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Description
Technical Field

[0001] The present disclosure relates to a steel plate and a method for manufacturing the same, particularly to a low-
carbon cold-rolled high-strength steel plate and a method for manufacturing the same.

Background Art

[0002] It's well known thatan enameled article is made of a metal material and a vitreous inorganic material by firing ata
high temperature. The metal material and the vitreous inorganic material, two materials having completely different
properties, are combined and form a whole, so that their respective shortcomings can be compensated for by each other,
whereby highlighting their respective advantages.

[0003] Forexample, whenthe enamel layer of an enameled article is subjected to external impact, the metal having high
strength can withstand the external force, thus protecting the article from damage or greatly reducing the damage; and
when the enameled article is subjected to chemical erosion, the enamel layer can play a protective role, preventing the
metal material from corrosion which may lead to damage to or scrappage of the article. Therefore, the enameled article can
benefit from a series of excellent properties of the metal material and the vitreous inorganic material at the same time.
[0004] An enameled steel article is a composite material formed by melting a vitreous inorganic material and coating it
onto a steel plate surface. In recent years, it has been widely used in light industry, home appliances, and environmental
protection and construction industries, for preparation of products such as ovens, water heaters, bathtubs, denitrification
equipment (SCR) in thermal power plants, air preheaters (APH) and gas-gas heaters (GGH), building decorative panels,
various glass-fused-to-steel tanks, etc.

[0005] Nowadays, inthe preparation of enameled steel, the enameling methods are mainly classified into two types: wet
enameling and dry enameling. The enameling method in which a glaze slurry is applied to a metal blank is named wet
enameling. There are three basic processes for wet enameling: dip enameling, spray enameling and flow enameling. Dry
enameling mainly refers to electrostatic dry powder enameling. In this method, the high voltage generation principle is
adopted. In particular, an electrostatic spray gun is used to form a negatively charged electrostatic field at a voltage of 70 to
100 kV. A workpiece to be sprayed is grounded. When the workpiece passes by the spray gun in a spray room, the spray
gun starts to spray powder. The positively charged workpiece and the negatively charged powder attract each otherto form
a powder coating.

[0006] Among the above-mentioned enameling methods, the electrostatic dry powder enameling method provides an
enameled steel material with the best surface quality. However, this process also has higher requirements on the base
steel plate.

[0007] Thisis because the porcelain layer obtained by the electrostatic dry powder enamel method is denser, and thus
the hydrogen generated during the enamel firing process is more difficult to escape. As a result, fish-scaling defects are
more likely to occur. In addition, because the electrostatic dry powder enamel layer is relatively thin (usually less than 200
rm), defects such as bubbles, pinholes and the like are prone to occur on the enamel surface, affecting the surface quality.
Therefore, when a steel plate applicable to electrostatic dry powder enameling is designed and developed, the steel plate
needs to have excellent resistance to fish-scaling, pinhole and bubble defects.

[0008] Besides,itshould be noted that, in addition to excellent resistance to fish-scaling, pinhole and bubble defects, the
steel plate used to prepare an enameled article also needs to have a high yield strength in specific applications and a small
drop in strength after high-temperature enamelfiring. This is because the quality of enameled articles is also required to be
improved constantly as the enamel industry is making continuous progress. For example, in the field of manufacturing
enameled steel plates for building decorative panels, in order to reduce splicing and improve aesthetics, it is necessary to
produce larger enameled steel plates. However, this type of enameled steel plates is highly demanding on the plate shape.
The larger the size of the workpiece, the more likely it is to deform during the high-temperature enamel firing process.
Hence, it's required that the enameled steel plate used as a substrate must have sufficient resistance to high-temperature
deformation to ensure that no serious deformation occurs after high-temperature enamel firing at 840-870°C.

[0009] Tothisend,inorderto meetthe current market demand, it's desired according to the present disclosure to obtain
an ultra-low carbon cold-rolled high-strength steel applicable to electrostatic dry powder enameling. This ultra-low carbon
cold-rolled high-strength steel can meet the various requirements for use in electrostatic dry powder double-side
enameling. After enameling, no fish-scaling defect occurs; the porcelain layer is well adhered to the steel plate; and
the enamel surface quality is excellent. Meanwhile, the ultra-low carbon cold-rolled high-strength steel has a yield strength
of 200 MPa or higher. After high-temperature enamel firing at 840-870°C, the yield strength decreases by 10% or less.
Therefore, the deformation problem after the high-temperature enamel firing is avoided, and the strength of the final
enameled article is significantly improved. The enameled article obtains excellent performances in use and an extended
service life.
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[0010] In the prior art, there are some technologies for manufacturing cold-rolled enameling steel applicable to
electrostatic dry powder enameling, but it’s still different from the steel with specific strength and performance require-
ments according to the present disclosure, and there are still significant differences in chemical composition design.
[0011] For example, Chinese Patent Application CN101356295A, published on January 28, 2009, and titled "CON-
TINUOUSLY CASTED ENAMELING STEEL PLATE WITH SIGNIFICANTLY EXCELLENT FISH-SCALING RESIS-
TANCE AND METHOD FOR MANUFACTURING SAME", discloses a continuously casted enameling steel plate with
significantly excellent fish-scaling resistance and a method for manufacturing the same, wherein the chemical element
composition is designed as follows: C: 0.010% or less, Mn: 0.03-1.30%, Si: 0.100% orless, Al: 0.030% orless, N: 0.0055%
or less, P: 0.035% or less, S: 0.08% or less, O: 0.005-0.085%, B: 0.0003-0.0250%, with non-integrated or integrated
oxides comprising different mass concentrations of B or Mn present in the steel plate.

[0012] For another example, Chinese Patent Application CN105518174A, published on April 20, 2016, and titled
"COLD-ROLLED ENAMELING STEEL PLATE, METHOD FOR MANUFACTURING SAME, AND ENAMELED ARTICLE"
discloses a cold-rolled enameling steel plate, a method for manufacturing the same, and an enameled article , wherein the
chemical element composition is designed as follows: C: 0.0005-0.0050%, Mn: 0.05-1.50%, Si: 0.001-0.015%, Al:
0.001-0.01%, N: 0.0010-0.0045%, O: 0.0150-0.0550%, P: 0.04-0.10%, S: 0.0050-0.050%, Nb: 0.020-0.080%, Cu:
0.015-0.045%, and a balance of Fe and impurities.

[0013] For still another example, Chinese Patent Application CN106560523A, published on April 12, 2017, and titled
"COLD-ROLLED ENAMELING STEEL PLATE AND METHOD FOR MANUFACTURING SAME" discloses a cold-rolled
enameling steel plate and a method for manufacturing the same, wherein the chemical element composition is designed
as follows: C: 0.005% or less (except 0%), Mn: 0.05% to 0.3%, Al: 0.005% or less (except 0%), P: 0.03% or less (except
0%), S: 0.02% or less (except 0%), Si: 0.01% or less (except 0%), Ti: 0.005% to 0.01%, Y:0.01% to 0.02%, N: 0.003% or
less (except 0%), and a balance of Fe and unavoidable impurities.

Summary

[0014] One of the objects of the present disclosure is to provide an ultra-low carbon cold-rolled high-strength steel
applicable to electrostatic dry powder enameling. This ultra-low carbon cold-rolled high-strength steel can meet the
various requirements for double-side enameling with electrostatic dry powder. After enameling, no fish-scaling defect
occurs, and the porcelain layer is well adhered to the steel plate. Therefore, the enamel surface quality is excellent.
Meanwhile, the ultra-low carbon cold-rolled high-strength steel has a yield strength of 200 MPa or higher. After high-
temperature enamel firing at 840-870°C, the yield strength decreases by 10% or less. Therefore, the deformation problem
after the high-temperature enamel firing is avoided, and the strength of the final enameled article is significantly improved.
The enameled article obtains excellent performances in use and an extended service life.

[0015] The ultra-low carbon cold-rolled high-strength steel of the present disclosure can be widely used in large-size
enameled panels for architectural decoration, bathtubs and other products that need to be made by electrostatic dry
powder enameling and require high yield strength after enameling. It has very significant application value.

[0016] In order to achieve the above object, the present disclosure provides an ultra-low carbon cold-rolled high-
strength steel applicable to electrostatic dry powder enameling, comprising Fe and unavoidable impurity elements, as well
as the following chemical elements in mass percentage:

C: 0.002-0.010%, Si<0.05%, Mn: 0.25-1.0%, P: 0.04-0.08%, S: 0.01-0.04%; Al: 0.01-0.05%, Cu: 0.02-0.08%, Ti:
0.05-0.12%, Mo: 0.02-0.10%, N: 0.004-0.012%;

wherein the chemical elements satisfy at least one of the following formulas:

M*>0, where M*=Ti-Sx1.5-Nx3.4-CX4;

N*>0.012, where N*=(Mn+P)xMo;

wherein each chemical element in the formulas represents the value in front of the percentage symbol of the mass
percentage of that chemical element.

[0017] Further, in the ultra-low carbon cold-rolled high-strength steel of the present disclosure, the mass percentages of
the chemical elements are:

C: 0.002-0.010%, Si<0.05%, Mn: 0.25-1.0%, P: 0.04-0.08%, S: 0.01-0.04%; Al: 0.01-0.05%, Cu: 0.02-0.08%, Ti:
0.05-0.12%, Mo: 0.02-0.10%, N: 0.004-0.012%; and a balance of Fe and unavoidable impurity elements;

wherein the chemical elements satisfy at least one of the following formulas:

M*>0, where M*=Ti-SX1.5-Nx3.4-Cx4;

N*>0.012, where N*=(Mn+P)XxMo;

wherein each chemical element in the formulas represents the value in front of the percentage symbol of the mass
percentage symbol of that chemical element.
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[0018] In the ultra-low carbon cold-rolled high-strength steel of the present disclosure, the chemical elements are
designed according to the following principle:

C: In the ultra-low carbon cold-rolled high-strength steel of the present disclosure, the C element can all be combined with
strong carbide-forming elements such as Ti or Nb to form dispersed fine precipitation phases. These precipitation phases
can effectively increase the hydrogen storage capacity of the steel plate, thereby playing a role in resisting fish-scaling of
the enamel. At the same time, nano-scale precipitation phases such as TiC can also play a role in precipitation
strengthening. However, it should be noted that the content of the C element should not be too high. The C element
should not be added in an excessive amount relative to the alloying elements. The reason is that when the enamel is fired,
the surplus free carbon will lead to generation of a large amount of CO and other gases during the enamel firing process.
These gases will resultin an undesirable porous structure in the enamel layer, and in turn produce defects such as pinholes
and bubbles, which influence the surface quality of the enamel. This influence is even greater during the electrostatic dry
powder enameling process. Therefore, in view of the influence of the C content on the performances of the steel, the mass
percentage of the C elementis controlled at 0.002-0.010% in the ultra-low carbon cold-rolled high-strength steel according
to the present disclosure.

[0019] Si: In the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the Sielementis a
residual element. If the Si content in the steel is too high, the plasticity of the steel will deteriorate. In addition, during the
enameling process, a higher Si content will also affect the adhesion between the steel plate and the enamel. Therefore, the
mass percentage of the Si element is controlled to be Si<0.05% in the ultra-low carbon cold-rolled high-strength steel
according to the present disclosure. In some embodiments, the mass percentage of Siis 0.01-0.05% or 0.01-0.045%.
[0020] Mn, P: In the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the Mn and P
elements are both major solid solution strengthening elements. Generally, a TiFe(P) precipitation phase may form in the
steel with high Ti and P contents, and this precipitation phase may tend to cluster and precipitate at the ferrite grain
boundaries, resulting in deterioration of the mechanical performances of the material. In the technical solution of the
presentdisclosure, this situation is avoided by controlling the final temperature of the hot rolling and the coiling temperature
to avoid the precipitation temperature range of the TiFe(P) phase, so that the P element only plays a role in solid solution
strengthening. At the same time, it should also be taken into consideration that too high a P content will lead to formability
and secondary brittleness of the material. Therefore, in the ultra-low carbon cold-rolled high-strength steel according to the
present disclosure, the mass percentage of the Mn element is limited to 0.25-1.0%, and the mass percentage of the P
element is limited to 0.04-0.08%.

[0021] S: Usually, in the steel with more Mn element added, the S element may combine with the Mn element to form
strip-shaped and line-shaped MnS inclusions which may cause deterioration of the mechanical performances of the
material. Onthe contrary, for the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, due to
the addition of a relatively high amount of the Ti element which can promote formation of spherical or polygonal TiMn(S)
inclusions, the mechanical properties of the material can be improved. In addition, in the present technical solution, the S
element in the steel mainly combines with Ti and C to form Ti,C,S,, TiS precipitation phases or inclusions. These
precipitation phases or inclusions formed in the steel can act as irreversible hydrogen storage traps, playing a role in
resisting fish-scaling of the enamel. Therefore, in order to exert the beneficial effects of the S element, in the present
disclosure, the mass percentage of the S element is controlled at 0.01-0.04%.

[0022] Mo: In the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, molybdenum can
be solid-dissolved in ferrite, austenite and carbide to play a role in solid solution strengthening. In addition, molybdenum
can also increase the stability of carbides such as TiC and NbC, and reduce aggregation and coarsening of carbide
precipitation phases caused by high-temperature enamel firing (usually at a temperature up to 840-870°C), thereby
improving the high-temperature stability of the steel and avoiding the problem of a significant drop in the yield strength of
the steel plate due to the weakened precipitation strengthening effect after enamel firing. However, it should be noted that
the Mo content in the steel should not be too high. Adding excessive Mo will significantly increase the manufacturing cost.
Therefore, in the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the mass percentage
of the Mo element is limited to 0.02-0.10%.

[0023] Al In the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, Al is a strong
deoxidizing element. In order to keep the O content in the steel at a low level, Alis often required to be used for deoxidation
in medium and low carbon steels. In addition, the Al element dissolved in the steel can also combine with free nitrogen to
precipitate A1N which has a high precipitation temperature and plays a role in refining the austenite grains. Thus, the Al
element is beneficial to grain refinement and fine grain strengthening. Therefore, in order to exert the beneficial effects of
the Al element, in the present disclosure, the mass percentage of the Al element is limited to 0.01-0.05%.

[0024] Ti: In the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, Ti is the main
element that enables the steel to obtain good hydrogen storage capacity. The Ti element in the steel can form dispersed
fine TiC and Ti (C, N) precipitation phases in an appropriate process of controlled rolling and controlled cooling. These
precipitation phases can act as irreversible hydrogen storage traps to increase the hydrogen storage capacity of the steel
plate, andinturn play arole in resisting fish-scaling of the enamel. However, too much Tiin the steel will lead to poor forming
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performance of the material and increase the cost. Therefore, with both the mechanical performances of the steel and the
cost factor taken into consideration, the mass percentage of the Ti elementin the ultra-low carbon cold-rolled high-strength
steel according to the present disclosure is limited to 0.05-0.12%.

[0025] Cu: In the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the Cu element
may be deposited at the bonding interface between the enamel and the steel during the high-temperature enamel firing
process, thereby improving the adhesion between the steel and the enamel, and in turn improving the anti-fish-scaling
performance of the steel material. However, the Cu content in the steel should not be too high. If the Cu contentin the steel
is too high, it will also lead to poor forming performance of the material and increase the cost. Therefore, with both the
mechanical performances of the steel and the cost factor taken into consideration, in the present disclosure, the mass
percentage of the Cu element is limited to 0.02-0.08%.

[0026] N:Inthe ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the main function of
the N element is to form inclusions or precipitation phases such as TiN, NbN or Ti(C, N), Nb(C, N) with alloy elements such
as Ti and Nb. In turn, the inclusions or precipitation phases act as hydrogen storage traps to resist fish-scaling of the
enamel. In addition, the nitride inclusions are partially broken during the cold rolling process, thereby forming tiny cavities
around them. These tiny cavities are also very important and effective hydrogen storage traps. As such, in order to exertthe
beneficial effects of the N element, the mass percentage of the N element s limited to 0.004-0.012% in the ultra-low carbon
cold-rolled high-strength steel according to the present disclosure.

[0027] Inthe above technical solution of the present disclosure, while the mass percentages of the chemical elements in
the steel are controlled separately, the elements in the steel according to the present disclosure are further controlled to
satisfy the limiting relationship of "M*>0, where M*=Ti-SX1.5-Nx3.4-Cx4". The inventors have discovered through
experimental research that when the contents of the elements in the steel satisfy the above-mentioned limiting relation-
ship, it can be ensured that the C and N interstitial atoms in the steel are completely immobilized, thereby ensuring that the
structure of the steel is exclusively ferrite. After electrostatic dry powder enameling is performed on the steel plate with such
a structural feature, the enamel surface has excellent quality, with no defects such as pinholes or bubbles generated. In
some embodiments, 0.001 < M*< 0.02. In some embodiments, 0.001 < M*< 0.013.

[0028] Accordingly, in the present disclosure, while the mass percentages of the chemical elements in the steel are
controlled separately, the elements in the steel plate for pressure vessels may be further controlled to satisfy the limiting
relationship of "N*>0.012, where N*=(Mn+P)XxMo". The inventors have discovered through experimental research that
when this limiting relationship is satisfied, it can be ensured that the steel plate has a yield strength of 200 MPa or higher,
and after high-temperature enamel firing, the steel plate still maintains a relatively high yield strength value which is lower
than the initial strength by no more than 10%. In some embodiments, 0.012<N*<0.10. In some embodiments,
0.012<N*<0.06.

[0029] Further, the ultra-low carbon cold-rolled high-strength steel according to the present disclosure may also
comprise: B<0.003%, and Nb<0.06%.

[0030] Further, in the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the chemical
elements also include at least one of the following: B: 0.0006-0.003%; Nb: 0.02-0.06%.

[0031] In the present disclosure, in order to obtain an ultra-low carbon cold-rolled high-strength steel having better
performances, in certain embodiments, appropriate amounts of the B and Nb elements may be further added.

[0032] Nb:Inthe technical solution according to the present disclosure, the Nb element may be combined with the C and
N elements to form fine precipitation phases such as NbC, NbN and the like. Of course, Nb may also adhere to the
previously formed TiC precipitation phase to form a (Nb, Ti) C phase. These precipitation phase particles can act as
irreversible hydrogen storage traps, and thus play a role in both resisting fish-scaling of the enamel and precipitation
strengthening. In addition, these precipitation phase particles can also effectively inhibit the deformation and recrystalli-
zation of austenite and prevent growth of austenite grains during the hot rolling process, thereby playing a role in fine grain
strengthening. Therefore, in order to exert the beneficial effects of the Nb element, a small amount of Nb may be preferably
added to the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, and the mass percentage
of the Nb element is limited to 0.02%-0.06%.

[0033] B:Inthe technical solution according to the present disclosure, an appropriate amount of the B element may be
added to form B (C, N) in the steel plate to increase the second-phase particles, and increase the number of hydrogen
traps, thereby improving the anti-fish-scaling performance of the steel plate. In addition, B (C, N) may also act as crystal
nuclei to facilitate formation of equiaxed crystals and prevent grain growth. This is beneficial to improving the enameling
performance and mechanical properties of the steel plate. Therefore, in the ultra-low carbon cold-rolled high-strength steel
according to the present disclosure, a small amount of B may be preferably added, and the mass percentage of the B
element may be controlled at 0.0006-0.003%.

[0034] Furthermore, in the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the
microstructure is exclusively ferrite.

[0035] Inthe ultra-low carbon cold-rolled high-strength steel designed according to the present disclosure, the matrix of
the microstructure is exclusively ferrite, and inclusions or precipitation phases such as TiN, TiC, Ti(C, N), Nb(C, N) and the
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like are distributed dispersively in the matrix.

[0036] Further, in the ultra-low carbon cold-rolled high-strength steel according to the present disclosure, the ferrite has
a grain size of grade 9-11.

[0037] Further, the ultra-low carbon cold-rolled high-strength steel according to the present disclosure has a thickness of
0.7-3.5 mm.

[0038] Further, the performances of the ultra-low carbon cold-rolled high-strength steel according to the present
disclosure satisfy: yield strength > 200MPa, tensile strength > 400MPa, elongation > 30%, and drop in yield strength
< 10% after high-temperature enamel firing at 840-870°C.

[0039] Further, the performances of the ultra-low carbon cold-rolled high-strength steel according to the present
disclosure satisfy: yield strength > 220MPa, tensile strength > 410MPa, elongation > 34%, and drop in yield strength
< 6.5% after enamel firing by holding at 840-870°C for 5min.

[0040] Further, afterenamelfiring by holding at 840-870°C for 5min, the performances of the ultra-low carbon cold-rolled
high-strength steel according to the present disclosure satisfy: yield strength >210MPa, tensile strength >370MPa,
elongation >34%.

[0041] Accordingly, another object of the presentdisclosure is to provide a method for manufacturing an ultra-low carbon
cold-rolled high-strength steel plate applicable to electrostatic dry powder enameling. The manufacturing method can be
implemented with a simple production process, and the above-mentioned ultra-low carbon cold-rolled high-strength steel
plate of the present disclosure can be prepared effectively with this manufacturing method. The ultra-low carbon cold-
rolled high-strength steel plate is well adapted to enameling, and can be effectively used for electrostatic dry powder
enameling.

[0042] Inordertoachieve the above object, it's proposed in the present disclosure a method for manufacturing the above
ultra-low carbon cold-rolled high-strength steel, comprising the following steps:

(1) Smelting and casting;

(2) Heating of cast blank;

(3) Hot rolling;

(4) Laminar cooling: Controlling a cooling rate at 10-30°C/s to cool the steel plate to a coiling temperature;
(5) Coiling: Coiling at a temperature of 600-680°C, and then air cooling to room temperature;

(6) Pickling;

(7) Cold rolling;

(8) Annealing;

(9) Temper rolling.

[0043] In the present disclosure, the casting process of the above step (1) may be specifically implemented by a
continuous casting process which can guarantee a uniform internal composition of the cast blank and good surface quality.
Of course, in some other embodiments, a die casting process may also be used for casting, and the die-cast steel ingot
further needs to be rolled by a primary rolling mill to form a steel blank.

[0044] Further, in the manufacturing method according to the present disclosure, in step (2), the heating temperature is
controlled to be 1180-1260°C.

[0045] Further,inthe manufacturing method according to the present disclosure, in step (3), the heated cast blank is first
rough-rolled into an intermediate blank, and then the intermediate blank is subjected to finish rolling, wherein the rough-
rolling temperature is controlled to be 900°C or higher, such as 900-1080°C; the start temperature of the finish rolling is
900-1050°C; and the final temperature of the finish rolling is 860-940°C.

[0046] In the manufacturing method designed according to the present disclosure, by controlling the hot rolling,
controlled rolling and controlled cooling processes in step (3) and step (4), it can be ensured that the steel of the present
disclosure acquires a fine ferrite grain structure, so as to improve the yield strength of the steel plate by fine grain
strengthening. In addition, the control is also beneficial to generation of dispersed fine precipitation phases of alloy
elements such as Tiand Nb, thereby improving the anti-fish-scaling performance of the steel plate. Furthermore, formation
of a TiFe(P) precipitation phase can be effectively avoided. This precipitation phase tends to cluster and precipitate at the
ferrite grain boundaries, and will lead to deterioration of the mechanical performances of the material.

[0047] Further, in the manufacturing method according to the present disclosure, in step (7), the cold rolling reduction
rate is controlled to be 70-95%.

[0048] Inthe above step (7), the cold rolling reduction rate can be controlled at 70-95%. As the cold rolling reduction rate
increases, on the one hand, the recrystallization temperature of the steel can be reduced, and on the other hand, formation
of tiny cavities around the inclusions or precipitation phases in the steel is favored, thereby increasing the hydrogen
storage capacity of the steel, and in turn improving the anti-fish-scaling performance of the enamel on the steel plate.
[0049] Further, in the manufacturing method according to the present disclosure, in step (8), continuous annealing is
utilized, and the annealing temperature is 770-830°C.
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[0050] Further, in the manufacturing method according to the present disclosure, in step (8), bell-type annealing is
utilized, and the annealing temperature is 690-740°C.

[0051] Inthe presentdisclosure, a continuous annealing process or a bell-type annealing process may be utilized for the
annealing process as desired. When the continuous annealing process is utilized, the continuous annealing temperature
may be controlled to be 770-830°C; and when the bell-type annealing process is utilized, the bell-type annealing
temperature may be controlled to be 690-740°C. Further, sufficient recrystallization and texture development can be
guaranteed, which is beneficial for the steel plate to acquire good processing and forming performances.

[0052] Accordingly, after the annealing process in step (8) is completed, it's necessary to subject the steel plate or steel
strip to temper rolling to improve the shape and surface quality of the steel plate or steel strip.

[0053] Compared with the prior art, the ultra-low carbon cold-rolled high-strength steel applicable to electrostatic dry
powder enameling and the method for manufacturing the same according to the present disclosure have the following
advantages and beneficial effects:

In contrast to the prior art, in the present disclosure, the inventors have designed a brand-new chemical composition. With
the design of a particular content relationship of P, Mn and Mo, and a particular content relationship of C, S, N, and Tiwhich
is an alloy element, in combination with particular processes of hot rolling, controlled rolling and controlled cooling, as well
as particular processes of cold rolling and annealing, an ultra-low carbon cold-rolled high-strength steel applicable to
electrostatic dry powder enameling can be prepared effectively. The ultra-low carbon cold-rolled high-strength steel not
only has a high yield strength performance, but can also satisfy the requirements of a double-side electrostatic dry powder
enamel in terms of fish-scaling resistance, enamel adhesion, and enamel surface quality.

[0054] The ultra-low carbon cold-rolled high-strength steel prepared according to the technical solution of the present
disclosure has a yield strength of 200 MPa or higher. After high-temperature enamel firing at 840-870 °C, the yield strength
decreases by 10% or less. The deformation problem of the steel plate after the high-temperature enamel firing can be
avoided; the strength of the final enameled article can be improved significantly; and the service life of the enameled article
can be extended.

[0055] As it can be seen from the above description, the ultra-low carbon cold-rolled high-strength steel designed
according to the present disclosure can be widely used in large-size enameled panels for architectural decoration and
other products that need to be made by electrostatic dry powder enameling and require high yield strength afterenameling.
It has very significant application value.

Description of the Drawing
[0056]

FIG. 1is a photograph showing the metallographic structure of the ultra-low carbon cold-rolled high-strength steel of
Example 1.
FIG. 2 is a photograph showing the precipitation phase of the ultra-low carbon cold-rolled high-strength steel of
Example 1.

Detailed Description

[0057] The ultra-low carbon cold-rolled high-strength steel applicable to electrostatic dry powder enameling and the
method for manufacturing the same according to the present disclosure will be further explained and illustrated below with
reference to the specific examples and drawings of the specification. However, such explanation and illustration are not
intended to unduly limit the technical solution of the present disclosure.

Examples 1-8 and Comparative Examples 1-2

[0058] The ultra-low carbon cold-rolled high-strength steel plates applicable to electrostatic dry powder enameling
described in Examples 1-8 of the present disclosure and the comparative steel plates of Comparative Examples 1-2 were
prepared by the following steps:

(1) Smelting and casting according to the chemical compositions shown in Table 1-1 and Table 1-2: The molten steel
obtained after smelting was subjected to vacuum degassing treatment and then continuously cast to obtain a
continuously cast blank.

(2) Heating of the cast blank: The continuously cast blank obtained was heated with the heating temperature being
controlled to be 1180-1260°C.

(3) Hotrolling: The heated cast blank was first rough-rolled into an intermediate blank, and then the intermediate blank
was subjected to finish rolling, wherein the rough rolling temperature was controlled to be 900°C or higher; the start
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temperature of the finish rolling was 900-1050°C; and the final temperature of the finish rolling was 860-940°C.
(4) Laminar cooling: Laminar water cooling was performed, and the cooling rate was controlled to be 10-30°C/s to cool
the steel plate to the coiling temperature.

(5) Coiling: The coiling temperature was controlled to be 600-680°C, and then the coil was air cooled to room
temperature.

(6) Pickling: The mill scale on the surface of the steel plate was removed.

(7) Cold rolling: The cold rolling reduction rate was controlled to be 70-95%.

(8) Annealing: Annealing was performed by continuous annealing or bell-type annealing. When continuous annealing
was utilized, the annealing temperature was controlled at 770-830°C; when bell-type annealing was utilized, the
annealing temperature was controlled at 690-740°C.

[0059] It should be noted that, in the present disclosure, the chemical compositions and the related processes for the
ultra-low carbon cold-rolled high-strength steel plates of Examples 1-8 designed by the inventors all meet the require-
ments of the design specification of the present disclosure. Although the comparative steel plates of Comparative
Examples 1-2 were also prepared using the above steps (1)-(8), they all involve parameters in their chemical compositions
and/or the related processes that do not meet the requirements of the design of the present disclosure.

[0060] Table 1-1 and Table 1-2 list the mass percentages of the chemical elements in the ultra-low carbon cold-rolled
high-strength steel plates of Examples 1-8 and the comparative steel plates of Comparative Examples 1-2.

Table 1-1. (wt%, the balance being Fe and unavoidable impurities)

Chemical Elements
No- C Si Mn P S Al Cu Ti Mo Nb N B
Ex. 1 0.003 | 0.045 | 0.26 | 0.04 | 0.01 | 0.025 | 0.03 | 0.06 | 0.05 - 0.006 -
Ex. 2 0.01 0.03 | 055 | 0.05 | 0.03 | 0.01 0.04 | 0.11 | 0.02 - 0.007 | 0.0015
Ex. 3 0.008 | 0.02 | 0.39 | 0.055 | 0.02 | 0.045 | 0.02 | 0.08 | 0.06 | 0.06 | 0.005 | 0.0006
Ex. 4 0.006 | 0.01 | 042 | 0.08 | 0.035 | 0.05 | 0.04 | 0.12 | 0.1 - 0.012 -
Ex.5 0.007 | 0.03 | 0.98 | 0.07 | 0.025 | 0.038 | 0.08 | 0.09 | 0.05 | 0.02 | 0.005 -
Ex. 6 0.002 | 0.035 | 0.66 | 0.046 | 0.015 | 0.032 | 0.065 | 0.05 | 0.04 | 0.045 | 0.004 | 0.003
Ex. 7 0.005 | 0.026 | 0.62 | 0.06 | 0.02 | 0.039 | 0.05 | 0.08 | 0.03 - 0.008 -
Ex. 8 0.004 | 0.04 | 0.78 | 0.045 | 0.036 | 0.027 | 0.038 | 0.1 | 0.045 - 0.006 -
Comp. Ex.1 | 0.007 | 0.02 | 025 | 0.04 | 0.03 | 0.028 | 0.02 | 0.1 0.02 - 0.007 -
Comp.Ex.2 | 0.01 | 0.015 | 0.36 | 0.04 | 0.01 | 0.015 | 0.06 | 0.05 | 0.05 - 0.009 -
Table 1-2.
No. M* N*
Ex. 1 0.0126 0.015
Ex. 2 0.0012 0.012
Ex. 3 0.001 0.0267
Ex. 4 0.0027 0.05
Ex. 5 0.0075 0.0525
Ex. 6 0.0059 0.028
Ex. 7 0.0028 0.0204
Ex. 8 0.0096 0.037
Comp. Ex. 1 0.0032 0.0058
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(continued)

No.

M*

N*

Comp. Ex. 2

-0.0356

0.02

tage symbol of the mass percentage of that element.

Note: In the above table, the formula for calculating M* is "M*=Ti-SX1.5-Nx3.4-CXx4", and the formula for calculat-
ing N* is "N*=(Mn+P)XMo". In the above two formulas, each element represents the value in front of the percen-

[0061] Table 2 lists the specific process parameters in steps (1)-(8) of the above-mentioned method for manufacturing
the ultra-low carbon cold-rolled high-strength steel plates of Examples 1-8 and the comparative steel plates of Com-

parative Examples 1-2.
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[0062] In order to further demonstrate the performances of the ultra-low carbon cold-rolled high-strength steel plates
applicable to electrostatic dry powder enameling in Examples 1-8 according to the present disclosure and the comparative
steel plates in Comparative Examples 1-2 after enameling, the inventors sampled the finished ultra-low carbon cold-rolled
high-strength steel plates of Examples 1-8 and the comparative steel plates of Comparative Examples 1-2 obtained by the
above process steps, and subjected them to enameling treatment.

[0063] The enameling treatmentincluded performing double-side electrostatic dry powder enameling treatment on the
sample steel plates of the Examples and Comparative Examples, wherein TR1042 enamel produced by Ferro Corporation
was used, and the enamel firing temperature was controlled to be 840-870°C which was held for 5 minutes, followed by air
cooling to obtain the enameled steel plates. In the present disclosure, the ultra-low carbon cold-rolled high-strength steel
plates of Examples 1-8 and the comparative steel plates of Comparative Examples 1-2 could provide the corresponding
enameled steel plates after the enameling treatment.

[0064] After completing the above operations, the enameled steel plates of Examples 1-8 and Comparative Examples
1-2 that had been enameled were observed and tested. That is, the surface quality of the enameled steel plates was
observed after standing for 48 hours; a drop hammer test was used to verify and rate the adhesion between the steel plate
and the enamel; and a tensile test was used to determine the room-temperature tensile performances of the steel plates of
the Examples and Comparative Examples before and after enamel firing.

[0065] The relevant performance test methods and means are as follows:

(1) Tensile test: The tensile test was carried out in accordance with GB/T 228.1-2010 "Metallic materials: tensile test
method atroom temperature". The test was performed using a SCL233 ambient temperature tensile testing machine.
The drawing speed was controlled to be 3 mm/min, and the tensile specimen was a JIS5 tensile specimen. The yield
strength, tensile strength and elongation of each of the Examples and Comparative Examples were obtained by
testing.

It should be noted that, to carry out the above-mentioned tensile test, two test groups were designed, in which one
group of plates were the enameled steel plates obtained by enamel firing the steel plates of Examples 1-8 and
Comparative Examples 1-2, and the other group of plates were the as-prepared finished products of the ultra-low
carbon cold-rolled high-strength steel plates of Examples 1-8 according to the present disclosure and the comparative
steel plates of Comparative Examples 1-2. By means of these two test groups, the room-temperature tensile
performances of the steel plates of the Examples and Comparative Examples before and after enamel firing were
measured.

(2) Drop hammer test and adhesion rating: Following the drop hammer test method described in European Standard
BS EN 10209-1996, the enameled steel plates obtained by enamel firing the steel plates of Examples 1-8 and
Comparative Examples 1-2 were tested and rated for their adhesion performance using a corresponding drop
hammer test apparatus.

[0066] Table 3 lists the test results of the mechanical performances of the plates of Examples 1-8 and Comparative

Examples 1-2 before enameling treatment, as well as the enamel performances and mechanical performances of the
enameled steel plates obtained by enameling treatment of the steel plates of the Examples and Comparative Examples.

11
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[0067] Asshown in Table 3 above, in the present disclosure, the as-prepared ultra-low carbon cold-rolled high-strength
steel plates of Examples 1-8 had a yield strength of 223-246 MPa, a tensile strength of 418-449 MPa, and an elongation As
of 34-38%. After high-temperature enamel firing, the ultra-low carbon cold-rolled high-strength steel plates of Examples
1-8 still exhibited excellent mechanical performances, having a drop in yield strength of 3.04-6.38%, and a yield strength of
at least 200 MPa, and in the range of 212-230 MPa.

[0068] Accordingly, after standing for 48 hours, the enamel surfaces of the enameled steel plates of Examples 1-8 were
all observed to be free of fish-scaling, pinhole and bubble defects on the surface. In addition, after the enameled steel
plates prepared using the corresponding steel plates of Examples 1-8 were subjected to the drop hammer testaccording to
European Standard BS EN 10209:2013, it was found that the adhesion between the steel plate and the porcelain layerwas
excellent, reaching grade A1.

[0069] However, the performances of the comparative steel plates of Comparative Examples 1-2 were significantly
inferior to those of the ultra-low carbon cold-rolled high-strength steel plates of Examples 1-8. The composition of the
comparative steel of Comparative Example 1 didn’t meet the requirement of the N* value designed according to the
present disclosure. Its yield strength was relatively low both before and after enamel firing. The yield strength before
enamel firing was 183 MPa, and after enameling and high-temperature firing, it decreased by 12.57% to 160 MPa.
Meanwhile, the composition of the steel of Comparative Example 2 didn’t meet the requirement of the M* value designed
according to the present disclosure, and the quality of the enamel surface thereof was poor, as evidenced by the presence
of a large number of pinhole and bubble defects (>200/m2).

[0070] FIG. 1 is a photograph showing the metallographic structure of the ultra-low carbon cold-rolled high-strength
steel of Example 1.

[0071] As shown in FIG. 1, in this embodiment, the metallographic structure of the ultra-low carbon cold-rolled high-
strength steel of Example 1 was a ferrite structure having the structural characteristics of IF steel, and the grain size of the
ferrite was evaluated as grade 10 according to Standard GB/T 6394-2017.

[0072] FIG. 2is a photograph showing the precipitation phase of the ultra-low carbon cold-rolled high-strength steel of
Example 1.

[0073] The morphology and distribution of the precipitation phases in the matrix of the ultra-low carbon cold-rolled high-
strength steel of Example 1 can be seen from FIG. 2. As shown in FIG. 2, in this embodiment, a large number of fine,
dispersive precipitation phases such as TiC, Ti(C, N), Nb(C, N) and the like were present in the ultra-low carbon cold-rolled
high-strength steel of Example 1, and they were distributed in the steel matrix.

[0074] It should be noted that the combinations of the various technical features in this case are not limited to the
combinations recited in the claims of this case or the combinations described in the specific examples. All technical
features recorded in this case can be freely combined or linked in any way unless there is a contradiction between them.
[0075] It should also be noted that the examples listed above are only specific embodiments of the present disclosure.
Obviously, the present disclosure is not limited to the above examples, and changes or modifications made thereto can be
directly derived from the contents disclosed herein or readily conceivable to those skilled in the art, and all of the changes
and modifications shall fall within the protection scope of the present disclosure.

Claims

1. An ultra-low carbon cold-rolled high-strength steel applicable to electrostatic dry powder enameling, comprising Fe
and unavoidable impurity elements, as well as the following chemical elements in mass percentage:

C: 0.002-0.010%, Si<0.05%, Mn: 0.25-1.0%, P: 0.04-0.08%, S: 0.01-0.04%; Al: 0.01-0.05%, Cu:

0.02-0.08%, Ti: 0.05-0.12%, Mo: 0.02-0.10%, N: 0.004-0.012%;

wherein the chemical elements satisfy at least one of the following formulas:

M*>0, where M*=Ti-SX1.5-Nx3.4-Cx4>0;

N*>0.012, where N*=(Mn+P)XxMo;

wherein each chemical element in the formulas represents a value in front of a percentage symbol of the mass
percentage of said chemical element.

2. The ultra-low carbon cold-rolled high-strength steel according to claim 1, wherein the chemical elements have the
following mass percentages:

C: 0.002-0.010%, Si<0.05%, Mn: 0.25-1.0%, P: 0.04-0.08%, S: 0.01-0.04%; Al: 0.01-0.05%, Cu:

0.02-0.08%, Ti: 0.05-0.12%, Mo: 0.02-0.10%, N: 0.004-0.012%; preferably Si: 0.01%-0.045%; and a balance of
Fe and unavoidable impurity elements;

wherein the chemical elements satisfy at least one of the following formulas:
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M*>0, where M*=Ti-SXx1.5-Nx3.4-CxX4>0;

N*>0.012, where N*=(Mn+P)XxMo;

wherein each chemical element in the formulas represents a value in front of a percentage symbol of the mass
percentage of said chemical element.

The ultra-low carbon cold-rolled high-strength steel according to claim 1 or 2, wherein the steel further comprises at
least one of the following chemical elements: B: 0.0006-0.003%; Nb: 0.02-0.06%.

The ultra-low carbon cold-rolled high-strength steel according to claim 1 or 2, wherein the steel has a microstructure
that is exclusively ferrite.

The ultra-low carbon cold-rolled high-strength steel according to claim 4, wherein the ferrite has a grain size of grade
9-11.

The ultra-low carbon cold-rolled high-strength steel according to claim 1 or 2, wherein the steel has a thickness of
0.7-3.5 mm.

The ultra-low carbon cold-rolled high-strength steel according to claim 1 or 2, wherein performances of the steel
satisfy: yield strength > 200MPa, tensile strength > 400MPa, elongation > 30%, and drop in yield strength < 10% after
high-temperature enamel firing at 840-870°C, preferably holding for 5 min in the high-temperature enamel firing.

The ultra-low carbon cold-rolled high-strength steel according to claim 7, wherein the performances of the steel
satisfy: yield strength > 220MPa, tensile strength > 410MPa, elongation
> 34%, and drop in yield strength < 6.5% after enamel firing by holding at 840-870°C for 5min.

The ultra-low carbon cold-rolled high-strength steel according to claim 1 or 2, wherein after enamel firing by holding at
840-870°C for 5min, performances of the steel satisfy: yield strength >210MPa, tensile strength >370MPa, elongation
>34%.

A manufacturing method for the ultra-low carbon cold-rolled high-strength steel according to any one of claims 1-9,
comprising the following steps:

(1) Smelting and casting;

(2) Heating of cast blank;

(3) Hot rolling;

(4) Laminar cooling: Controlling a cooling rate at 10-30°C/s to cool a steel plate to a coiling temperature;
(5) Coiling: Coiling at a temperature of 600-680°C, and then air cooling to room temperature;

(6) Pickling;

(7) Cold rolling;

(8) Annealing;

(9) Temper rolling.

The manufacturing method according to claim 10, wherein in step (2), a heating temperature is controlled to be
1180-1260°C.

The manufacturing method according to claim 10, wherein in step (3), a heated cast blank is first rough-rolled into an
intermediate blank, and then the intermediate blank is subjected to finish rolling, wherein a rough-rolling temperature
is controlled to be 900°C or higher, preferably 900-1080°C; a start temperature of the finish rolling is 900-1050°C; and
a final temperature of the finish rolling is 860-940°C.

The manufacturing method according to claim 10, wherein in step (7), a cold rolling reduction rate is controlled to be
70-95%.

The manufacturing method according to claim 8, wherein in step (8), continuous annealing is utilized, and an
annealing temperature is 770-830°C.

The manufacturing method according to claim 10, wherein in step (8), bell-type annealing is utilized, and an annealing
temperature is 690-740°C.

14



EP 4 524 279 A1

e m o

L

o o
3@“\1’»’" e
W

4 i o &
S e ‘ w,« “‘MM
iR o M i ; " e
e b W%@JF

0

i

LR

5;@ o
o A
R
“x% & :“\‘E«‘ o

¢
o e M "k& w;&
;“ww A e
e \V'W\i ’r xw ' w\‘

S ”W A W}u,, “‘” R

i

15



10

15

20

25

30

35

40

45

50

55

EP 4 524 279 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2023/092463

A. CLASSIFICATION OF SUBJECT MATTER
C22C38/02(2006.01)i; C22C38/04(2006.01)i; C22C38/06(2006.01)i; C22C38/16(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: C22C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CJFD, CNKI, USTXT, JPTXT, WOTXT, CNTXT, ENTXTC, WPABS, WPABSC: F IR AR AR, ERAL, Fhait,
HhiZ=ge, ZRHL, EE95, T, (&K, 5L, 99, 58, 7, £k, &, £, Al Cu, Mo, N, Ti, carbon 3d steel, cold 3d rol1???, aluminium,
copper, titanium, nitrogen, molybdenum

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2008214656 A (JFE STEEL K. K.) 18 September 2008 (2008-09-18) 1-15
description, paragraphs 10 and 13-24

X JP 2008214657 A (JFE STEEL K. K.) 18 September 2008 (2008-09-18) 1-15
description, paragraphs 11 and 13-25

A CN 113308647 A (BAOSHAN IRON & STEEL CO., LTD.) 27 August 2021 (2021-08-27) 1-15
entire document

A CN 102251192 A (BAOSHAN IRON & STEEL CO., LTD.) 23 November 2011 (2011-11-23) 1-15
entire document

DFurlhcr documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

g earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L”> document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) cognbmed.wnh one or more pther.such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious (o a person skilled in the art
means “&” document member of the same patent family

“p> document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
07 June 2023 21 August 2023

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/

CN)

China No. 6, Xitucheng Road, Jimengiao, Haidian District,

Beijing 100088

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)

16




10

15

20

25

30

35

40

45

50

55

EP 4 524

INTERNATIONAL SEARCH REPORT

Information on patent family members

279 A1

International application No.

PCT/CN2023/092463

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
JP 2008214656 A 18 September 2008 JP 4858231 B2 18 January 2012
JP 2008214657 A 18 September 2008 JP 4858232 B2 18 Janunary 2012
CN 113308647 A 27 August 2021 CN 113308647 B 28 June 2022
CN 102251192 A 23 November 2011 None

Form PCT/ISA/210 (patent family annex) (July 2022)

17




EP 4 524 279 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* CN 101356295 A [0011] * CN 106560523 A [0013]
e CN 105518174 A[0012]

18



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

