolled strip steel of the present invention satisfies Si+2Ni>0.10%, with
element symbols being substituted with mass percentages of corresponding chemical elements in the hot-rolled strip steel
for calculation. Cu is easy to form copper brittleness defects on the surface of strip steel, while Si and Ni have the effect of
improving copper brittleness defects, and they can complement each other. Compared with Si, Ni has a better effect on
copper brittleness improvement, but the cost is also higher. When the content of Si+2Ni is 0.10% or more, the effect of
improving copper brittleness defect can be achieved. Therefore, the hot-rolled strip steel of the present invention can
contain one or two elements of Si and Ni. When Si<0.50%, Ni<0.30% and Si+2Ni>0.10% in the steel, the balance among
material design economy, material surface quality and copper brittleness can be adjusted by taking advantage of the
complementary relationship between the two elements, which makes the problem of copper brittleness can be controlled
economically. Preferably, Si+2Ni>0.30%.

[0030] Another aspect of the present invention provides a method for manufacturing the above hot-rolled strip steel,
comprising the following steps:

1) smelting and casting

smelting molten steel according to the above composition, and then casting into a slab;

2) heating the slab

rapidly heating up the slab such that the slab is heated for not more than 15 minutes crossing a slab temperature range
of 1050 to 1150 °C; keeping a furnace temperature in soaking section to be 1230 to 1290 °C, and soaking the slab fora
time of 30 to 90 min; and tapping at a temperature of 1230 to 1290 °C;

3) rolling

performing rough rolling after the slab leaving a heating furnace and sizing, wherein during the rough rolling stage,
high-pressure water of 15 MPa or more, preferably 20 MPa or more, is used for descaling, and a temperature at rough
rolling outletis 1080 °C orless; performing afinish rolling to the rough-rolled strip steel, wherein multi-stand continuous
rolling is used for the finish rolling, and a final rolling temperature is controlled to 820 to 880 °C;

4) cooling and coiling

adopting laminar flow cooling for cooling, and coiling the strip steel ata temperature of 630 to 680 °C; wherein after the
laminar flow cooling is finished, a steel coil is cooled slowly through hot coil stacking, slow cooling wall or insulation
cover, and a steel coil at a temperature of 530 °C or more is cooled at a cooling rate of < 1 °C/min.

[0031] Preferably, the temperature at the outlet of rough rolling is 1040 to 1080 °C.

[0032] Preferably, inthe finish rolling stage of step 3), if the thickness of the finished hot-rolled strip steel is 3mm or less,
the final rolling temperature is 860 to 880 °C; if the thickness of the finished hot-rolled strip steelis 3 to 5 mm, the final rolling
temperature is 840 to 860 °C; and if the thickness of the finished hot-rolled strip steel is 5 mm or more, the final rolling
temperature is 820 to 840 °C.

[0033] In the method for manufacturing the hot-rolled strip steel of the present invention:

For Cu-containing steel, low temperature heating is usually used to avoid copper embrittiement. However, for Ti-
containing steel, high temperature heating is usually required to fully dissolve Ti in solid solution and provide conditions
for the precipitation strengthening of TiC. Due to the hot-rolled strip steel of the presentinvention containing both Cuand Ti,
there is a contradiction in the heating system.

[0034] The manufacturing process of the present invention optimizes the heating curve of the slab during the heating
process. By fast burning at high temperature, the surface temperature of the slab can quickly cross the sensitive
temperature range of 1050-1150 °C for producing copper brittleness, and the heating time is controlled within 15 minutes,
so that the molten Cu can be absorbed by the newly formed oxide skin on the surface of the substrate, and it can avoid the
Cu penetration into the slab substrate, thus it can inhibit the generation of copper brittleness.

[0035] Inthe soaking stage, the temperature is keptat 1230 to 1290 °C, and the soaking time is controlled to 30 to 90 min
to ensure sufficient solid solution of Ti. The tapping temperature is also controlled to 1230 to 1290 °C. The technical
scheme of the present invention overcomes the contradiction that Cu-containing steel needs to be heated at low
temperature to inhibit the occurrence of copper brittleness and high Ti content steel needs to be heated at high temperature
for a sufficient solid solution, which can not only ensure sufficient solid solution of Ti and provide conditions for subsequent
Ti precipitation strengthening, but also reduce the occurrence of copper brittleness and improve the surface quality of the
hot-rolled strip steel.

[0036] After the slab is taken out of the heating furnace and sized, rough rolling is carried out. The rough rolling stage
should ensure a high enough descaling pressure to obtain a good descaling effect. It is demonstrated by practical
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production that high pressure water of 15 MPa or more, preferably 20 MPa or more, has a better crushing and removal
effect on the dense primary oxide skin on the surface of the slab with a high Cr content. The removal of oxide skin has a
significant improvement effect on reducing the copper embrittlement caused by surface Cu enrichment. Therefore, in the
manufacturing process of the present invention, the high-pressure water used for descaling is required to be 15 MPa or
more.

[0037] Inaddition,inordertoreduce the occurrence of surface copper brittleness and taking into account the effect of the
precipitation strengthening of Ti, the temperature at the roughing rolling outlet should be 1080 °C or less, preferably 1040 to
1080 °C.

[0038] After rough rolling, the strip steel is subjected to finish rolling, which adopts a process of multi-stand continuous
rolling. Depending on the thickness of the rolled strip steel, the final rolling temperature is controlled to 820 to 880 °C.
Compared with the general steel rolling process, the steel of the present invention needs to adopt a lower final rolling
temperature, for example, when the thickness of the finished hot-rolled strip steel is 3 mm or less, the final rolling
temperature is 860 to 880 °C; when the thickness of the finished hot rolled strip is 3to 5 mm, the final rolling temperature is
840to0 860 °C; and when the thickness of the finished hot rolled strip is 5 mm or more, the final rolling temperature is 820 to
840 °C. The purpose of controlling the temperature of final rolling is to increase the rolling deformation energy and promote
the fine-grained ferrite transformation after laminar flow cooling of the strip steel. The precipitation of ferrite can also
promote the precipitation of TiC, which can significantly improve the precipitation-strengthening effect. Therefore, the use
of final rolling at low temperature is very important to improve the plasticity and strength of the hot-rolled strip steel of the
present invention.

[0039] Due to the high content of Mn and Cr in the steel of the present invention, the ferritic phase transition will be
inhibited. However, the ferritic phase transition plays an important role in improving the plasticity and formability of the
material and promoting the precipitation of TiC to improve the strength of steel. Therefore, in addition to obtaining more
transformation power by reducing the final rolling temperature during the hot rolling stage, higher phase transition
temperature and more sufficient phase transition time should be given to the ferrite by increasing the coiling temperature
after laminar flow cooling. Therefore, in the present invention, the coiling temperature for strip steel is 630 to 680 °C. After
the laminar flow cooling is finished, it is also required for the strip steel to slowly cool the steel coil through hot coil stacking,
slow cooling wall or insulation cover, etc., such that the steel coil at a temperature of 530 °C or more is cooled at a cooling
rate of <1 °C/min, which ensure the sufficient occurrence of ferrite phase transformation and sufficient precipitation of TiC
particles, so as to improve the plasticity and strength of the material. The higher coiling temperature in the manufacturing
process of strip steel is also conducive to the shape control of strip steel.

[0040] Through the control of the above hot rolling process, the hot-rolled strip steel of the present invention has a
structure mainly composed of polygonal ferrite, in which the ferrite has a grain size of grade 8 or more or even up to grade
11. The polygonal ferrite content in the microstructure of hot-rolled strip steel is 70-90%, and a large amount of precipitated
phase of TiC with a diameter of 10 nm or less is dispersed in the ferrite, which has a significant contribution to the high
strength of the material. In addition, the hot-rolled strip steel also contains 5-30%, preferably 15-30%, more preferably
15-25% of pearlite, and a small amount, i.e., 5-15%, of bainite mainly in the form of MA, which can further improve the
strength of the steel. Preferably, the bainite contains 30-70% of MA structure. There is a large amount of nanoscale
precipitated phase of TiC in the steel, which makes the material have a high strength; specifically, it has a yield strength of >
600 MPa, and a tensile strength of > 700 MPa. The hot-rolled strip steel of the presentinvention has high plasticity due toits
microstructure mainly composed of ferrite; in particular, it has an elongation at break of > 24%, and a cold bending
performance that meets qualification under the conditions of bending at 180° and D=0.5t, preferably a cold bending
performance that meets qualification under the conditions of bending at 180° and D=0t. That s, the hot-rolled strip steel of
the present invention has high strength and high plasticity.

[0041] Compared with the prior arts, the advantages of the present invention are as follows:

Firstly, the present invention utilizes a high content of Cr addition of 1.5 to 4.5%, together with the addition of Cu and
other components, to promote the formation of a uniform dense rust layer on the surface of the hot-rolled strip steel of
the presentinvention whenitis used in the atmosphere, and to enable the rapid enrichment of the Cr concentration to
12% or more at the interface between the thin rust layer of < 0.1 mm and the substrate of strip steel. Through the
formation of a uniform dense rust layer on the surface of the strip steel and the high concentration of Cr brought about
by Cr enrichment in the rust layer, a significant increase in the corrosion potential and electrochemical impedance of
the strip steel substrate surface is realized, and surface corrosion is impeded from continuing to occur, so as to make
the hot-rolled strip steel of the present invention have ultra-high atmospheric corrosion resistance (the hot-rolled strip
steel of the present invention is used in environments with corrosion levels of C1-C3 as specified in GB/T
19292.1-2018). Alternate immersion tests were conducted on the Q355B steel and the hot-rolled strip steel of the
present invention respectively. The results showed that the corrosion rate of the hot-rolled strip steel of the present
invention was 30% or less of that of the Q355B steel, that is, its weathering resistance was 3 or more times that of the
steel Q355B, and 2 or more times that of the common weathering steel (Q450NQR1); and its corrosion rate in the
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atmosphere decreased rapidly with the increase in the corrosion depth of the strip steel surface. The strip steel of the
presentinvention is simulated to corrode for 25 years, and the results show that its corrosion depth in the atmosphere
for 25 years is < 0.1 mm.

Secondly, the hot-rolled strip steel of the present invention utilizes the precipitation strengthening of Ti which is
relatively economical, and by controlling the contentof Mn and Crin the steel and requiring 2Mn+Cr <6%, the strip steel
can obtain good corrosion resistance. Further, with a specific high-temperature coiling and post-coiling cooling
process, the hot-rolled strip steel contains 70-90%, preferably 75-90% by volume of ferrite, as well as a large number
of nanoscale precipitation phases of TiC distributed in the ferrite, so that the material has high strength and high
plasticity. Specifically, it has a yield strength of > 600 MPa, a tensile strength of > 700 MPa, an elongation at break of >
24%, and a cold bending performance that meets qualification under the conditions of bending at 180° and D = 0.5t,
preferably a cold bending performance that meets qualification under the conditions of bending at 180° and D = Ot (the
cold bending performance is evaluated with the standard GB/T 232-2010 "Metallic materials - Bend test", where D is
the bending diameter, t is the thickness of the steel sheet). It has excellent forming performance, and can be
completely folded without cracking, which can meet the requirements for roll forming processing of profile components
with complex cross-sections.

[0042] In addition, the composition design that satisfies Si+2Ni >0.10% is preferred in the present invention, thereby
achieving a balance among material design economy, material surface quality and copper brittleness problems.
[0043] Atthe same time, in terms of the heating system, the manufacturing method of the present invention overcomes
the contradiction between the Cu-containing steel requiring to be heated at low temperature to inhibit copper brittleness
and the high-Ti-content steel requiring to be heated at high temperature for sufficient solid solution. Through the control of
the rate for heating up the slab, fast burning at high temperature enables the surface temperature of the slab to quickly
cross the copper brittleness sensitive interval of 1050-1150 °C. Then, through the control of the heating time and heating
temperature in the soaking section, the sufficient solid solution of Ti at high temperature is ensured, which provides
conditions for the precipitation strengthening of Ti. On the other hand, in combination with the high-pressure water
descaling at 15 MPa or more for the rough rolling section, the occurrence of copper brittleness of the steel is reduced, and
the surface quality of the strip steel is guaranteed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0044]

Figure 1 shows the influence of Cr content in hot-rolled strip steel on the relative corrosion rate in alternate immersion
tests;

Figure 2 shows the corrosion depth of the test hot-rolled strip steel with different Cr contents during long period
atmospheric exposure;

Figure 3 is a photograph of the microstructure of the hot-rolled strip steel of Example 2 of the present invention;
Figure 4 is a photograph of the microstructure of the hot-rolled strip steel of Example 6 of the present invention; and

[0045] Figure 5is a TEM dark field photograph of the thin film of the hot-rolled strip steel of Example 2 of the present
invention, where the bright part is the precipitated phase with a diameter of 10 nm or less.

DETAILED DESCRIPTION

[0046] The presentinvention is further described below with reference to examples and the accompanying drawings.
[0047] The main processes for manufacturing the hot-rolled strip steel in Examples 1-8 of the present invention were as
follows:

1) According to the chemical composition shown in Table 1, converter smelting and refining were performed, followed
by continuous casting, to give a slab.

2) The slab was heated in a heating furnace. In the heating process, the process of heating up the slab was controlled,
such that the slab was heated for not more than 15 minutes crossing a range of 1050 to 1150 °C; the furnace
temperature in the soaking section was keptat 1230 to 1290 °C, and the slab was soaked for 30 to 90 min; and the slab
was tapped at a temperature of 1230 to 1290 °C.

3) The slab was subjected to descaling for rough rolling, sizing, rough rolling, flying shear, finish rolling descaling, and
finish rolling to give strip steel, wherein during the rough rolling stage, high-pressure water of 15 MPa or more was used
for descaling, and a temperature at the roughing outlet was 1080 °C or less. Finish rolling was performed to the rough-
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rolled strip steel, wherein multi-stand continuous rolling process was adopted for the finish rolling, and a final rolling
temperature was controlled to 820 to 880 °C.

4) Laminar flow cooling and coiling were performed after the finish rolling of strip steel to obtain the hot-rolled strip steel
of the present invention. The coiling of the strip steel was performed at a temperature of 630 to 680 °C. After laminar
flow cooling was finished, the steel coil was cooled slowly through hot coil stacking, slow cooling wall or insulation
cover, and the steel coil at a temperature of 530 °C or more was cooled at a cooling rate of <1 °C/min.

[0048] The specific process parameters adopted in the production process of Examples 1-8 were listed in Table 2. After
obtaining the hot-rolled strip steel according to steps 1-4 above, the performance of hot-rolled strip steel was tested, and
the specific performance parameters of the strip steel were shown in Table 3. The microstructures of Examples 1-8 were
also listed in Table 3.

[0049] The corrosion resistance of the hot-rolled strip steel in Examples 1-8 and the steel in Comparative Examples1-2
were tested according to TB/T2375 "Alternate Immersion Corrosion Test Method of Weathering Steel for Railway", the
"relative corrosion rate" in Table 3 was the corrosion rate of the hot-rolled strip steel in Examples 1-8 and the Q450NQR1
steel relative to the Q345B steel.

[0050] The yield strength, tensile strength and elongation at break of the steel in Examples 1-8 were tested in
accordance with GB/T 228.1-2021 "Metallic materials - Tensile testing - Part 1: Method of test at room temperature”,
and the cold bending performance was tested in accordance with GB/T 232-2010 "Metallic materials - Bend test".
[0051] The grain size of ferrite in Examples 1-8 was measured according to GB/T 6394-2017 "Determination of
estimating the average grain size of metal".

[0052] Figures 3-4 respectively show the metallographic structure of hot-rolled strip steel in Examples 2 and 6 of the
presentinvention. It can be seen from Figure 3-4 that the hot-rolled strip steel of Examples 2 and 6 of the present invention
had a microstructure mainly comprising ferrite, with the ferrite accounting for 80% or more; there was also a small amount
of atypical pearlite structure in the steel; and there was in fact some bainite mixed in the pearlite structure, with MA structure
observed in the bainite.

[0053] Figure 5 shows the dark field morphology observed by transmission electron microscopy (TEM) of the hot-rolled
strip steel of Example 2. Alarge amount of TiC precipitates of 10 nm or less can be found distributed at the grain boundaries
and within the grains of ferrite in the steel, and these extremely fine TiC particles have a strong contribution to the strength
of the material.

[0054] Inthe presentinvention, the existing Q355B steel and Q450NQR1 steel were taken as Comparative Examples. It
can be seen from the results in Table 3 that the hot-rolled strip steel of the present invention exhibited excellent corrosion
resistance.
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Table 2
Time for _ End . Temperature Final o
) Time for Tapping Coiling
No heatingat | _ . | temperature | e at rough temperature | . oture

. 1050-1150 " 9| of soaking FE°C] rolling Outlet of finish TOC]

°C [min] section [°C] [°C] rolling [°C]
Exa;nple 12 63 1286 1280 1077 880 630
Exa;nple 9 42 1264 1267 1062 865 636
Exa;nple 11 35 1240 1242 1044 855 643
Exa;nple 13 38 1233 1239 1042 850 662
Exa;nple 14 49 1255 1257 1067 852 676
Exafrsnple 7 78 1256 1249 1046 840 668
Exa;nple 10 69 1245 1243 1043 845 652
Exa‘;nple 8 50 1263 1260 1080 830 648
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Claims

A hot-rolled strip steel, comprising the following components in mass percentage: C: 0.04-0.09%, Si<0.50%, Mn:
0.10-1.50%, P<0.03%, S<0.01%, Al<0.60%, Cr: 1.5-4.5%, Cu: 0.10-0.60%, Ti: 0.05-0.18%, Ni<0.30%, Nb<0.06%,
N<0.008%, and the balance being Fe and inevitable impurities; the hot-rolled strip steel further satisfying:
2Mn+Cr<6%, with element symbols being substituted with mass percentages of corresponding chemical elements
in the hot-rolled strip steel for calculation.

The hot-rolled strip steel as claimed in claim 1, wherein Ti-3N>0.04%, with element symbols being substituted with
mass percentages of corresponding chemical elements in the hot-rolled strip steel for calculation.

The hot-rolled strip steel as claimed in claim 1 or 2, wherein Si+2Ni>0.10%, with element symbols being substituted
with mass percentages of corresponding chemical elements in the hot-rolled strip steel for calculation.

The hot-rolled strip steel as claimed in any one of claims 1-3, wherein the hot-rolled strip steel further comprises at
least one selected from the following: Ca<0.015%, Mg<0.015%, B<0.003%, M0<0.30%, V<0.15%, and Re<0.015%.

The hot-rolled strip steel as claimed in any one of claims 1-4, wherein the hot-rolled strip steel has a microstructure of
polygonal ferrite + a small amount of pearlite + bainite mainly in the form of MA, and the ferrite has a grain size of grade
8 or more, preferably grade 9 or more; wherein the hot-rolled strip steel has a polygonal ferrite content of 70-90%, a
pearlite content of 5-30% and a bainite content of 5-15%, in volume percentage; and wherein the ferrite contains
0.005%-0.03% by volume of nanoscale precipitated phase of TiC with a diameter of 10 nm or less.

The hot-rolled strip steel as claimed in any one of claims 1-5, wherein the hot-rolled strip steel has a corrosion rate of
30% or less of that of Q355B steel; the hot-rolled strip steel has a corrosion depth of < 0.1 mm during a simulated
service cycle of 25 years; and/or, the hot-rolled strip steel has a yield strength of > 600 MPa, a tensile strength of > 700
MPa, an elongation at break of > 20%, and a cold bending performance that meets qualification under the conditions of
bending at 180° and D=0.5t, preferably a cold bending performance that meets qualification under the conditions of
bending at 180° and D=0t.

A method for manufacturing the hot-rolled strip steel as claimed in any one of claims 1-6, comprising the following
steps:

1) smelting and casting

smelting molten steel according to the composition as claimed in any one of claims 1-4, and then casting into a
slab;

2) heating the slab

heating up the slab such that the slab is heated for not more than 15 minutes crossing a slab surface temperature
range of 1050 to 1150 °C; keeping a furnace temperature in soaking section to be 1230 to 1290 °C, and soaking
the slab for a time of 30 to 90 min; and tapping at a temperature of 1230 to 1290 °C;

3) rolling

performing rough rolling after the slab leaving a heating furnace and sizing, wherein during the rough rolling stage,
high-pressure water of 15 MPa or more, preferably 20 MPa or more, is used for descaling, and a temperature at
rough rolling outletis 1080 °C or less; performing a finish rolling to the rough-rolled strip steel, wherein multi-stand
continuous rolling is used for the finish rolling, and a final rolling temperature is controlled to 820 to 880 °C;
4) cooling and coiling

adopting laminar flow cooling for cooling, and coiling the strip steel ata temperature of 630 to 680 °C; wherein after the
laminar flow cooling is finished, a steel coil is cooled slowly through hot coil stacking, slow cooling wall or insulation
cover, and a steel coil at a temperature of 530 °C or more is cooled at a cooling rate of <1 °C/min.

The method for manufacturing the hot-rolled strip steel as claimed in claim 7, wherein the temperature at rough rolling
outlet is 1040 to 1080 °C.

The method for manufacturing the hot-rolled strip steel as claimed in claim 7, wherein in the finish rolling stage of step
3), ifthe finished hot-rolled strip steel has a thickness of 3mm or less, the final rolling temperature is 860 to 880 °C; if the
finished hot-rolled strip steel has a thickness of 3 to 5 mm, the final rolling temperature is 840 to 860 °C; and if the
finished hot-rolled strip steel has a thickness of 5 mm or more, the final rolling temperature is 820 to 840 °C.

13
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10. The method for manufacturing the hot-rolled strip steel as claimed in claim 7, wherein in step 2), the slabis heated ina

heating furnace or a soaking furnace for soaking.

14
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