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(67)  The present invention relates to a process for
manufacturing CrNiMo30C forged steel for a wellhead
device of deep-sea oil extraction by continuous casting.
The forged round steel of ©300-400mm is manufactured
by continuous casting billet of ®600mm, the process in-
cluding steps of molten steel smelting, continuous cast-
ing, forging, annealing, cooling and etc, the macrostruc-
ture of the continuous casting billet meets the require-
ments of appendix A of YB/T4149 standard: center po-
rosity is equal to or less than grade 2.0, center crack is
equal to or less than grade 1.0, shrinkage cavity is equal
to or less than grade 1.0, defects of intermediate cracks,
white flakes and upwarping defects are forbidden. The

billet is heated and the heating speed is equal to or less
than 200°C per hour, the heating temperature of forging
is 1200-1250°C, ensuring that the billet is completely
heated, the initial forging temperature is higher than
1150°C, and the final forging temperature is not lower
than 850°C; after leaving the production line, the forged
steel is at a high temperature of equal to or greater than
500°C and is then slowly cooled in sand; after the tem-
perature drops to 200°C or lower, the forged steel is taken
out of pit and slowly cooled. The inner quality of the fin-
ished forged steel meets requirements of grade D/d of
SEP 1921 standard, and the mechanical property should
meet the requirements of APISPEC 6A standard.
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Description
Technical Field

[0001] The presentinvention relates to a field of man-
ufacturing forged steel, specially relates to a process for
manufacturing CrNiMo30C forged steel for a wellhead
device of deep-sea oil extraction by continuous casting.

Background Art

[0002] The wellhead device of deep-sea oil extraction
consists of casing-head, tubing-head and production
tree, and is an important device for producing gas-oil.
The wellhead device is mainly used to control the pres-
sure of production wellhead and to regulate the flow rate
of oil (gas) and water wells, how good the performance
is relates to whether the oil/gas wells can produce safely
and efficiently or not.

[0003] At present the wellhead device of deep-sea oil
extraction is usually forged by mold casting ingot, be-
cause the inner quality of steel ingot in manufacturing is
better than that of continuous casting billet (especially
the alloy containing a certain amount of Cr, Ni, Mo etc.),
the forged bar can meet the higher requirements of ul-
trasonic flaw detection and mechanical property required
by the wellhead device of deep-sea oil extraction. While
the casting and solidification process of molten steel of
continuous casting billet is different from those of mold
casting ingot, the inner quality of continuous casing billet
has problems of bad compactness and heavy segrega-
tion, therefore, the forged bar by continuous casting billet
usually can not meet the requirements of use in the well-
head device of deep-sea oil extraction. However, each
forged bar by mold casting ingot has to be cut in heads
and tails, the production ratioin forging is only about 80%,
whereas the forged bar by continuous casting billet is
poured at one time with several stoves of steel. Because
the billet yield in continuous casting is high, the produc-
tion ratio in forging is up to 90% or more, the production
efficiency is high and the cost is low. Thus, improving the
inner quality of continuous casting billets, controlling the
process of forging, and replacing the mold casting ingots
by continuous casting billets for manufacturing the well-
head device of deep-sea oil extraction would be a better
development tendency.

Disclosure of Invention

[0004] Aiming at above prior arts, the object of the
presentinvention is, by improving the inner quality of con-
tinuous casting of ®600mm CrNiMo30C steel and by
adopting a reasonable forging process, to manufacture
forged round steel of ®300-400mm via replacing mold
casting ingot with continuous casting billet. The inner
quality meets requirements of an ultrasonic test accord-
ing to grade D/d of SEP 1921 standard and a mechanical
property test according to APISPEC 6A standard.
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[0005]
lows:
A process for manufacturing CrNiMo30C forged steel for
a wellhead device of deep-sea oil extraction, by contin-
uous casting, including the following steps

The solution of the present invention is as fol-

1) Smelting molten steel: CrNiMo30C steel of a me-
dium-carbon low-alloy CrNoMo steel, its constitu-
ents and mass percentages are as follows: C:
0.25~0.40%, Si: 0.15~0.40%, Mn: 0.80~1.30%, P:
<0.010%, S: <0.008%, Cr: 0.85~1.55%, Mo:
0.30~0.65%, Ni: 0.80~ 1.40%, V: 0.02~0.08%, Nb:
0.02~0.05%, Cu <0.25%, B <0.0005%, H <0.0002%,
the balance is Fe and the unavoidable impurity ele-
ments, the molten steel is processed by KR pretreat-
ment, BOF converter smelting, LF refining and RH
vacuum degassing, thereby the CrNiMo30C steel
with low H, S and P is obtained, and the steel is finally
controlled according the requirements of P <0.010%,
S <0.005% and H <1.5ppm;

2) Continuous casting: the molten steel is further
processed by argon protection, mixed electromag-
netic stirring with mold electromagnetic stirring (M-
EMS) and final electromagnetic stirring (F-EMS), in
cooperation with secondary cooling water and low
speed casting, and strictly controlling a superheat
degree of 20-35 °C, thereby to decrease columnar
crystals and enlarge equiaxed crystal, to prevent the
development of columnar crystals to refine grains,
to reduce segregation degree in steel crystallization
process, to sufficiently ensure uniformity and com-
pactness of inner structure; a continuous casting bil-
let of ®600mm leaves the production line and is de-
livered to a slow cooling pit at a high temperature of
equal to or more than 500°C, and is kept warm for
equal to or more than 36h in the pit, and then the
continuous billet is timely forged after outside the pit;
the macrostructure of the continuous casting billet
meets the requirements of appendix A of YB/T4149
standard: center porosity is equal to or less than
grade 2.0, center crack is equal to or less than grade
1.0, shrinkage cavity is equal to or less than grade
1.0, defects of intermediate cracks, white flakes and
upwarping defects are forbidden;

3) Forging: the billet is heated and the heating speed
is equal to or less than 200°C per hour, the heating
temperature offorgingis 1200-1250°C, ensuring that
the billet is completely heated, the initial forging tem-
perature is higher than 1150°C, and the final forging
temperature is not lower than 850°C, the continuous
casting billet is freely forged by a 1400T double-sta-
tion hydraulic machine, oxide coating of the contin-
uous billet is timely removed during forging, the billet
is drawn into square shape by a small reduction
amount at initial cogging, thereby to prevent surface
cracks, and is drawn into square shape by a large
reduction amount at intermediate cogging, thereby
to penetrate the forging force into the core so as to
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improve the inner quality, and the billet is further
drawn and its outside shaped as a circle, andis finally
finished to a finished size; after leaving the produc-
tion line, the forged steel is at a high temperature of
equal to or greater than 500°C and is then slowly
cooled in sand; after the temperature drops to 200°C
or lower, the forged steel is taken out of the pit and
slowly cooled;

4) Performing stress relief annealing treatment on
forged steel: the annealing temperature is
650-700°C, keeping warm for 12 hours or more, cool-
ing to below 300°C along with the furnace, taking the
forged billet outside the furnace, and air-cooling to
room temperature;

5) Inspection: cutting head and tail parts of each
piece of forged steel, and performing an ultrasonic
test according to grade D/d of SEP 1921 standard
to each piece of steel; performing a mechanical prop-
erty test to a batch of the steel, wherein the tensile,
the impact and the hardness should meet the re-
quirements of APISPEC 6A standard.

[0006] Compared with the prior art, the advantages of
the present invention focus on:

Compared with the prior process of manufacturing
CrNiMo30C forged steel by mold casting ingot, the
present invention has good benéfits:

¢ Using "KR-BOF-LF-RH-CCM" in smelting and con-
tinuous casting, so that the degree of automation
and mechanization is high, operating condition is
therefore improved, and the production efficiency is
improved.

¢ Using mixed electromagnetic stirring with mold elec-
tromagnetic stirring (M-EMS) and final electromag-
netic stirring (F-EMS), to improve the inner quality
of continuous quality; controlling forging heating
process and the reduction amount at cogging, to ob-
tain a forged bar of Cr, Ni, Mo with good inner quality
for use in a wellhead device of deep-sea oil extrac-
tion; replacing casting ingot by continuous casting,
so that the yield ratio is improved, and the cost ad-
vantage is significant.

Brief Description of Figures in the Drawings

[0007]

Figure 1 illustrates macrostructure of ®350mm
forged round steel by continuous casting billetin em-
bodiment 1;
Figure 2 illustrates macrostructure of ®390mm
forged round steel by continuous casting billetin em-
bodiment 2.

Mode(s) for Carrying Out the Invention

[0008] The presentinvention further describes a proc-
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ess for manufacturing CrNiMo30C forged steel for a well-
head device of deep-sea oil extraction by continuous
casting billet in detail with reference to embodiments.

[0009] Chemical constituents of CrNiMo30C steel are
as follows: C: 0.25~0.40%, Si: 0.15~ 0.40%, Mn:
0.80~1.30%, P: <0.010%, S: <0.008%, Cr: 0.85~1.55%,
Mo: 0.30~0.65%, Ni: 0.80~1.40%, V: 0.02~0.08%, Nb:
0.02~0.05%, Cu <0.25%, B <0.0005%, H <0.0002%, the
balance is Fe and the unavoidable impurity elements.

Embodiment 1

[0010] The steel is selected to be CrNiMo30C steel;

1) Smelting:

the molten steel is processed by KR pretreat-
ment to perform desulphurization and desilici-
cation,

before the molten steel is delivered into convert-
er, S=0.005%,

BOF converter smelting mainly performs de-
phosphorizing, decarbonizing and heating, alloy
metal is added after tapping.

In LF refining process, the chemical constituents are
fine tuned, deoxidation, desulphurization and remov-
ing impurity.

After degassing in RH vacuum and after breaking
the vacuum, H is determined to be H=0.8ppm.

2) Continuous casting:

the molten steel is further processed by argon pro-
tection, the superheat degree is controlled to be
25°C, a continuous casting billet of ®600mm is pro-
duced by mixed electromagnetic stirring with mold
electromagnetic stirring (M-EMS) and final electro-
magnetic stirring (F-EMS), and then itleaves the pro-
duction line and is delivered to a slow cooling pit at
550°C, and is kept warm for 36h in the pit, then the
continuous billetis taken outside the pitand the mac-
rostructure is tested according to appendix A of
YB/T4149 standard: center porosity is grade 1.0,
center crack is grade 0, shrinkage cavity is grade 0,
free of intermediate cracks, white flakes or upwarp-
ing defects, etc.

3) Forging:

the continuous casting billet of ®600mm is cold de-
livered to the furnace and is heated to 1200°C, the
heating speed is equal to or less than 200°C per
hour, and is kept warm for 5 hours, the initial forging
temperature is 1150°C, and the final forging temper-
ature is notlower than 850°C, the continuous casting
billet is freely forged by a 1400T double-station hy-
draulic machine, oxide coating of the continuous bil-
letis timely removed during forging, the billetis drawn
into about 550mm square by a small reduction
amount of 20-30mm at initial cogging, and the billet
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is drawn into about 400mm square by a large reduc-
tion amount of 70-80mm at intermedia cogging,
thereby to penetrate the forging force into the core,
so as to improve the inner quality, and the billet is

metal is added after tapping.

In LF refining process, the chemical constituents are

and the macrostructure is tested according to ap-
pendix A of YB/T4149 standard: center porosity is
grade 1.5, center crack is grade 0.5, shrinkage cavity
is grade 0, free of intermediate cracks, white flakes

further drawn and its outside is shaped as acircle of 5 or upwarping defects, etc..
®370mm, and is finally finished to a finished circle 3) Forging:
of ®350mm; after leaving the production line, the the continuous casting billet of ®600mm is cold de-
forged steel is air-cooled to 550°C and then is slowly livered to the furnace and is heated to 1220°C, the
cooled in sand; after the temperature drops to 200°C heating speed is equal to or less than 200°C per
or lower, the forged steel is taken out of the pit. 10 hour, and is kept warm for 5 hours, the initial forging
4) Annealing: temperature is 1120°C, and the final forging temper-
after the forged steel is taken out of the pit, perform- atureis notlower than 850°C, the continuous casting
ing stress relief annealing treatment, the annealing billet is freely forged by a 1400T double-station hy-
temperature is 660°C, keeping warm for 12 hours or draulic machine, oxide coating of the continuous bil-
more, cooling to below 300°C along with the furnace, 75 letis timely removed during forging, the billetis drawn
taking the forged billet outside the furnace, and air- into about 550mm square by a small reduction
cooling to room temperature, the tested macrostruc- amount of 20-30mm at initial cogging, and the billet
ture is shown in figure 1. is drawn into about 410mm square by a large reduc-
5) Inspection: tion amount of 70-80mm at intermedia cogging,
cutting head and tail parts of each piece of forged 20 thereby to penetrate the forging force into the core
steel, and performing an ultrasonic test according to so as to improve the inner quality, and the billet is
grade D/d of SEP 1921 standard to each piece of further drawn and its outside shaped as a circle of
steel; performing a mechanical property test to a ®400mm, and is finally finished to a finished circle
batch of the steel, wherein the tensile, the impact of ®390mm; after leaving the production line, the
and the hardness meet the requirements of 25 forged steel is air-cooled to 550°C and then is slowly
APISPEC 6A standard. cooled in sand; after the temperature drops to 200°C
or lower, the forged steel is taken out of the pit.
Embodiment 2 4) Annealing:
after the forged steel is taken out of the pit, perform-
[0011] The steel is selected to be CrNiMo30C steel. 30 ing stress relief annealing treatment, the annealing
temperature is 660°C, keeping warm for 12 hours or
1) Smelting: more, cooling to below 300°C along with the furnace,
taking the forged billet outside the furnace, and air-
the molten steel is processed by KR pretreat- cooling to room temperature, the tested macrostruc-
ment to perform desulphurization and desilici- 35 ture is shown in figure 2;
cation, 5) Inspection:
before the molten steel is delivered into convert- cutting head and tail parts of each piece of forged
er, S=0.003%, steel, and performing an ultrasonic test according to
BOF converter smelting mainly performs de- grade D/d of SEP 1921 standard to each piece of
phosphorizing, decarbonizing and heating, alloy 40 steel; performing a mechanical property test to a

batch of the steel, wherein the tensile, the impact
and the hardness meet the requirements of
APISPEC 6A standard.

fine tuned, deoxidation, desulphurizationandremov- 45
ing impurity.

After degassing in RH vacuum and after breaking

the vacuum, H is determined to be H=1.0ppm.

2) Continuous casting:

the molten steel is further processed by argon pro- 50
tection, the superheat degree is controlled to be
27°C, a continuous casting billet of ®600mm is pro-
duced by mixed electromagnetic stirring with mold
electromagnetic stirring (M-EMS) and final electro- 1.
magnetic stirring (F-EMS), and then it leaves the pro- 55
duction line and is delivered to a slow cooling pit at

580°C, and is keptwarm for40hinthe pit, after slowly

cooling the continuous billet is taken outside the pit

[0012] Besides above embodiments, the present in-
vention further includes other embodiments, and any
technical solution formed by equivalent transformation
or equivalent substitution shall fall within the protection
scope of claims of the present invention.

Claims

A process for manufacturing CrNiMo30C forged
steel fora wellhead device of deep-sea oil extraction,
by continuous casting, characterized in including
the following steps
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1) Smelting molten steel: CrNiMo30C steel of a
medium-carbon low-alloy CrNoMo steel, its con-
stituents and mass percentages are as follows:
C: 0.25~0.40%, Si: 0.15~0.40%, Mn:
0.80~1.30%, P: <0.010%, S: <0.008%, Cr:
0.85~1.55%, Mo: 0.30~0.65%, Ni: 0.80~ 1.40%,
V:0.02~0.08%, Nb: 0.02~0.05%, Cu <0.25%, B
<0.0005%, H <0.0002%, the balance is Fe and
the unavoidable impurity elements,

wherein the molten steel is processed by KR
pretreatment, dephosphorizing and decarboniz-
ing in BOF converter smelting and heating, add-
ing alloy after tapping, LF refining and RH vac-
uum degassing, thereby the CrNiMo30C steel
with low H, S and P is obtained, and the steel is
finally controlled according the requirements of
P <0.010%, S <0.005% and H <1.5ppm;

2) Continuous casting: the molten steel is further
processed by argon protection, mixed electro-
magnetic stirring with mold electromagnetic stir-
ring (M-EMS) and final electromagnetic stirring
(F-EMS), in cooperation with secondary cooling
water and low speed casting, and strictly con-
trolling a superheat degree of 20-35 °C, thereby
to decrease columnar crystals and enlarge equi-
axed crystal, to prevent the development of co-
lumnar crystals to refine grains, to reduce seg-
regation degree in steel crystallization process,
to sufficiently ensure uniformity and compact-
ness of inner structure; a continuous casting bil-
let of ®600mm leaves the production line and is
delivered to a slow cooling pit at a high temper-
ature of equal to or more than 500°C, and is kept
warm for equal to or more than 36h in the pit,
and then the continuous billet is timely forged
after outside the pit; the macrostructure of the
continuous casting billet meets the require-
ments of appendix A of YB/T4149 standard:
center porosity is equal to or less than grade 2.0,
center crack is equal to or less than grade 1.0,
shrinkage cavity is equal to or less than grade
1.0, defects of intermediate cracks, white flakes
and upwarping defects are forbidden;

3) Forging: the billet is heated and the heating
speed is equal to or less than 200°C per hour,
the heating temperature of forging is
1200-1250°C, ensuring that the billet is com-
pletely heated, the initial forging temperature is
higher than 1150°C, and the final forging tem-
perature is notlower than 850°C, the continuous
casting billet is freely forged by a 1400T double-
station hydraulic machine, oxide coating of the
continuous billet is timely removed during forg-
ing, the billet is drawn into square shape by a
small reduction amount at initial cogging, there-
by to prevent surface cracks, and is drawn into
square shape by a large reduction amount at
intermediate cogging, thereby to penetrate the
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forging force into the core so as to improve the
inner quality, and the billet is further drawn and
its outside shaped as a circle, and is finally fin-
ished to a finished size; after leaving the produc-
tion line, the forged steel is ata high temperature
of equal to or greater than 500°C, and is then
slowly cooled in sand; after the temperature
drops to 200°C orlower, the forged steel is taken
out of pit and slowly cooled;

4) Performing stress relief annealing treatment
on forged steel: the annealing temperature is
650-700°C, keeping warm for 12 hours or more,
cooling to below 300°C along with the furnace,
taking the forged billet outside the furnace, and
air-cooling to room temperature;

5) Inspection: cutting head and tail parts of each
piece of forged steel, and performing an ultra-
sonic test according to grade D/d of SEP 1921
standard to each piece of steel; performing a
mechanical property test to a batch of the steel,
wherein the tensile, the impact and the hardness
should meet the requirements of APISPEC 6A
standard.
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