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(54) V-N MICROALLOYED STEEL AND METHOD FOR PRODUCING V-N MICROALLOYED AND 
SURFACE-CRACK-FREE CONTINUOUS CASTING BLANK

(57) Disclosed are a V-N microalloyed steel and a
method for producing a V-N microalloyed and sur-
face-crack-free continuous casting blank. The V-N micro-
alloyed steel is composed of the following chemical com-
ponents by mass percentage: 0.09%-0.13% of C,
0.1%-0.4% of Si, 1.0%-3.0% of Mn, less than or equal to
0.05% of P, less than or equal to 0.05% of S, 0.1%-0.4%
of V, 0.011%-0.2% of N and the balance of Fe and una-
voidable impurity elements. A continuous casting blank
is subjected to component control according to the chem-
ical components of the V-N microalloyed steel; and the
production method therefor comprises converter smelt-

ing, LF refining and continuous casting steps in se-
quence. According to the present invention, by means of
reasonable component design and smelting and contin-
uous casting processes, the thermoplasticity of the con-
tinuous casting blank is improved, so that a high-temper-
ature brittle region is prevented in a casting blank straight-
ening region of the continuous casting blank or the ther-
moplasticity is good enough such that no surface crack
appears, the casting blank is good in terms of surface
quality and does not need to be cleaned, and the pro-
duction efficiency is improved.
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Description

FIELD OF THE INVENTION

[0001] The present invention belongs to the field of continuous casting technology and specifically relates to a method
for producing V-N microalloyed and surface-crack-free continuous casting blank.

BACKGROUND OF THE INVENTION

[0002] Microalloyed steel is a kind of rapidly developing steel for engineering structures in nearly past half century. It
plays a role in fine-grain strengthening and precipitation strengthening by adding various alloy elements (Nb, V, Ti, etc.)
to the steel, thus improving the strength and toughness of the steel. It is widely used in various fields for example bridges,
buildings, ships, automobiles, high-pressure vessels, etc., and has good application prospects. It is the main product in
the modern steel industry. China has abundant reserves of microalloyed elements and has significant advantages in
developing microalloyed steel. Typical Q550 and Q460 grades low content alloy high-strength steel have good market
applications.
[0003] In the industrial production process, microalloying is widely used due to the strengthening effect of microalloying
elements. However, during the continuous casting process, the carbonitride precipitation of microalloying elements
reduces the plasticity of steel, and the occurrence rate of surface cracks in continuous casting billets is significantly
higher than that of ordinary carbon steel casting blank. There are problems for example transverse cracks, longitudinal
cracks, and shape cracks, so as to affect the quality of continuous casting billets and are not conducive to large-scale
productions, which is a typical problem with microalloyed casting blank. Niobium, vanadium, and titanium are three
relatively widely used elements in microalloyed steel, with niobium having the greatest impact on the plasticity of the
steel and the most significant reduction in its thermoplastic properties. Researches have shown that the addition of Ti
element can reduce the brittleness of niobium and vanadium microalloyed steels, but it is not easy to control costs.
[0004] Therefore, taking into account both cost and the issue of cracks in microalloyed steel casting blanks, developing
a low-cost, crack free production process for casting blanks is a typical process difficulty, which not only ensures the
performance of microalloyed steel, ensures the normal operation of the continuous casting process, but also improves
the surface quality of the casting blanks.

SUMMARY

[0005] In response to the problem of prone to cracks on the surfaces of microalloyed steel casting blanks during
continuous casting in existing technologies, the present invention provides a V-N microalloyed steel of surface-crack-
free continuous casting blanks . Through reasonable composition design and smelting and continuous casting process,
a surface crack free continuous casting blanks with a cross-section of (150-350) mm * (1250-2400) mm is produced,
which improves the surface quality of the continuous casting blanks.
[0006] To achieve the above objectives, the technical solution adopted by the present invention is as follows:
A V-N microalloyed steel composed by mass percentage of the following chemical components: C: 0.09-0.13%, Si:
0.1-0.4%, Mn: 1.0-3.0%, P: ≤ 0.05%, S: ≤ 0.05%, V: 0.1-0.4%, N: 0.011-0.2%, and the balance of Fe and unavoidable
impurity elements.
[0007] The present invention takes the features of the low valley point of thermoplastic properties of vanadium con-
taining steel, the chemical composition of microalloyed steel is reasonably designed, so as to reduce the occurrence of
surface cracks on the casting blanks during continuous casting.
[0008] In the present invention, the V element has a very strong affinity with the N element, and combined with TMCP
method in the later stage can play the role of increasing the strength and toughness of the structure through two typical
strengthening mechanisms, fine grain strengthening and precipitation strengthening.
[0009] At the same time, some regions in China have abundant reserves of vanadium deposit, for example Chengde
and Panzhihua, which have good cost advantages, and the price of N is relatively low. Therefore, using V-N microalloying
is beneficial for reducing the production cost of continuous casting blanks.
[0010] The present invention also provides a production method for V-N microalloyed surface-crack-free continuous
casting blanks, wherein the casting blanks are produced according to the chemical composition of the V-N microalloyed
steel mentioned above; and the method sequentially includes the following processes: converter smelting, LF refining,
and continuous casting.
[0011] In the above production method, as a preferred embodiment (mode), the cross-sectional specification of the
continuous casting blank is (150-350) mm * (1250-2400) mm.
[0012] In the above production method, as a preferred embodiment, in the converter smelting process, the molten
iron proportion is controlled between 88.0% ~ 91.0% (for example, 88.0%, 89.0%, 90.0%, and 91.0%), and the top-
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bottom combined blowing mode is used throughout the entire process, and nitrogen gas is blown first and then argon
gas is blown later during the blowing process, to stir the molten steel and promote the chemical reaction in the furnace.
Wherein, the argon blowing time shall not be less than 3 minutes (for example, 3 minutes, 5 minutes, 10 minutes, and
15 minutes).
[0013] In the above production method, as a preferred embodiment, in the converter smelting process, the blowing
process adopts a one blow to end (one shot to bottom) blowing method without reblowing (supplementary blowing)
process, so as to avoid excessive oxidation of molten steel and increase of inclusions during the reblowing process.
[0014] In the above production method, as a preferred embodiment, in the converter smelting process, the C content
at the smelting endpoint is controlled between 0.09% ~ 0.13% (for example, 0.09%, 0.10%, 0.11%, 0.12%, and 0.13%),
and the tapping temperature is between 1625 ~ 1645 °C (for example, 1625 °C, 1630 °C, 1635 °C, 1640 °C, and 1645
°C). The tapping temperature is determined based on the solidification temperature of the molten steel, the degree of
superheat during the continuous casting process, and the process temperature drop, so as to ensure the smooth pouring
of the continuous casting.
[0015] In the above production method, as a preferred embodiment, LF refining is performed after tapping without
vacuum degassing; the purpose of not performing vacuum degassing is to ensure the content of N in the molten steel.
[0016] In the above production method, as a preferred embodiment, the continuous casting process adopts a weak
water cooling method, so as to effectively reduce the occurrence of cracks on the casting blanks.
[0017] In the above production method, as a preferred embodiment, in the continuous casting process, protective
casting is adopted, and the large ladle alarms at the end of casting and thus immediately close the nozzle. After the
water port is closed, it is strictly prohibited to open it again. The intermediate ladle is covered with alkaline covering agent
to ensure good liquid level coverage, and the crystallizer uses low-carbon steel casting powder.
[0018] In the above production method, as a preferred embodiment, the specific water flow of the continuous casting
process is 0.7~1.25L/kg (for example, 0.7L/kg, 0.8Ukg, 1.0L/kg, 1.2L/kg, and 1.25Ukg).
[0019] In the above production method, as a preferred embodiment, in the continuous casting process, the degree of
superheat of the continuous casting furnace is strictly controlled, and the degree of superheat of the molten steel is
10~25 °C (for example, 10 °C, 15 °C, 20 °C, and 25 °C).
[0020] In the above production method, as a preferred embodiment, in the continuous casting process, the casting
speed is 1.0∼1.3 m/minutes (for example, 1.0m/minute, 1.1m/minute, 1.2m/minute, and 1.3m/minute).
[0021] The control of low degree of superheat in the present invention is beneficial for improving casting speed (drawing
speed), shortening pouring time, and reducing energy consumption; the tundish adopts alkaline covering agent to insulate
the steel ladle and remove impurities from the steel ladle.
[0022] In the above production method, as a preferred embodiment, the protective slag in the continuous casting
process is divided into powder slag layer, sintered layer, and liquid slag layer during the dissolution process.
[0023] In the above production method, as a preferred embodiment, deoxidation alloying is carried out during the
tapping process in the converter smelting process, while slag washing is also carried out.
[0024] In the above production method, as a preferred embodiment, the specific operation method of deoxidation
alloying during the tapping process in the converter smelting process is: during the tapping process, silicon containing
substances are selected for deoxidation, with an addition amount of 3.5~4.0kg/ton of steel (for example, 3.5kg/ton of
steel, 3.6kg/ton of steel, 3.8kg/ton of steel, and 4.0kg/ton of steel); silicon manganese and vanadium nitrogen alloys are
selected for alloying, wherein the vanadium nitrogen alloy (V content not less than 75%) is added in amount of 1~2
kg/ton of steel (for example, 1kg/ton of steel, 1.2kg/ton of steel, 1.4kg/ton of steel, 1.6kg/ton of steel, 1.8kg/ton of steel,
2kg/ton of steel). The present invention does not use aluminum for deoxidation.
[0025] In the above production method, as a preferred embodiment, during the tapping process in the converter
smelting process, the slag filtrating (washing) is carried out using a substance containing CaO (with a CaO content of
not less than 90%), with an addition amount of 3.5~4.0kg/ton of steel (for example, 3.5kg/ton of steel, 3.6kg/ton of steel,
3.8kg/ton of steel, and 4.0kg/ton of steel). The substance containing CaO needs to be added before the molten steel
reaches 3/4.
[0026] In the above production method, as a preferred embodiment, during the LF refining, in the early stage of LF
refining, the argon blowing amount of argon stirring is 400~1000 L/minute (for example, 500 L/minute, 600 L/minute,
700 L/minute, 800 L/minute, and 900 L/minute), and the argon stirring time is 3~4 minutes (for example, 3 minutes, 3.2
minutes, 3.5 minutes, 3.8 minutes, and 4 minutes). During stirring, attention should be paid to not exposing the molten
steel. And then silicon containing substances should be used for deoxidation, and fine tune the composition under the
condition of argon stirring.
[0027] In the above production method, as a preferred embodiment, during the LF refining, weak argon stirring is
adopted in the middle stage and end stage of LF refining, with the same argon blowing flow rate.
[0028] In the above production method, as a preferred embodiment, during the LF refining, in the end stage of LF
refining, the argon blowing amount of argon stirring is 100~200 L/minute (for example, 120 L/minute, 140 L/minute, 160
L/minute, and 180 L/minute), and the time of argon stirring is ≥ 5 minutes; the total refining time is controlled within 40~50
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minutes (for example, 40 minutes, 42 minutes, 45 minutes, 48 minutes, and 50 minutes), and the obtained N content is
100~2000 ppm (for example, 100 ppm, 500 ppm, 1000 ppm, 1500 ppm, 2000 ppm). The other component content meets
the required molten steel composition content in the smelting process.
[0029] In the continuous casting process of the present invention, the different water volume distribution is selected
based on the different specifications of the casting blanks and the composition of the steel grade during the continuous
casting process.
[0030] In the above production method, as a preferred embodiment, during the continuous casting process, the specific
distribution of water volume in the continuous casting process is as follows: the water volume in the inner and outer arcs
of the wide-side foot-roller of the casting blank accounts for about 8.0~10.0% of the total water volume (for example,
8.0%, 8.5%, 9.0%, 9.5%, and 10.0%), the water volume in the narrow-side foot-roller accounts for 3.4~4.5% of the total
water volume (for example, 3.4%, 3.8%, 4.0%, 4.2%, and 4.5%), and the water volume in the inner and outer arcs of
the second zone of the vertical bending section accounts for 11.0~15.9% of the total water volume (for example, 11.0%,
12.0%, 13.0%, 14.0%, 15.0%, 15.5%, and 15.9%), the water volume in the inner and outer arcs of the third zone accounts
for 13.0~15.9% of the total water volume (for example, 13.0%, 14.0%, 15.0%, 15.5%, and 15.9%), the water volume in
the inner and outer arcs of the fourth zone accounts for 12.0~13.0% of the total water volume (for example, 12.0%,
12.2%, 12.5%, 12.6%, 12.8%, and 13.0%), the water volume in the inner and outer arcs of the fifth zone of arc section
1 accounts for 8.5~9.5% of the total water volume (for example, 8.0%, 8.5%, 9.0%, and 9.5%), the water volume in the
inner and outer arcs of the sixth zone corresponding to arc sections 2 and 3 accounts for 12.0~14.0% of the total water
volume (for example, 12.0%, 12.5%, 13.0%, 13.5%, 13.8%, and 13.0%), the water volume in the inner and outer arcs
of the seventh zone of the sections 4~5 accounts for 8.0~11.5% of the total water volume (for example, 8.0%, 8.5%,
9.0%, 9.5%, 10.0%, 11.0%, 11.5%, and 10.0%), the water volume in the inner and outer arcs of the eighth zone of the
straightening sections 6, section 7 and section 8 accounts for 8.0~11.5% of the total water volume (for example, 8.0%,
8.5%, 9.0%, 9.5%, 10.0%, 11.0%, 11.5%, and 10.0%), while the remaining water volume is allocated to the horizontal
section.
[0031] In the present invention, the above technical features can be freely combined to form new technical solutions
without conflicting with each other.
[0032] The steps and processes not detailed in the production methods provided by the present invention are con-
ventional processes in the art.
[0033] Compared with the prior art, the beneficial effects of the present invention are:
the production method for V-N microalloyed and surface-crack-free continuous casting blank presented by the invention
improves the thermoplastic properties of the continuous casting blanks through reasonable composition design of V-N
microalloying, combined with appropriate smelting and continuous casting processes, avoiding high-temperature brittle
zones or having sufficient thermoplastic properties in the straightening range of the blanks to prevent surface cracks
from occurring. The surface quality of the billets is good, without the need for cleaning the casting blanks, and the
production efficiency is improved.

DETAILED DESCRIPTION OF THE EMBODYMENTS

[0034] The following will provide a detailed explanation of the technical solution of the present invention in conjunction
with embodiments. Each example is provided through the interpretation of the present invention rather than limiting it.
In fact, those skilled in the art will be aware that modifications and variations can be made in the present invention without
departing from the scope or spirit of the present invention. For example, features shown or described as part of one
embodiment may be used in another embodiment to generate another embodiment. Therefore, it is expected that the
present invention includes such modifications and variations within the scope of the accompanying claims and their
equivalents.
[0035] According to the embodiment of the present invention, it provides a surface-crack-free continuous casting
blanks V-N microalloyed steel. The V-N microalloyed steel is composed of the following chemical components by mass
percentage: C: 0.09-0.13%, Si: 0.1-0.4%, Mn: 1.0-3.0%, P: ≤ 0.05%, S: ≤ 0.05%, V: 0.1-0.4%, N: 0.011-0.2%, and the
balance of Fe and a small amount of unavoidable impurity elements. The present invention also provides a production
method for preparing surface-crack-free microalloyed steel for continuous casting blanks with the above-mentioned
chemical components, the method sequentially includes the following processes: converter smelting, LF refining, and
continuous casting.
[0036] The alkaline covering agent and low-carbon steel protective slag used in the production process of the continuous
casting blank of the present invention are commonly used commercial products for producing microalloyed steel.
[0037] Due to the carbonitride precipitates during continuous casting process, the plasticity of steel is decreased, the
occurrence rate of surface cracks of continuous casting blank is significantly higher than that of ordinary carbon steel
blank, and problems such as transverse cracks, longitudinal cracks, and shape cracks occur. In the smelting process
of the invention, the contents of C are controlled, S is reduced, the use of a deoxidant is controlled, the inclusion
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morphology is changed, and the purity of steel is improved. In combination with LF refining and reasonable continuous
casting process, a microalloyed steel with fine grains and good plasticity is obtained, thereby reducing the occurrence
of surface cracks in a continuous casting blank of microalloyed steel , improving the surface quality of a continuous
casting blank.

Example 1

[0038] This example provides a V-N microalloyed continuous casting blank and its production method, and the chemical
composition of the continuous casting blank is shown in Table 1 by mass percentage.

[0039] The production method sequentially includes the following processes: converter smelting, LF refining and
continuous casting.

(1) Converter smelting:

[0040] During a converter smelting process, a 120t converter is used for smelting, the smelting raw materials are
molten iron and steel scrap, and the ratio of molten iron is controlled at 90%; nitrogen gas is used for blowing in the early
stage of blowing and argon gas used for blowing in the later stage with 4 minutes of the argon gas blowing, and a gun-
to-bottom type for blowing is carried out in the blowing process, absolutely eliminating the supplementary blowing process,
thereby preventing the molten steel from being peroxided so as to improve the cleanliness of the molten steel.
[0041] The C content at the smelting endpoint is controlled at 0.10wt%, and the tapping temperature is 1632 °C;
deoxidation alloying and slag filtrating are carried out during tapping, silicon containing material is selected as deoxidizing
agent with the addition amount of about 3.6kg/t steel; the alloyed raw material is vanadium nitrogen alloy (with a V
content of 77 wt%) with an addition of about 1.6kg/ton of steel; and a substance containing CaO is selected for slag
filtrating (with a CaO content of 90 wt%) with an added amount of 3.8kg/ton of steel.

(2) LF refining:

[0042] The steel ladle is directly transferred to the LF refining station for argon blowing refining after tapping; in the
early stage of refining, the argon blowing rate at 400L/minute is selected for argon blowing stirring for 3 minutes , then
silicon containing substances are added for deoxygenation, and a small amount of silicon manganese is added to adjust
the Mn content; at the end stage of refining, the argon blowing rate is adjusted to 150L/minute and stirred for 6 minutes;
the total refining time is controlled at 45 minutes, the N content obtained is 120 ppm and the content of other components
meets the requirements of molten steel composition in the composition control process.

(3) Continuous casting:

[0043] In the protective casting process, the large ladle is protected with a long water port and a conical asbestos pad
is added to ensure the air-tightness of the connection.
[0044] After the casting starts, a coal gas flame is firstly used to check air-tightness of the lower water port of the ladle
and the bowl part of long water port. If the flame is sucked in, it indicates poor sealing at this location, and a new long
water port is jointed. If the air-tightness meets the requirements, argon gas is introduced into the bowl part connection
of the long water port to form an argon sealing state during the pouring process, further preventing oxygen and nitrogen
increase in the molten steel caused by the loose connection between the bowl part of long water port and the lower
water port of the ladle due to air intake .
[0045] Immediately close the water port when the large ladle alarmed at the end of pouring. It is strictly prohibited to
reopen the water port after it is closed. The tundish is covered with alkaline covering agent, and the crystallizer is protected
with low-carbon steel protective slag (special P0050 of Shinagawa 250).
[0046] This example is the third furnace for casting, that is, a third furnace steel which is cast after the start of continuous
casting. The degree of superheat is 20 °C, and the actual drawing speed is 1.1m/minute.
[0047] During the continuous casting process, the specific distribution of water volume with a specific water flow

Table 1 The chemical component of the V-N microalloyed continuous casting blank from Example 1

Example chemical component (wt%), the balance of Fe and unavoidable impurity elements

C Si Mn P S V N

1 0.10 0.23 1.62 0.014 0.007 0.12 0.012
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(specific amount of water) of 1.2 Ukg is as follows: the amount of water in the inner and outer arcs of the wide-side foot-
roller of the casting blank accounts for about 8.6% of the total amount of water, the amount of water in the narrow-side
foot-roller accounts for 3.5% of the total amount of water, and the amount of water in the inner and outer arcs of the
second zone of the vertical bending section accounts for 15.8% of the total amount of water, the water volume in the
inner and outer arcs of the third zone accounts for 15.6% of the total water volume, the water volume in the inner and
outer arcs of the fourth zone accounts for 12.9% of the total water volume, the water volume in the inner and outer arcs
of the fifth zone of arc section 1 accounts for 9.3% of the total water volume, the water volume in the inner and outer
arcs of the sixth zone corresponding to arc sections 2 and 3 accounts for 12.4% of the total water volume, the water
volume in the inner and outer arcs of the seventh zone of the sections 4~5 accounts for 8.1% of the total water volume,
the water volume in the inner and outer arcs of the eighth zone of the straightening sections 6, section 7 and section 8
accounts for 8.9% of the total water volume, while the remaining water volume is allocated to the horizontal section.
[0048] Implementation effect: The continuous casting blank obtained from the multi furnace steel cast by the above
method has a cross-sectional area of 200mm * 2000mm, good surface quality, no cracks detected at low magnification,
and no cracks observed on the surface of the casting blank during hot state observation, without the need for casting
blank cleaning.

Example 2

[0049] This example provides a V-N microalloyed continuous casting blank, and the chemical composition of the
continuous casting blank is shown in Table 2 by mass percentage.

[0050] The production method sequentially includes the following processes: converter smelting, LF refining, and
continuous casting.

(1) Converter smelting:

[0051] During a converter smelting process, a 120t converter is used for smelting, the smelting raw materials are
molten iron and steel scrap, and the ratio of molten iron is controlled at 89%; nitrogen gas is used for blowing in the early
stage of blowing and argon gas used for blowing in the later stage with 3 minutes of the argon gas blowing, and a gun-
to-bottom type for blowing is carried out in the blowing process, absolutely eliminating the supplementary blowing
process .
[0052] The C content at the smelting endpoint is controlled at 0.09t%, and the tapping temperature is 1630 °C.
[0053] Deoxidation alloying and slag filtrating are carried out during tapping, and silicon containing material is selected
as deoxidizing agent (that is, silicon carbide) with the addition amount of about 3.8 kg/t steel; the alloyed raw material
is vanadium nitrogen alloy (with a V content of 77 wt%) with an addition of about 1.3 kg/ton of steel; and a substance
containing CaO is selected for slag filtrating (with a CaO content of 90 wt%) with an added amount of 3.6 kg/ton of steel.

(2) LF refining:

[0054] The steel ladle is directly transferred to the LF refining station for argon blowing refining after tapping, in the
early stage of refining, the argon blowing rate at 400 L/minute is selected for argon blowing stirring for 4 minutes,and
then silicon containing substances are added for deoxygenation; at the end stage of refining, the argon blowing rate is
adjusted to 150L/minute and stirred for 7 minutes; the total refining time is controlled at 48 minutes, the N content obtained
is 100 ppm, and the content of other components meets the requirements of molten steel composition in the composition
control process.

(3) Continuous casting:

[0055] In the protective casting process, the large ladle is protected with a long water port and a conical asbestos pad
is added to ensure the air-tightness of the connection. After the casting starts, a coal gas flame is firstly used to check
air-tightness of the lower water port and the bowl part of the long water port. If the flame is sucked in, it indicates poor

Table 2 The chemical component of the V-N microalloyed continuous casting blank from Example 2

Example chemical component (wt%), the balance of Fe and unavoidable impurity elements

C Si Mn P S V N

2 0.09 0.40 1.00 0.014 0.006 0.25 0.032
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sealing at this location, and a new long water port is jointed. If the air-tightness meets the requirements, argon gas is
introduced into the bowl part connection of the long water port to form an argon sealing state during the pouring process,
further preventing oxygen and nitrogen increase in the molten steel caused by the loose connection between the long
water port bowl part and the lower water port of the ladle due to air intake. Immediately close the water port when the
large ladle alarmed at the end of pouring. It is strictly prohibited to reopen the water port after it is closed. The tundish
is covered with alkaline covering agent, and the crystallizer is protected with low-carbon steel protective slag (special
P0027-3 of Shinagawa 250).
[0056] This example is the fourth furnace of steel poured after the continuous casting start. The degree of superheat
is 15 °C, and the actual drawing speed is 1.2m/minute.
[0057] During the continuous casting process, the specific distribution of water volume with a specific water flow of
1.0L/kg is as follows: the water volume in the inner and outer arcs of the wide-side foot-roller of the casting blank accounts
for about 8.1% of the total water volume, the water volume in the narrow-side foot-roller accounts for 4.3% of the total
water volume, and the water volume in the inner and outer arcs of the second zone of the vertical bending section
accounts for 11.4% of the total water volume, the water volume in the inner and outer arcs of the third zone accounts
for 13.1% of the total water volume, the water volume in the inner and outer arcs of the fourth zone accounts for 12%
of the total water volume, the water volume in the inner and outer arcs of the fifth zone of arc section 1 accounts for
9.0% of the total water volume, the water volume in the inner and outer arcs of the sixth zone corresponding to arc
sections 2 and 3 accounts for 13.6% of the total water volume, the water volume in the inner and outer arcs of the seventh
zone of the sections 4~5 accounts for 11.2% of the total water volume, the water volume in the inner and outer arcs of
the eighth zone of the straightening sections 6, section 7 and section 8 accounts for 11.3% of the total water volume,
while the remaining water volume is allocated to the horizontal section.
[0058] Implementation effect: The continuous casting blank obtained from the multi furnace steel cast by the above
method has a cross-sectional area of 250 mm * 1800 mm, good surface quality, no cracks detected at low magnification,
and no cracks observed on the surface of the casting blank during hot state observation, without the need for casting
blank cleaning.
[0059] The above is only a preferred embodiment of the present invention and is not intended to limit the present
invention. For those skilled in the art, the present invention may undergo various modifications and variations. Any
modifications, equivalent substitutions, improvements, etc. made within the spirit and principles of this invention shall
be included within the scope of protection of this invention.

Claims

1. A V-N microalloyed steel, characterized in that the V-N microalloyed steel consists of the following chemical
components by mass percentage: C: 0.09-0.13%, Si: 0.1-0.4%, Mn: 1.0-3.0%, P: ≤ 0.05%, S: ≤ 0.05%, V: 0.1-0.4%,
N: 0.011-0.2%, and the balance of Fe and unavoidable impurity elements.

2. A production method for V-N microalloyed surface-crack-free continuous casting blanks, characterized in that the
casting blanks are produced according to the chemical components of the V-N microalloyed steel according to claim
1; the method includes the following processes in sequence: converter smelting, LF refining and continuous casting.

3. The production method according to claim 2, characterized in that a cross-sectional specification of the continuous
casting blanks is (150-350) mm * (1250-2400) mm.

4. The production method according to claim 2 or claim 3, characterized in that in the converter smelting process, a
molten iron proportion is controlled between 88.0 wt% - 91.0 wt%, a top-bottom combined blowing mode is used
throughout entire process, and nitrogen gas is blown first and then argon gas is blown later during blowing process,
wherein an argon-blowing time shall not be less than 3 minutes;

preferably, the blowing process adopts a one blow to end blowing mode without reblowing process;
preferably, a C content at smelting endpoint is controlled between 0.09 - 0.13 wt%, and a tapping temperature
is between 1625 - 1645 °C

5. The production method according to claim 4, characterized in that LF refining is performed after tapping, and the
refining is without vacuum degassing.

6. The production method according to claim 5, characterized in that in the continuous casting process, a weak water
cooling mode is adopted in continuous casting; in the continuous casting process, protective casting is adopted,
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water port is closed immediately while large ladle alarms at the end of casting, reopening the water port is strictly
prohibited after the water port is closed, an intermediate ladle is covered with alkaline covering agent, anda crystallizer
uses low-carbon steel protective slag;

preferably, an specific amount of water in the continuous casting process is 0.7~1.25 L/kg;
preferably, a superheat degree of molten steel is 10~25 °C;
further preferably, a casting speed during continuous casting process is 1.0~1.3 m/minute.

7. The production method according to claim 4, characterized in that deoxidation alloying is carried out during tapping
process in the converter smelting process, while slag filtrating is also carried out;

preferably, a specific operation method of the deoxidation alloying is as follows: during tapping process, a silicon
containing substance is selected for deoxidation with an addition amount of 3.5~4.0kg/ton of steel; and silicon
manganese and vanadium nitrogen alloys are selected for alloying, wherein an addition amount of the vanadium
nitrogen alloy is 1~2 kg/ton of steel;
preferably, the slag filtrating is carried out using a substance containing CaO with an addition amount of 3.5~4.0
kg/ton of steel, and the substance containing CaO needs to be added before molten steel reaches 3/4.

8. The production method according to claim 5, characterized in that in the LF refining process, in an early stage of
LF refining, an argon-blowing amount for argon-blowing stirring is 400~1000 L/minute, an argon-blowing stirring
time is 3~4 minutes, a silicon containing substance should be used for deoxidation, and the components are fine-
tuned under the condition of argon-blowing stirring,.

9. The production method according to claim 8, characterized in that in the LF refining process, at the end of LF
refining, an argon-blowing amount for argon-blowing stirring is 100~200 L/minute, and a time of argon-blowing
stirring is ≥ 5 minutes; a total refining time is controlled within 40~50 minutes, and N content obtained is 100~2000 ppm.

10. The production method according to claim 6, characterized in that in the continuous casting process, a specific
distribution of water volume in the continuous casting process is as follows: a water volume in inner and outer arcs
of a wide-side foot-roller of the casting blank accounts for about 8.0~10.0% of the total water volume, a water volume
in a narrow-side foot-roller accounts for 3.4~4.5% of the total water volume, and a water volume in inner and outer
arcs of a second zone of a vertical bending section accounts for 11.0~15.9% of the total water volume, a water
volume in inner and outer arcs of a third zone accounts for 13.0~15.9% of the total water volume, a water volume
in inner and outer arcs of a fourth zone accounts for 12.0~13.0% of the total water volume, a water volume in inner
and outer arcs of a fifth zone of arc section 1 accounts for 8.5~9.5% of the total water volume, a water volume in
inner and outer arcs of a sixth zone corresponding to arc sections 2 and 3 accounts for 12.0~14.0% of the total
water volume, a water volume in inner and outer arcs of a seventh zone of sections 4~5 accounts for 8.0~11.5% of
the total water volume, a water volume in inner and outer arcs of a eighth zone of straightening section 6, section
7 and section 8 accounts for 8.0~11.5% of the total water volume, and a remaining water volume is allocated to a
horizontal section.
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