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Description
Technical Field

[0001] The present disclosure relates to a metallic material and a method of manufacturing the same, particularly to
an electro-galvanized ultra-high-strength dual-phase steel and a method of manufacturing the same.

Background Art

[0002] As weightreduction and safety of vehicles are required in the automotive industry, the market has an increasing
demand for higher-strength steel plates. Because dual-phase steel has excellent properties such as low yield strength,
high tensile strength and high initial work hardening rate, it is widely used in the production of automotive parts. At
present, strength grades of 80 kg and 100 kg are mainly demanded in the market. To meet the requirement of anti-
corrosion, galvanized steel plates are generally used in the automotive industry at present, but such steel plates have
a general problem of delayed cracking.

[0003] Delayed fracture refers to a phenomenon that a material under static stress suffers a sudden brittle failure after
a certain period of time. This phenomenon is a kind of embrittlement that occurs when the material interacts with the
environmental stress, and it is a form of material deterioration caused by hydrogen. The phenomenon of delayed fracture
is a major factor that hinders the application of ultra-high-strength steel, and it may be roughly classified into the following
two categories:

(1) delayed fracture mainly caused by hydrogen intruding from the external environment (external hydrogen), such
as bolts used in bridges and the like, which suffer delayed fracture due to long-term exposure to humid air, rain and
other surroundings;

(2) delayed fracture caused by hydrogen intruding into the steel during manufacturing processes such as pickling
and electroplating (internal hydrogen), such as electroplated bolts and the like which suffer delayed fracture after a
short period of several hours or days after loading.

[0004] The former is generally caused by the intrusion of hydrogen generated by the corrosion reaction at a corrosion
pit where corrosion occurs during long-term exposure; while the latter is caused by the concentration of hydrogen in the
region of stress concentration under the action of stress wherein the hydrogen intrudes into the steel during manufacturing
processes such as pickling and electroplating.

[0005] Chinese Patent No. CN107148486B, published on January 8, 2019 and entitled "High-strength Steel Plate,
High-strength Hot-dip Galvanized Steel Plate, High-strength Hot-dip Aluminized Steel Plate, High-strength Electro-
galvanized Steel Plate, And Manufacturing Methods Therefor", discloses a method for manufacturing an electro-galva-
nized high-strength steel comprising chemical ingredients of: C: 0.030% or more and 0.250% or less, Si: 0.01% or more
and 3.00% or less, Mn: 2.60% or more and 4.20% or less, P: 0.001% or more and 0.100% or less, S: 0.0001% or more
and 0.0200% or less, N: 0.0005% or more and 0.0100% or less, Ti: 0.005% or more and 0.200% or less, and a balance
of Fe and unavoidable impurities. The slab is heated to 1100 °C or higher and 1300°C or lower, hot-rolled at a finish
rolling exit-side temperature of 750 °C or higher and 1000°C or lower, coiled at 300°C or higher and 750°C or lower,
and then descaled by pickling. The steel plate was held at a temperature ranging from the Ac1 transformation point +
20 °C to the Ac1 transformation point + 120 °C for 600 seconds or more and 21600 seconds or less, and cold rolled at
areduction rate of 30% or more. Then, the steel plate is held at a temperature ranging from the Ac1 transformation point
to the Ac1 transformation point + 100 °C for 20 seconds or more and 900 seconds or less, cooled, and then subjected
to electro-galvanization.

[0006] Chinese Patent No. CN106282790B, published on April 3, 2018 and entitled "Ultra-deep-drawing Cold-rolled
Steel Plate For Electro-galvanization And Method For Producing Same", discloses a method for manufacturing an ultra-
deep-drawing cold-rolled steel plate for electro-galvanization, wherein the steel plate comprises the following chemical
ingredients: C<0.002%, Si<0.030%, Mn: 0.06%-0.15%, P<0.015%, S<0.010%, Als: 0.030%-0.050%, Ti: 0.040-0.070%,
N<0.0040%, and a balance of Fe and unavoidable impurities. The method for producing the cold-rolled steel plate
includes the following steps: (1) molten steel pretreatment; (2) converter smelting; (3) alloy fine-tuning station; (4) RH
furnace refining; (5) continuous casting; (6) hot rolling; (7) cold rolling; (8) continuous annealing; (9) temper rolling. The
invention can improve the surface quality of the electro-galvanized steel plate and ensure that the electro-galvanized
steel plate has a good shape. The mechanical properties of the cold-rolled steel plate are as follows: the yield strength
is 120-180 MPa, and the tensile strength is higher than 260 MPa.

[0007] Chinese Patent Application No. CN1419607A, published on May 21, 2003 and entitled "High-strength Dual-
phase Thin Steel Plate And High-strength Dual-phase Electroplated Thin Steel Plate And Method For Manufacturing
Same" discloses a dual-phase steel plate having a tensile strength of 600-650MPa grade and a method for manufacturing
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the same, wherein the steel plate comprises the following chemical ingredients: 0.01-0.08% C, not more than 2% Si,
not more than 3.0% Mn, 0.01-0.5% V, V and C satisfying 0.5X C/12<V/51<3XC/12, and a balance of Fe and unavoidable
impurities. The steel plate is heated to 1250 °C and soaked, and then subjected to three-pass rolling on a finishing mill
at a conveying temperature of 900 °C, followed by a heat preservation treatment of 650 °C X 1 hour. Next, the thin steel
plate is cold-rolled at a reduction rate of 70 °C/s to obtain a cold-rolled thin steel plate having a thickness of 1.2 mm.
This is followed by recrystallization annealing at 850 °C for 60 seconds, cooling at a cooling rate of 30 °C/s, and then
electroplating.

[0008] As it can be seen, the tensile strength grades of the products involved in the above-mentioned prior art patent
documents are all less than 980 MPa, or the matrix is hot stamping steel. In view of the above, it's desirable to provide
an electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking in order to meet the requirements
in the industry.

Summary

[0009] One of the objects of the present disclosure is to provide an electro-galvanized ultra-high-strength dual-phase
steel that is resistant to delayed cracking. In view of the attribute of ultra-high-strength steel that it is prone to delayed
cracking, the composition of the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking
according to the presentdisclosure is designed reasonably. That is, by reasonably designing carbon, silicon, manganese
and micro-alloy elements such as niobium, vanadium, chromium, molybdenum and the like in coordination with the
process, the resulting steel has both excellent resistance to delayed cracking and ultra-high strength. The electro-
galvanized ultra-high-strength dual-phase steel resistant to delayed cracking has a yield strength of >550 MPa, a tensile
strength of 2980 MPa, an elongation after fracture of >12%, an initial hydrogen content of <3 ppm, preferably <2 ppm,
and it does not experience delayed cracking when it is soaked in 1 mol/L hydrochloric acid for 300 hours under a pre-
stress of greater than or equal to the tensile strength. In a preferred embodiment, the electro-galvanized ultra-high-
strength dual-phase steel resistant to delayed cracking does not experience delayed cracking when it is soaked in 1
mol/L hydrochloric acid for 300 hours under a pre-stress of 1.2 times the tensile strength. The excellent performances
of the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking can meet the industrial re-
quirements, and be used for manufacture of automotive safety structural parts. It is highly valuable and promising for
popularization and application.

[0010] In order to achieve the above object, the present disclosure provides an electro-galvanized ultra-high-strength
dual-phase steel resistant to delayed cracking, having a matrix structure of ferrite+tempered martensite, wherein the
electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking comprises the following chemical
elements in mass percentages, in addition to Fe:

C:0.07-0.1%, Si: 0.05-0.3%, Mn: 2.0-2.6%, Cr: 0.2-0.6%, Mo: 0.1-0.25%, Al: 0.02-0.05%, Nb: 0.02-0.04%, V: 0.06-0.2%.
[0011] Further, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure, the mass percentages of the chemical elements are:

C:0.07-0.1%, Si: 0.05-0.3%, Mn: 2.0-2.6%, Cr: 0.2-0.6%, Mo: 0.1-0.25%, Al: 0.02-0.05%, Nb: 0.02-0.04%, V: 0.06-0.2%,
and a balance of Fe and other unavoidable impurities.

[0012] In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking of the present dis-
closure, the chemical elements are designed according to the following principles:

C: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the
present disclosure, C is a solid solution strengthening element, and it is a guarantee for the material to obtain high
strength. However, it should be noted that the higher the C content in the steel, the harder the martensite and the
greater the tendency for delayed cracking to occur. Therefore, when a product is designed, it's better to choose a
low-carbon design. In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking ac-
cording to the present disclosure, the mass percentage of C is controlled at 0.07-0.1%.

Si and Al: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to
the present disclosure, the Si and Al elements can improve the tempering resistance of martensite, and can inhibit
precipitation and growth of Fe;C, so that the dominated precipitates formed during tempering are ¢ carbides. In
addition, it should be noted that Al is also a deoxygenating element, and it has the function of deoxygenation in the
steel. Therefore, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking accord-
ing to the present disclosure, the mass percentage of Si is controlled at 0.05-0.3%, and the mass percentage of Al
is controlled at 0.02-0.05%.

Mn: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the
present disclosure, Mn is an element that strongly improves the hardenability of austenite, and it can improve the
strength of the steel effectively by forming more martensite. Therefore, in the electro-galvanized ultra-high-strength
dual-phase steel resistant to delayed cracking according to the present disclosure, the mass percentage of Mn is
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controlled at 2.0-2.6%.

Cr: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the
present disclosure, Cr can improve the tempering resistance of martensite effectively, which is very conducive to
improvement of delayed cracking. The mass percentage of Cr in the electro-galvanized ultra-high-strength dual-
phase steel resistant to delayed cracking according to the present disclosure is controlled at 0.2-0.6%.

Mo: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the
present disclosure, addition of an appropriate amount of the Mo element can help to form dispersively distributed
fine precipitates, which is conducive to gathering of dispersed hydrogen. The Mo element can form a large quantity
of MoC precipitates in the steel, which is conducive to gathering of dispersed hydrogen in local areas, and thus very
helpful to reduce delayed cracking of the steel. Therefore, in the electro-galvanized ultra-high-strength dual-phase
steel resistant to delayed cracking according to the present disclosure, the mass percentage of Mo is controlled at
0.1-0.25%.

Nb: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the
present disclosure, the Nb element is an element for precipitation of carbonitrides. It can refine grains, precipitate
carbonitrides, and increase material strength. At the same time, the coherent micro-alloy precipitates are conducive
to gathering of dispersed hydrogen, which helps to reduce delayed cracking. Therefore, in the electro-galvanized
ultra-high-strength dual-phase steel resistant to delayed cracking according to the present disclosure, the mass
percentage of Nb is controlled at 0.02-0.04%.

V: In the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the
present disclosure, V may play a role in refining grains. At the same time, the coherent micro-alloy precipitates are
conducive to gathering of dispersed hydrogen. Therefore, in the electro-galvanized ultra-high-strength dual-phase
steel resistant to delayed cracking according to the present disclosure, the mass percentage of V is controlled at
0.06-0.2%.

[0013] Further, the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to
the present disclosure further comprises 0.0015-0.003% of element B.

[0014] In the technical solution according to the present disclosure, the electro-galvanized ultra-high-strength dual-
phase steel resistant to delayed cracking according to the present disclosure may also comprise a small amount of
element B. B is used as a strong element for hardenability. An appropriate amount of B can increase the hardenability
of the steel, and promote formation of martensite.

[0015] Further, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure, the unavoidable impurities include the P, S and N elements, and the contents thereof are
controlled to be at least one of the following: P <0.012%, S<0.003%, N<0.005%.

[0016] Intheabovetechnicalsolution, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed
cracking according to the present disclosure, P, S and N are all unavoidable impurity elements in the steel. It's better to
lower the contents of the P, S and N elements in the steel as far as possible. S tends to form MnS inclusions which will
seriously affect the hole expansion rate. The P element may reduce the toughness of the steel, which is not conducive
to the delayed cracking performance. An unduly high content of the N element in the steel is prone to causing cracks
on the surface of the slab, which will greatly affect the performances of the steel. Therefore, in the electro-galvanized
ultra-high-strength dual-phase steel resistant to delayed cracking according to the present disclosure, the mass per-
centage of P is controlled at P<0.012%; the mass percentage of S is controlled at S<0.003%; and the mass percentage
of N is controlled at N<0.005%.

[0017] Further, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure, the phase proportion (by volume) of the tempered martensite is >50%.

[0018] Further, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure, a large quantity of fine carbide particles are precipitated dispersively in the matrix structure.
The carbide particles include MoC, VC, Nb (C, N), and the carbide particles are all distributed in the matrix structure in
a coherent form.

[0019] Further, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure, the carbide particles have a size of <60 nm.

[0020] Further, in the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure, the tempered martensite further comprises coherently distributed ¢ carbides.

[0021] Further, the performances of the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed
cracking according to the present disclosure meet at least one of the following: yield strength >550 MPa, tensile strength
>980 MPa, elongation after fracture >12%, initial hydrogen content <3 ppm; no delayed cracking when soaked in 1 mol/L
hydrochloric acid for 300 hours under a pre-stress of greater than or equal to the tensile strength.

[0022] Further, the performances of the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed
cracking according to the present disclosure meet the following: yield strength >550 MPa, tensile strength >980 MPa,
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elongation after fracture >12%, initial hydrogen content <3 ppm; no delayed cracking when soaked in 1 mol/L hydrochloric
acid for 300 hours under a pre-stress of greater than or equal to the tensile strength.

[0023] Further, the yield ratio of the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed crack-
ing according to the present disclosure is in the range of 0.55-0.70.

[0024] Accordingly, another object of the present disclosure is to provide a method for manufacturing an electro-
galvanized ultra-high-strength dual-phase steel resistant to delayed cracking. The electro-galvanized ultra-high-strength
dual-phase steel resistant to delayed cracking manufactured by this method has a yield strength of >550 MPa, a tensile
strength of >980MPa, an elongation after fracture of >12%, an initial hydrogen content of <3ppm, preferably <2ppm, and
it does not experience delayed cracking when it is soaked in 1 mol/L hydrochloric acid for 300 hours under a pre-stress
of greater than or equal to the tensile strength.

[0025] In order to achieve the above object, the present disclosure provides a method for manufacturing the above
electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking, comprising steps:

(1) Smelting and continuous casting;

(2) Hot rolling;

(3) Cold rolling;

(4) Annealing: heating to an annealing soaking temperature of 780-820 °C, preferably 790-810 °C at a heating rate
of 3-10 °C/s, the annealing time being 40-200 s, preferably 40-160 s; and then rapidly cooling at a rate of 30-80
°Cls, preferably 35-80 °C/s, a starting temperature of the rapid cooling being 650-730 °C;

(5) Tempering: tempering temperature: 200-280 °C, preferably 210-270 °C; tempering time: 100-400 s, preferably
120-300 s;

(6) Temper rolling;

(7) Electroplating.

[0026] Inthe method for manufacturing the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed
cracking according to the present disclosure, during heating in the continuous annealing, a medium to low temperature
tempering treatment is utilized to control the relevant process parameters. This not only helps to reduce the hardness
of martensite, but can also effectively avoid precipitation of coarse-grained martensite, which is very beneficial to the
delayed cracking performance of the steel.

[0027] Further, in the manufacturing method according to the present disclosure, in step (1), a drawing speed in the
continuous casting is controlled at 0.9-1.5 m/min.

[0028] In the above technical solution, in the manufacturing method according to the present disclosure, in step (1),
the continuous casting may be performed in a secondary cooling mode with a large amount of water.

[0029] Further, in the manufacturing method according to the present disclosure, in step (2), the cast slab is controlled
to be soaked at a temperature of 1200-1260 °C, preferably 1210-1245 °C; then rolled with a finishing rolling temperature
being controlled at 840-900 °C; then cooled at a rate of 20-70 °C/s after rolling; then coiled at a coiling temperature of
580-630 °C; and then subjected to heat preservation treatment or slow cooling treatment after coiling. Preferably, the
heat preservation treatment is performed for 1-5 hours, or the slow cooling treatment is performed at a cooling rate of
3-5 °Cls.

[0030] Inthe method for manufacturing the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed
cracking according to the present disclosure, in step (2), in order to ensure the stability of the rolling load, the heating
temperature is controlled at 1200 °C or higher. Meanwhile, the upper limit of the heating temperature is controlled to be
1260 °C in order to prevent increase of oxidative burning loss. Therefore, the cast slab is finally controlled to be soaked
at a temperature of 1200-1260 °C.

[0031] In addition, it should be noted that, in step (2), the heat preservation after hot-rolling and coiling or the slow
cooling after coiling is conducive to full precipitation of dispersive precipitates. Various types of dispersively distributed
precipitates are conducive to adsorption of a small amount of hydrogen and dispersive distribution of hydrogen, thereby
avoiding gathering of hydrogen. This helps to resist delayed cracking.

[0032] Further, in the manufacturing method according to the present disclosure, in step (3), the cold rolling reduction
rate is controlled at 45-65%.

[0033] In the above technical solution, in step (3), the cold rolling reduction rate is controlled at 45-65%. Before the
cold rolling, the iron oxide scale on the surface of the steel plate can be removed by pickling.

[0034] Further,in the manufacturing method according to the presentdisclosure, in step (6), the temper rolling reduction
rate is controlled at <0.3%.

[0035] Inthe above technical solution according to the present disclosure, in step (6), in order to guarantee the flatness
of the steel plate, a certain amount of temper rolling needs to be performed, but an excessively large amount of temper
rolling will increase the yield strength of the steel too much. Therefore, in the manufacturing method according to the
present disclosure, the temper rolling reduction rate is controlled at <0.3%.
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[0036] Inthe above technical solution according to the present disclosure, step (7) may be performed by a conventional
electro-galvanizing method. Preferably, double-side plating is performed, and the weight of the plating layer on one side
is in the range of 10-100 g/m?2.

[0037] Compared with the prior art, the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed
cracking and the method of manufacturing the same according to the present disclosure have the following advantages
and beneficial effects:

The composition of the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according
to the present disclosure is designed reasonably. That is, by reasonably designing carbon, silicon, manganese and
micro-alloy elements such as niobium, vanadium, chromium, molybdenum and the like in coordination with the process,
the resulting steel has both excellent resistance to delayed cracking and ultra-high strength. The electro-galvanized
ultra-high-strength dual-phase steel resistant to delayed cracking has a yield strength of >550 MPa, a tensile strength
of 2980 MPa, an elongation after fracture of >12%, an initial hydrogen content of <3 ppm, and delayed cracking does
not occur when it is soaked in 1 mol/L hydrochloric acid for 300 hours under a pre-stress of greater than or equal to the
tensile strength. The excellent performances of the electro-galvanized ultra-high-strength dual-phase steel resistant to
delayed cracking can meet the industrial requirements, suitable for manufacture of automotive safety structural parts.
It is highly valuable and promising for popularization and application.

[0038] Due tothe reasonable composition design and the continuous casting process utilized for the electro-galvanized
ultra-high-strength dual-phase steel resistant to delayed cracking according to the present disclosure, the interior of the
steel plate, especially the surface layer, is free of TiN, which is conducive to reducing gathering of hydrogen in the interior
of the steel plate and improving the delayed cracking performance of the steel.

[0039] In the manufacturing method according to the present disclosure, a combination of high temperature soaking
and medium temperature tempering is adopted. During the continuous annealing heating, the high temperature soaking
gives rise to more austenite transformation, and thus more martensite is obtained during the subsequent rapid cooling,
which finally guarantees higher strength before tempering. By adopting medium to low temperature tempering treatment
and controlling relevant process parameters, not only reduction of the hardness of martensite is favored, but precipitation
of coarse-grained martensite is also avoided effectively, so that the yield ratio of the material is moderate, and on the
other hand, the delayed cracking performance of the steel is greatly favored. During tempering, if the tempering tem-
perature used is too low, it is not conducive to reducing the hardness of martensite; if the tempering temperature is too
high, martensite will decompose, and the final strength will be lower than 980 MPa. The use of high temperature soaking
and medium temperature tempering in combination according to the present disclosure effectively ensures that the
prepared electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking has the characteristics
of excellent delayed-cracking resistance and low initial hydrogen content.

Detailed Description

[0040] The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking and the method for
manufacturing the same according to the present disclosure will be further explained and illustrated with reference to
the specific Examples. Nonetheless, the explanation and illustration are not intended to unduly limit the technical solution
of the present disclosure.

Examples 1-6 and Comparative Examples 1-14
[0041] Table 1 lists the mass percentages of various chemical elements in the steel grades corresponding to the

electro-galvanized ultra-high-strength dual-phase steels resistant to delayed cracking in Examples 1-6 and the steels
in Comparative Examples 1-14.
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[0042] The electro-galvanized ultra-high-strength dual-phase steels resistant to delayed cracking in Examples 1-6
according to the presentdisclosure and the steels in Comparative Examples 1-14 were all prepared by the following steps:

(1) Smelting and continuous casting: The drawing speed in the continuous casting was controlled to be 0.9-1.5
m/min during the continuous casting process, and the continuous casting was carried out in a secondary cooling
mode with a large amount of water;

(2) Hot rolling: The cast slab was soaked at a temperature controlled at 1200-1260 °C, and then rolled, wherein the
finishing rolling temperature was controlled at 840-900 °C. After rolling, the steel was cooled at a rate of 20-70 °C/s.
Then, the steel was coiled at a coiling temperature of 580-630°C. After coiling, an insulation cover was used to hold
the temperature for 1-5 hours;

(3) Cold rolling: The cold rolling reduction rate was controlled at 45-65%.

(4) Annealing: The temperature was raised to the annealing soaking temperature of 780-820 °C at a heating rate
of 3-10 °C/s, wherein the annealing time was 40-200 s. Then, rapid cooling was performed at a rate of 30-80 °C/s,
wherein the starting temperature of the rapid cooling was 650-730 °C;

(5) Tempering: The tempering temperature was 200-280 °C, and the tempering time was 100-400 s;

(6) Temper rolling: The temper rolling reduction rate was controlled at <0.3%;

(7) Double-side electro-galvanization: The weight of the plating layer on each side was 10-100 g/m2.

[0043] It should be noted that the chemical compositions of the electro-galvanized ultra-high-strength dual-phase steel
resistant to delayed cracking in Examples 1-6 and the related process parameters all met the control requirements of
the design specification according to the present disclosure. The chemical compositions of the steels in Comparative
Examples 1-6 all included parameters that failed to meet the requirements of the design according to the present
disclosure. Although the chemical composition of steel grade M in Comparative Examples 7-14 met the requirements
of the design according to the present disclosure, the related process parameters all included parameters that failed to
meet the requirements of the design according to the present disclosure.

[0044] Tables 2-1 and 2-2 list the specific process parameters for the electro-galvanized ultra-high-strength dual-
phase steels resistant to delayed cracking in Examples 1-6 and the steels in Comparative Examples 1-14.

Table 2-1
Step (1) Step (2) Step (3)
No Steel | Drawing speed in Soaking F|n|s.h|ng Cooling Coiling Coldrolling
: rade - rolling .
g continuous temperature temberature rate temperature | reduction
casting (m/min) (°C) r()"C) (°Cls) (°C) rate (%)

Ex. 1 A 0.9 1230 885 35 585 50
Ex. 2 B 1.1 1240 860 30 595 60
Ex. 3 c 15 1220 890 65 605 65
Ex. 4 D 13 1215 875 40 625 55
Ex. 5 E 1.1 1224 880 35 615 48
Ex. 6 F 15 1230 890 60 600 58
Comp. G 14 1235 895 60 595 50
Ex. 1
Comp. H 12 1200 875 65 620 64
Ex. 2
Comp. | 15 1210 855 70 625 49
Ex. 3
Comp. J 0.9 1255 845 55 590 52
Ex. 4
Comp. K 14 1250 880 45 615 62
Ex. 5
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(continued)
Step (1) Step (2) Step (3)
Steel | Drawing speed in Soaking F|n|s.h|ng Cooling Coiling Coldrolling
No. rolling
grade continuous temperature temperature rate temperature reduction
casting (m/min) (°C) r()OC) (°Cls) (°C) rate (%)
Comp. L 1.0 1225 870 65 620 55
Ex. 6
Comp. | 0.9 1185 905 30 590 62
Ex.7 L
Comp. | 1.1 1265 900 35 610 50
Ex. 8 10
Comp. | 0.9 1245 855 60 550 55
Ex. 9 —
Comp. | ) 15 1220 865 40 660 65
Ex. 10 560
Comp. | ) 1.0 1225 895 55 600 56
Ex. 11
Comp. | ) 15 1230 875 45 610 61
Ex. 12
Comp. | ) 1.3 1245 855 60 625 52
Ex. 13
Comp. | ) 1.2 1230 890 45 595 60
Ex. 14
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[0045] A variety of performance tests were performed on the electro-galvanized ultra-high-strength dual-phase steels
resistant to delayed cracking in Examples 1-6 and the steels in Comparative Examples 1-14. The test results obtained
are listed in Table 3.

[0046] Table 3 lists the performance test results for the electro-galvanized ultra-high-strength dual-phase steels re-
sistant to delayed cracking in Examples 1-6 and the steels in Comparative Examples 1-14. As to the performance test
method, GB/T 13239-2006 Metallic Materials - Tensile Testing At Low Temperature was referred to. A standard sample
was prepared, and subjected to static stretching on a tensile testing machine to obtain a corresponding stress-strain
curve. After data processing, the parameters of yield strength, tensile strength and elongation after fracture were obtained
finally.

[0047] Method for measurement of hydrogen content: The sample was heated to a certain temperature, and a hydrogen
analyzer was used to measure the concentration of hydrogen released along with the change (rise) of the temperature,
thereby judging the initial hydrogen content in the steel.

Table 3
. . . Initial
Yield Tensile Elongation Stress Stress Stress Stress
hydrogen
No. strength strength after fracture level level level level content
(MPa) (MPa) (%) 0.6*TS 08*TS | LOTS | 1.2*TS
(ppm)
Ex. 1 575 988 16.4 o o o o 0.7
Ex. 2 602 1001 15.8 o o o o 1.0
Ex. 3 628 1015 15.1 o o o o 0.6
Ex. 4 655 1028 13.9 o o o o 2.0
Ex.5 684 1032 13.1 o o o o 2.0
Ex. 6 703 1044 1256 o o o o 15
Comp. 477 865 20.6 o o o o 0.6
Ex. 1
Comp. 745 1088 0.8 o o X X 1.9
Ex. 2
Comp. 465 884 21.2 o o o o 05
Ex. 3
Comp. 753 1091 102 o o X X 1.8
Ex. 4
Comp. 625 1008 13.9 o o X X 15
Ex. 5
Comp. 616 996 142 o o X X 1.0
Ex. 6
Comp. 594 965 16.6 o o o o 0.9
Ex. 7
Comp. 749 1079 108 o o o X 1.8
Ex. 8
Comp. 762 1085 104 o o o X 2.0
Ex. 9
Comp. 599 975 16.7 o o o o 0.9
Ex. 10
Comp. 518 924 196 o o o o 0.6
Ex. 11
Comp. 805 1127 78 o o o X 35
Ex. 12

12
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(continued)
. . . Initial
Yield Tensile Elongation Stress Stress Stress Stress
hydrogen
No. strength strength after fracture level level level level content
(MPa) (MPa) (%) 0.6*TS 0.8*TS LOTS 1.2*TS
(ppm)
comp- | 623 969 16.5 o o o o 0.8
Ex. 13
comp. | 745 1065 12.8 o o o X 17
Ex. 14
Note: The results of soaking the steel plates in 1 mol/L hydrochloric acid for 300 hours under a certain internal stress
level: O represents no cracking, X represents cracking.

[0048] As it can be seen from Table 3, each Example according to the present disclosure had a yield strength of >
550 MPa, a tensile strength of > 980 MPa, an elongation after fracture of > 12%, and an initial hydrogen content of <3
ppm. The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking in each Example had an
ultra-high strength and a delayed cracking performance that was significantly better than that of a comparative steel
grade of the same level. No delayed cracking occurred when the steel plate was soaked in 1 mol/L hydrochloric acid for
300 hours under a pre-stress of greater than or equal to the tensile strength. The excellent performances of the electro-
galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to the present disclosure can
meet the industrial requirements, suitable for manufacture of automotive safety structural parts. It is highly valuable and
promising for popularization and application.

[0049] It's to be noted that the prior art portions in the protection scope of the present disclosure are not limited to the
examples set forth in the present application file. All the prior art contents not contradictory to the technical solution of
the present disclosure, including but not limited to prior patent literature, prior publications, prior public uses and the like,
may all be incorporated into the protection scope of the present disclosure. In addition, the ways in which the various
technical features of the present disclosure are combined are not limited to the ways recited in the claims of the present
disclosure or the ways described in the specific examples. All the technical features recited in the present disclosure
may be combined or integrated freely in any manner, unless contradictions are resulted.

[0050] It should also be noted that the Examples set forth above are only specific examples according to the present
disclosure. Obviously, the present disclosure is not limited to the above Examples. Similar variations or modifications
made thereto can be directly derived or easily contemplated from the present disclosure by those skilled in the art. They
all fall in the protection scope of the present disclosure.

Claims

1. Anelectro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking, wherein the electro-galva-
nized ultra-high-strength dual-phase steel resistant to delayed cracking has a matrix structure of ferrite+tempered
martensite, and comprises the following chemical elements in mass percentages, in addition to Fe:

C: 0.07-0.1%, Si: 0.05-0.3%, Mn: 2.0-2.6%, Cr: 0.2-0.6%, Mo: 0.1-0.25%, Al: 0.02-0.05%, Nb: 0.02-0.04%, V:
0.06-0.2%.

2. The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 1,
wherein the chemical elements have the following mass percentages:
C: 0.07-0.1%, Si: 0.05-0.3%, Mn: 2.0-2.6%, Cr: 0.2-0.6%, Mo: 0.1-0.25%, Al: 0.02-0.05%, Nb: 0.02-0.04%, V:
0.06-0.2%, and a balance of Fe and other unavoidable impurities.

3. The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 1 or 2,
wherein it further comprises 0.0015-0.003% of element B.

4. The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 2,
wherein the unavoidable impurities include elements P, S and N, and contents thereof are controlled to be at least

one of the following: P <0.012%, S$<0.003%, N<_0.005%.

5. The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 1 or 2,

13
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wherein a phase proportion of the tempered martensite is >50%.

The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 1 or 2,
wherein dispersive fine carbide particles are precipitated in the matrix structure, wherein the carbide particles include
MoC, VC, Nb(C, N), and wherein the carbide particles are all distributed in the matrix structure in a coherent form.

The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 6,
wherein the carbide particles have a size of <60 nm.

The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 1 or 2,
wherein the tempered martensite further comprises coherently distributed ¢ carbide.

The electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking according to claim 1 or 2,
wherein its properties meet at least one of the following: yield strength >550 MPa, tensile strength >980 MPa,
elongation after fracture >12%, initial hydrogen content <3 ppm; no delayed cracking when soaked in 1 mol/L
hydrochloric acid for 300 hours under a pre-stress of greater than or equal to the tensile strength.

A manufacturing method for the electro-galvanized ultra-high-strength dual-phase steel resistant to delayed cracking
according to any one of claims 1-9, wherein the method comprises the following steps:

(1) Smelting and continuous casting;

(2) Hot rolling;

(3) Cold rolling;

(4) Annealing: heating to an annealing soaking temperature of 780-820 °C at a heating rate of 3-10 °C/s, an
annealing time being 40-200 s; and then rapidly cooling at a rate of 30-80 °C/s, a starting temperature of the
rapid cooling being 650-730 °C;

(5) Tempering: tempering temperature: 200-280 °C; tempering time: 100-400 s;

(6) Temper rolling;

(7) Electroplating.

The manufacturing method according to claim 10, wherein in the step (1), a drawing speed in the continuous casting
is controlled at 0.9-1.5 m/min during the continuous casting process.

The manufacturing method according to claim 10, wherein in step (2), a cast slab is controlled to be soaked at a
temperature of 1200-1260 °C; then rolled with a finishing rolling temperature being controlled at 840-900 °C; then
cooled at a rate of 20-70 °C/s after rolling; then coiled at a coiling temperature of 580-630 °C; and then subjected
to heat preservation treatment after coiling.

The manufacturing method according to claim 10, wherein in step (3), a cold rolling reduction rate is controlled at
45-65%.

The manufacturing method according to claim 10, wherein in step (6), a temper rolling reduction rate is controlled
at <0.3%.

The manufacturing method according to claim 10, wherein in step (2), a cast slab is controlled to be soaked at a
temperature of 1210-1245 °C; in step (4), heating at a heating rate of 3-10 °C/s is performed to achieve an annealing
soaking temperature of 790-810 °C, the annealing time being 40-160 s, and then rapid cooling is performed at a
rate of 35-80 °C/s, a starting temperature of the rapid cooling being 650-730 °C; in step (5), the tempering temperature
is 210-270 °C, and the tempering time is 120-300 s.

14
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