EP 1 284 167 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(11) EP 1 284 167 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 158(3) EPC

(43) Date of publication:
19.02.2003 Bulletin 2003/08

(21) Application number: 02705439.4

(22) Date of filing: 22.03.2002

(51) Intcl.”. B22D 11/00, B22D 11/12,
B22D 11/124, B21B 19/04

(86) International application number:
PCT/JP02/02756

(87) International publication number:
WO 02/076654 (03.10.2002 Gazette 2002/40)

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE TR

(30) Priority: 27.03.2001 JP 2001090890
18.02.2002 JP 2002040741

(71) Applicant: Kawasaki Steel Corporation
Kobe-shi, Hyogo 651-0075 (JP)

(72) Inventors:

¢ TOYOOKA, Takaaki, Chita Works,
Kawasaki St. Corp.
Handa-shi, Aichi475-8611 (JP)

¢ MIYATA, Yukio, Chita Works
Handa-shi, Aichi 475-8611 (JP)

« KIMURA, Mitsuo, Chita Works
Handa-shi, Aichi 475-8611 (JP)

¢ ITOYAMA, Seiji,
Technical Research Laboratories
Chiba-shi, Chiba 260-0835 (JP)

¢ KISHIMOTO, Yasuo, Techn. Res. Lab.
Chiba-shi, Chiba 260-0835 (JP)

¢ NISHIKOORI, Masanori, Chiba Works
Chiba-shi, Chiba 260-0835 (JP)

¢ TAWARA, Eiji, Chiba Works,
Kawasaki Steel Corp.
Chiba-shi, Chiba 260-0835 (JP)

¢ OZAKI, Seiji, Chita Works, Kawasaki Steel Corp.
Handa-shi, Aichi 475-8611 (JP)

(74) Representative: Griinecker, Kinkeldey,
Stockmair & Schwanhausser Anwaltssozietat
Maximilianstrasse 58
80538 Miinchen (DE)

(54)

(57)  The present invention proposes a production
method for seamless steel pipe having excellent inner
plane and inside thick wall properties. More specifically,
the means for solving the problem comprises using, as
the raw material, a round billet having a center segre-
gation zone partition ratio W (%) as defined by equation
below of 20 % or higher. Where, W (%) = (Aw/D) x 100
(wherein, W: center segregation zone partition ratio (%),
Aw: separation width of the center segregation zone at
the center of thickness direction of round billet (mm),
and D: total thickness of round billet (outer diameter)
(mm)). After heating the round billet to a predetermined
temperature, pierce rolling is performed to obtain a hol-
low raw pipe, to which stretch rolling or further draw roll-
ing is applied to obtain a steel pipe of desired dimension.
The continuously cast slab for use in the invention is
preferably cast by using steel melt whose superheating
degreeis setin arange of 25 t0 65°C, and, while casting,
the quantity of the secondary cooling water at the central
portion in the width direction of the slab is set larger than
that at the peripheral portion in the width direction of the
slab and the secondary cooling water ratio until com-
plete solidification is adjusted within a range of from 1.2
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Description
Technical Field

[0001] The present invention relates to a production method for seamless steel pipe, and particularly, it relates to a
method for improving the properties of inner surface and internal of thickness for seamless steel pipes made of materials
difficult for processing, such as stainless steel.

Background Art

[0002] Mannesmann-type process has been widely used for the production of seamless steel pipe heretofore. The
method for producing seamless steel pipe in accordance with the Mannesmann-type method comprises first preparing
a hollow pipe from a rolled raw material (round billet) heated to a predetermined temperature through a pierce-rolling
step using a piercing machine. In general, as shown in Fig. 11, a piercing machine comprises two rolls and a plug
supported at the front end of a bar. The round billet is forced forward to the axial direction with rotating itself by the
rotation of the roll. Tensile stress and compression stress generate alternately on the central portion of the round billet
as to establish a state to easily generate a hole. Thus, by setting a plug at this state, a hole generates at the central
portion of the round billet to produce a hollow pipe. The pipe wall is further rolled between the roll and plug to finally
yield a hollow pipe. Thereafter, the hollow pipe is successively expanded and thinned by an elongating mill such as an
elongator, a plug mill, or a mandrel mill, and, after it is re-heated if necessary, the outer diameter of the pipe is reduced
to provide the seamless steel pipe of desired size by using a reducing mill such as a stretch reducer, a sizer, etc.
[0003] In general, there are two types of production methods for round billets for use the raw material for seamless
steel pipes. One is a direct method for continuously casting a round billet, and the other is a method comprising pro-
ducing a round billet by hot rolling from continuously cast slab (simply referred to hereinafter as "slab").

[0004] As described above, hollow pipe is produced by piercing the center part of the cross section of the round billet
using a plug in the piercing process. In this case, defects sometime generate on the inner surface of the hollow pipe,
and the reason for this is thought to be as follows. In case the round billet for use is produced by continuous casting,
as shown in Fig. 2, the center part of the cross section of the round billet approximately corresponds to the final position
of solidification of continuous casting. Accordingly, porosities, cavities, and a portion at which the solute components
such as S, P, Mn, etc. (referred to hereinafter as "center segregation zone") segregate, are present in the vicinity of
the central portion of the cross section. The hatched portion in the figure represents the center segregation zone,
porosities, and cavities. In this case, porosity refers to an aggregation of small gas pores, and cavity refers to cavities
other than porosities. It is believed that defects initiated from the porosities, cavities, and center segregation zone
generate on the inner surface of the hollow pipe during piercing. These become the inner surface defects of the seam-
less steel pipe. Fig. 3 is the enlarged view of the inner surface defects of the seamless steel pipe shown in Fig. 2.
Further, as shown in Fig. 4, in case round billet is produced by hot rolling a continuously cast slab, the final solidified
position is located in the vicinity of the center portion of the plate thickness direction of the continuously cast slab.
Accordingly, porosities, cavities, and center segregation zone are present in the vicinity of the central portion of the
cross section of the round billet. It is believed that defects initiated from the porosities, cavities, and center segregation
zone generate on the inner surface of the hollow pipe during piercing. These become the inner surface defects of the
seamless steel pipe. Fig. 5 is the enlarged view of the inner surface defects of the seamless steel pipe shown in Fig.
4. In particular, there is a problem that the frequency of generation is high for a material difficult for processing, such
as stainless steel.

[0005] In the light of such circumstances, for instance, in Japanese Patent laid-Open No. 52555/1996 in continuous
casting of the round billet is proposed a production method for a seamless steel pipe free from inner surface flaws,
comprising piercing after heating it to the rolling temperature, a round billet obtained by displacing the final solidification
position of the billet from the billet center by 1 to 3 % of the slab diameter, and then producing a hollow pipe by piercing
while setting the center of the round billet as the rolling center.

[0006] However, although it is possible to prevent inner surface flaws from generating by the technology disclosed
in Japanese Patent laid-Open No. 52555/1996, there remains a problem that double sheet-like defects tend to generate
in the inside of the build-up portion of the steel pipe.

[0007] The position displaced from the billet center by 1 to 3 % of the billet diameter is known to be the position
subject to vigorous shear strength by the plug on piercing. Thus, if center segregation zone, porosities, and cavities
presentin such a high concentration at such a position, not only it becomes impossible to cohere porosities and cavities
by compression, but also fractures generate due to the concentration of strain on the highly concentrated center seg-
regation zone. It is believed that double sheet-like defects generate in this manner as shown in Fig. 6.

[0008] An object of the present invention is to overcome the aforementioned problems of the prior art technology,
and to propose a production method of a seamless steel pipe showing excellent inner pipe surface (referred to here-
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inafter as "inner surface?") properties and inner properties for build-up steel pipes (referred to hereinafter as "inside
thick wall properties").

Disclosure of the Invention

[0009] In order to accomplish the problems above, the present inventors have extensively studied on the relation
between the position of center segregation zone of the rolled raw material and the generation of double sheet-like
defects. As a result, the present inventors have found that, by setting the center segregation zone partition ratio W to
20 % or higher, the inner plane properties and inside thick wall properties can be improved, wherein W is defined by
the following equation (1):

W (%) = (Aw/D) X 100 1)

(Where, W: center segregation zone partition ratio (%), Aw: the separation width of the center segregation zone at the
center of thickness direction of round billet (mm), and D: total thickness of round billet (outer diameter) (mm)).
[0010] Furthermore, the present inventors have studied on a less inexpensive, more effective, and more stable pro-
duction method of a slab produced by continuous casting suitable for producing a round billet having a center segre-
gation zone partition ratio W defined by the equation (1) above of 20 % or higher.

[0011] As a method for displacing the final solidification position from the center of a slab produced by continuous
casting, proposed is a method disclosed in Japanese Patent laid-Open No. 182347/1990, which comprises differing
the quantity of secondary cooling water for the central portion within the same plane of the width direction of the slab
from that in the peripheral portion. However, in accordance with the study of the present inventors, it has been found
difficult to stably produce a slab capable of producing a round billet having a center segregation zone partition ratio W
of 20 % or higher by simply differing the quantity of secondary cooling water for the central portion from that in the
peripheral portion.

[0012] The presentinventors have found that, by performing casting of the steel melt inside the tundish while setting
the superheating degree (=temperature of steel melt - liquidus temperature of steel) within a predetermined range, and
by adjusting the secondary cooling water ratio until complete solidification within a predetermined range while setting
the quantity of the secondary cooling water at the central portion in the width direction of the slab larger than that at
the peripheral portion in the width direction of the slab during casting, it is possible to stably cast a slab capable of
producing a round billet having a center segregation zone partition ratio W of 20 % or higher.

[0013] Thus, the present invention has been completed based on the aforementioned findings by adding further
studies thereto. More specifically, in a production method for seamless steel pipe comprising producing a round billet
by hot rolling a continuously cast slab, producing a hollow raw pipe by heating the round billet to a predetermined
temperature and pierce-rolling, and obtaining a steel pipe of predetermined size by stretch rolling or further draw rolling
the resulting hollow raw pipe, the present invention is a production method for seamless steel pipe having excellent
inner plane and inside thick wall properties, characterized by that a round billet having a center segregation zone
partition ratio W (%) of 20 % or higher is used, wherein W is defined by the following equation (1):

W (%) = (Aw/D) X 100 ()

(Where, W: center segregation zone partition ratio (%), Aw: the separation width of the center segregation zone at the
center of thickness direction of round billet (mm), and D: total thickness of round billet (outer diameter) (mm)).
[0014] Further preferably in the present invention, the continuously cast slab above is cast by using a steel melt while
setting the superheating degree of the steel melt inside the tundish in a range of 25 to 65°C, and, while setting the
quantity of the secondary cooling water at the central portion in the width direction of the slab larger than that at the
peripheral portion in the width direction of the slab, by adjusting the secondary cooling water ratio until complete so-
lidification within a range of from 1.2 to 2.0 I/kg-steel. In this case, secondary cooling water ratio refers to the ratio of
the total amount of cooling water per unit time at the secondary cooling zone (I/min) with respect to the amount cast
per unit time (kg-steel/min).

Brief Description of the Drawings
[0015]

Fig. 1 shows schematically drawn production process of a seamless steel pipe according to the present invention.
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At the same time, Fig. 1 is an explanatory diagram schematically showing the positions of the porosities, cavities,
center segregation zone, and the relation among the center of piercing position and the inner surface defect po-
sitions.

Fig. 2 is an explanatory diagram schematically showing, in a conventional case using round billet as the raw
material, the relation among the positions of the porosities, cavities, center segregation zone, and the center of
piercing position, and the relation among the inner surface defect positions.

Fig. 3 is an enlarged diagram of the inner surface defect of a seamless steel pipe shown in Fig. 2.

Fig. 4 is an explanatory diagram schematically showing, in a conventional case using slab as the raw material,
the relation among the positions of the porosities, cavities, center segregation zone, and the center of piercing
position, and the relation among the inner surface defect positions.

Fig. 5 is an enlarged diagram of the inner surface defect of a seamless steel pipe shown in Fig. 4.

Fig. 6 is an explanatory diagram schematically showing for a conventional case, the relation among the positions
of the porosities, cavities, center segregation zone, and the center of piercing position, and the relation among the
inner surface defect positions.

Fig. 7 is an explanatory diagram provided for the explanation of the definition of center segregation zone partition
ratio W.

Fig. 8 is a graph showing the influence of equiaxed crystal ratio on the morphology of the center segregation zone.
Fig. 9 is a schematic diagram showing the classification in morphology of the center segregation zone.

Fig. 10 is an explanatory diagram showing the pattern of the quantity of secondary cooling water used in the
Examples.

Fig. 11 is a schematic diagram showing the process for producing a hollow pipe from a round billet using a piercing
mill.

Best Mode for Carrying Out the Invention

[0016] In Fig. 1 is shown the outline of the production process of a seamless steel pipe according to the present
invention. In the present invention, slab is made from a steel melt having the desired composition by continuous casting
method. A round billet is obtained from the continuously cast slab by hot rolling to use the raw material for seamless
steel pipe.

[0017] The continuously cast slab for use in the present invention comprises a center segregation zone separated
at the center part in the width direction of the slab. More specifically, a region (AB), in which porosities and cavities are
extinguished by pressure welding and in which center segregation zone is reduced or extinguished, is provided at the
central part in the width direction of the slab for about 10 % of the width B. In this manner, the center segregation zone
partition ratio W (%) of the round billet, which is the rolling raw material, can be set to 20 % or higher. The degradation
of inner plane properties and of inside thick wall properties, which is attributed to a large misplacement of the porosities,
cavities, and the center segregation zone from the center of piercing position in the cross section of the round billet,
can be prevented from occurring.

[0018] The method for establishing the region in the central part of the slab in the width direction, which is free from
porosities and cavities, and from which center segregation zone is reduced or extinguished, is described below. For
instance, by applying forge draft to the central part in the width direction in the vicinity of the final solidification position
of the slab taken out from the continuously casting mold, porosities and cavities can be prevented from generating,
and the non-solidified solution containing concentrated alloy elements can be discharged.

[0019] The steel melt injected into the casting mold solidifies from the surface layer in contact with the casting mold
plane as heat is drawn out from the casting mold plane, and is drawn out continuously from the casting mold while
forming a solidified shell. After drawn out from the casting mold, the steel melt is further cooled by secondary cooling
using water spray and the like, such that the solidified shell may be further developed by sequential solidification. In
order to reduce or extinguish the center segregation zone while preventing porosities and cavities from generating, it
is preferred that 1 to 10% of press forging is applied to the portion in the vicinity of the final solidification position, more
specifically, at a position containing 1 to 5% of non-solidified melt. In the present invention, porosities and cavities
disappear by pressure welding accounting for 10% or more of the width at central part in the width direction of the slab,
and at the same time, there is formed a region in which the center segregation zone is reduced or extinguished.
[0020] In case the region above accounts for less than 10% of the width of the slab, shear deformation functions
during pierce-rolling, and double-sheet-like defects tend to generate attributed to the porosities and cavities that are
presentin the center segregation zone, or to the center segregation zone, etc. The wider the region, the more preferable;
however, a wider region requires a wider forging region. Accordingly, the load of press forging increases as to make
the apparatus unfeasibly gigantic. Hence, the upper limit of this region is about 50% of the width.

[0021] As a method for establishing the region free from porosities and cavities and from which center segregation
zone is reduced or extinguished in the central part of the width direction of the slab, the following method is more
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preferably employed in the place of forge drafting (press forging) as below.

[0022] Slab is continuously cast by using a steel melt the superheating degree thereof inside the tundish is set in a
range of 25 to 65°C, and, while setting the quantity of the secondary cooling water at the central portion in the width
direction of the slab is set larger than that at the peripheral portion in the width direction of the slab during continuos
casting, the secondary cooling water ratio until complete solidification is adjusted within a range of from 1.2 to 2.0 I/
kg-steel.

[0023] Inorderto separate the center segregation zone at the center of the width direction of the slab, and to establish
the region from which the center segregation zone is reduced or extinguished in the central part of the width direction
of the slab, the amount of equiaxed crystals is preferably decreased by developing columnar crystals during continuous
casting.

[0024] The relation between the shape of the center segregation zone of the continuously cast slab and the content
ratio of equiaxed crystals is given in Fig. 8. The details of the shapes (types) present in the center segregation zone
are shown in Fig. 9. Referring to Fig. 9, B represents the slab width, T represents the slab thickness, and AB represents
the separation width of the center segregation zone. Fig. 8 shows that, as the content ratio of equiaxed crystal de-
creases, the shape of the center segregation zone generating on the continuously cast slab tends to shift from the
common c type shape shown in Fig. 9 to the intermediate shape b type, and to the a type in which the center segregation
zone is separated at the center of the width direction of the slab. The a type, in which the center segregation zone is
separated at the center of the width direction of the slab, is most preferred as the raw material for seamless steel pipe.
[0025] The accurate mechanism for changing into such a shape in which the center segregation zone is separated
at the center of the width direction of the slab due to the decrease of the content ratio of equiaxed crystal is not yet to
be clarified, but the present inventors presume as follows.

[0026] In general, the solidified structure of a slab produced by continuous casting changes from columnar crystals
in the surface layer to equiaxed crystals in the inside. The constitution ratio of the columnar crystals to the equiaxed
crystals differs depending on the forging conditions. The columnar crystals continuously grow from the surface of the
cast slab towards the inside, but the equiaxed crystals grow by nucleation and flotation inside the non-solidified residual
metal melt. Accordingly, the static pressure of the steel melt of the non-solidified metal that functions on the slab during
solidification at continuous casting is supported only by the outer shell (solidified shell) of the columnar crystals con-
tinuously growing inward from the surface, and the equiaxed crystals that are solidifying and floating have no function
on the static pressure of steel melt.

[0027] Thatis, athicker shell can be obtained by increasing the content ratio of columnar crystals instead of increasing
the content ratio of equiaxed crystals, and hence, the expansion, i.e., the so-called bulging phenomenon occurring
due to the static pressure of steel melt during solidification, which is a cause of generating and growing center segre-
gation zone specific to continuous casting slab, can be suppressed. Accordingly, the transportation of solute-enriched
steel melt among crystals due to the fluidization of steel melt residue can be suppressed, and the accumulation of
enriched steel melt can also be prevented from occurring. This results in decreased generation of center segregation
zone. In addition, in case the content ratio of columnar crystals is high, the volume of the residual steel melt that is
present among the easily movable crystal grains also decreases at the portion of final solidification. Thus, even in case
bulging phenomenon should take place, the accumulation of enriched steel melt decreases as to result in a thin finally
solidified center segregation zone. The transportation of solute enriched steel melt generates not only by bulging, but
also by contraction with solidification and by heat shrinkage of the solidified shell; however, in this case again, for
similar reasons, the thickness of the center segregation zone and the solute segregation concentration increase.
[0028] Furthermore, in case of columnar crystals, the solidification proceeds unidirectionally. Thus, the growth rate
of the columnar crystals can be increased by applying intense cooling from the surface of the slab. In contrast to above,
equiaxed crystals show isotropic solidification. Hence, intense cooling from the surface of the slab hardly has effect
on increasing the thickness of the outer shell. Thus, in case forced cooling is applied to the center part in the width
direction of the slab under the conditions as such containing columnar crystals at high ratio, the corresponding central
part of thickness solidifies more rapidly as compared with other portions.

[0029] From the reasons above, in case the content of equiaxed crystals is low, the separation of center segregation
zone is believed to be accelerated by applying forced cooling in the vicinity of the central part in the width direction of
the slab.

[0030] Concerning the casting conditions for suppressing the generation of equiaxed crystals, it is preferred to use
a steel melt the superheating degree thereof inside the tundish is set in a range of 25 to 65°C. In case the superheating
degree of the steel melt is lower than 25°C, equiaxed crystals tend to generate; in case the superheating degree
becomes so high as to exceed 65°C, the rate of solidification decreases as to accelerate the delay in the position of
final solidification due to lowered rate of solidification. This results in an increased formation of center segregation
zone. Accordingly, the superheating degree of steel melt is preferably set in a range of 25 to 65°C.

[0031] Furthermore, continuous casting installations sometimes are equipped with an electromagnetic stirring ap-
paratus for use in electromagnetic stirring of the steel melt inside the casting mold. Application of electromagnetic
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stirring inside a casting mold has excellent effects as such that it accelerates the dissolution of mold powder and induces
homogeneous development of the solidified shell, thereby reducing micro segregation zones on the surface layer of
the slab and preventing the defect generation, such as surface crack, from occurring. On the other hand, however,
although not so affecting as the electromagnetic stirring in the secondary cooling zone, it is known to have a tendency
of increasing equiaxed crystals. Accordingly, electromagnetic stirring in the casting mold is preferably not used, or used
only under conditions as such that it does not considerably increase the content ratio of equiaxed crystals.

[0032] Further, in the secondary cooling zone, the secondary cooling water ratio until complete solidification is set
within a range of from 1.2 to 2.0 I/kg-steel. In case the secondary cooling water ratio is less than 1.2 I/kg-steel, the
cooling ability becomes too low for separating the center segregation zone, or the bulging of the solidified shell becomes
too large as to accelerate the formation of the center segregation zone. On the other hand, in case the secondary
cooling water ratio is greater than 2.0 I/kg-steel, surface cracks occur on the slab or porosities increase at the final
solidification position as to cause fear of generating lamination on making pipes. Furthermore, the shapes of the slab
become non-uniform as to increase cases of processing the slabs before rolling round billets. In view of such facts,
the secondary cooling water ratio until complete solidification is set within a range of from 1.2 to 2.0 I/kg-steel. Further-
more, in the present invention, the quantity of the secondary cooling water in the secondary cooling zone is preferably
set as such that it may be larger at the central portion in the width direction of the slab as compared with that at the
peripheral portion in the width direction of the slab. By thus setting the quantity of the secondary cooling water larger
at the central portion in the width direction of the slab as compared with that at the peripheral portion in the width
direction of the slab, the growth rate of the solidified shell at the central portion in the width direction of the slab increases
as to accelerate the growth of columnar crystals. Thus, it facilitates the separation in the center segregation zone.
Furthermore, the quantity of the secondary cooling water at the central portion in the width direction of the slab is set
as such that, in the entire range of the casting direction of the secondary casting zone, the average in the slab width
direction is preferably 1.3 to 3 times larger than the quantity of the secondary cooling water in the peripheral portion
in the width direction of the slab. Further, in the entire region of secondary cooling zone, the quantity of the secondary
cooling water need not always be larger at the central portion in the slab width direction as compared with that in the
peripheral portion in the slab width direction, but it may be the same at the upstream side of the secondary cooling
zone. As the average value for the slab width direction in the entire region of casting direction in the secondary cooling
zone, the quantity may be larger for the central portion in the slab width direction as compared with that for the peripheral
portion in the slab width direction.

[0033] In this case, the term "central portion of width" refers to the larger one of the portion taken for 0.1 X (length
of slab width) on both sides from the center in the width direction and the portion taken for (slab thickness)/2 on both
sides from the center in the width direction. The term "peripheral portion in the width direction" refers to the portion
remaining after removing the central portion in the width direction and the edge portions in the width direction from the
length of slab width. The edge portion in the width direction refer to the larger one of the portion taken for 100 mm from
the corner to the center in the direction of slab width and the portion corresponding to an area corresponding to the
length of the slab thickness taken from the corner to the center in the direction of slab width.

[0034] In order to more effectively separate the center segregation zone, the thickness ratio of the equiaxed crystals
in the thickness direction at the center part in the width direction of the slab is preferably controlled to 20 % or less.
Since the electromagnetic stirring in the secondary cooling zone tends to hinder the development and growth of co-
lumnar crystals, it is particularly preferred in the present invention not to apply electromagnetic stirring in the secondary
cooling zone.

[0035] In accordance with the method for controlling the casting conditions in the proper range described above, a
region free from porosities and cavities, in which center segregation zone is reduced or extinguished, can be formed
at the central part in the width direction of the slab accounting for 20 % or more without applying pressure forging.
Furthermore, this method is effective in that it needs no economical load for installing and maintaining a pressure
forging equipment.

[0036] The slab above having established the region in the central part of the slab in the width direction, which is
freed from porosities and cavities by pressure welding, and from which center segregation zone is reduced or extin-
guished, is then hot rolled to obtain a round billet of desired dimension.

[0037] By applying the method above, there can be obtained a round billet having a center segregation zone partition
ratio W (%) of 20 % or higher, wherein W is defined by the following equation (1):

W (%) = (Aw/D) X 100 1)

Where, W: center segregation zone partition ratio (%), Aw: the separation width of the center segregation zone at the
center of thickness direction of round billet (mm), and D: total thickness of round billet (outer diameter) (mm). The
definition of the width of center segregation zone at the center of thickness direction of round billet, Aw, is givenin Fig. 7.
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[0038] By controlling the center segregation zone partition ratio W (%) to 20 % or higher, the region containing po-
rosities, cavities, and center segregation zones can be removed from the inner plane on pierce rolling, so as to prevent
inner defects from generating, and to improve the inner plane properties. Furthermore, the shear deformation in the
region containing porosities, cavities, and center segregation zones on pierce rolling can be reduced, such that double-
sheet fractures can be prevented from generating, and that the inside properties can be improved.

[0039] In case W is less than 20%, the positions at which porosities, cavities, and center segregation zones are
present correspond to the region at which large shear deformations generate, and leave fear of generating inner defects
and causing double-sheet fractures inside the thick walls of the steel pipe.

[0040] Based on the aforementioned facts, the center segregation zone partition ratio W was restricted to 20% or
higher, preferably, in a range of from 20 to 60%. In case W is 60% or higher, there occurs fear of generating surface
crack or lamination on making pipes due to the increase in porosity at the position of final solidification. Furthermore,
the shapes of slab become non-uniform as to increase cases of processing the slabs before rolling round billets. Ac-
cordingly, an upper limit was set for W.

[0041] The round billet having the center segregation zone partition ratio W above is then heated to a predetermined
temperature and pierce rolled to obtain a hollow pipe. Preferably, the heating temperature is set in a range of from
1200 to 1300°C. In case the temperature is lower than 1200°C, deformation resistance increases as to make rolling
difficult. On the other hand, if the temperature exceeds 1300°C, there occurs problems as such that hot workability
decreases due to the presence of d ferrites or grain boundary melting, or that the amount of generated oxidation scales
increases. The conditions of piercing are not particularly limited, and there is no problem on employing the conditions
generally known in the art.

[0042] Subsequently, the hollow pipe above is re-heated if necessary, and is expanded to a desired dimension by
reducing the thickness using an elongating mill such as a mandrel mill, plug mill, and the like. The conditions of elon-
gating need not be particularly limited in the present invention, and there is no problem on employing the conditions
generally known in the art.

[0043] After applying elongating, the seamless steel pipe is re-heated if necessary, and is subjected to reducing.
Reducing is performed by using a reducing mill such as a hot stretch reducer, sizer, and the like, so that the outer
diameter may be reduced to provide the steel pipe product of the predetermined dimension. The conditions of reducing
are such of an ordinary pass schedule, and there is no need of limiting it particularly.

Examples

[0044] (Example 1) The steel melt shown in Table 1 was melt in a converter, and after applying vacuum refining,
slabs having a thickness of 260 mm and a width of 750 mm were cast by continuous casting process at a casting rate
of 1.05 m/min. In the continuous casting, pressure forging at a draft of 0 to 5 % was applied over a length of 100 to
300 mm in the central part along the direction of width of the slab at a position in the vicinity of the final solidification
point, more specifically, at a position whose non-solidified matter accounts for 2%.

[0045] The slab thus obtained was then cut, and the cross section was polished and etched, such that it may be
subjected to macroscopic structure observation. Thus was confirmed the presence or absence of a region free of
porosities and cavities, and in which the center segregation zone is reduced or extinguished (center segregation zone
partition region), and measurements were made on the width of the separation region of the center segregation zone,
AB (the separation width of the center segregation zone). Etching was performed by using 36% hydrochloric acid
saturated with ferric chloride.

[0046] The slab thus obtained was heated to 1200°C, and then rolled into a 140 to 260 mm¢ round billet by hot
rolling. The cross section of the resulting round billet was polished and etched for microscopic structure observation.
Thus, porosities, cavities, and the position of center segregation zone were confirmed and the center segregation zone
partition ratio W was calculated.

[0047] The round billet thus obtained was heated to 1250°C, and was piercing by using a piercer to obtain a hollow
pipe. Subsequently, elongating was performed by using a mandrel mill to obtain a steel pipe 172 mm in outer diameter
and 8 mm in wall thickness, and a seamless steel pipe (steel pipe product) 88.9 mm¢ in outer diameter and 6.5 mm
in wall thickness was obtained by using a hot stretch reducer (reducing mill).

[0048] The properties of the inner surface, outer surface and the inside of the thick wall portion of the steel pipe
product thus obtained were investigated on defects visually, with ultrasonic flaw detection and magnetic powder flaw
detection. The properties of the inner and outer surface as well as the inside wall properties were evaluated by counts
of inner and outer surface flaws and double-sheet fractures per 100-m length of the steel pipe product (where, evaluation
is shown by the ratio with respect to a conventional case taken as 100).

[0049] The results are given in Table 2.

[0050] The examples according to the present invention show, even in case of materials difficult for processing, that
the flaws on inner surface walls can be prevented from generating, and that further generation of defects in the inside
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of the wall portion of steel pipes, such as two-sheet fractures, can be prevented from occurring. Thus, the inner surface
properties and inside wall properties are extremely improved as compared with conventional examples. Furthermore,
in the comparative examples falling out of the range of the present invention, the generation of inner surface flaws and
fractures inside the thick wall portion is observed.

[0051] (Example 2) The steel melt of steel composition A shown in Table 1 was molten in a converter, and after
further applying vacuum refining thereto, slabs having a thickness of 260 mm and a width of 750 mm were cast by
continuous casting process at a casting rate of 1.05 m/min.

[0052] Vertical bending-type continuous casting machine was used. The continuous casting machine had a machine
length of 25.6 m and a secondary cooling length of 20 m from the meniscus. Continuous casting was carried out under
conditions shown in Table 3.

[0053] Concerning continuous casting, superheating degree and secondary cooling water ratio were changed as
shown in Table 3, and the quantity of secondary cooling water was varied in the direction of slab width. The variation
in the quantity of secondary cooling water was set in two patterns as shown in Fig. 10; pattern 1 comprises setting
higher in the central part in the slab width (part shown by Wc) as compared with that in the peripheral part in the slab
width direction (part shown by We), and pattern 2 comprises setting constant in the width direction. In the pattern 1 of
the quantity of secondary cooling water, intense cooling is applied to the central part in the slab width direction (the
region (Wc) extended by 0.13B on both sides of the center of width; where B represents the slab width in millimeter)
by increasing the quantity of secondary cooling water by o times as compared with that in the peripheral part in the
slab width direction. In the pattern 1 of the quantity of secondary cooling water, secondary cooling was applied by
setting oo = 1 and We = 100 mm for the range from meniscus to 4.0 m, and o = 2 and We = 200 mm for the range from
4.0 m to 20 m. Average value for the quantity of secondary cooling water is given in Table 3.

[0054] The slab thus obtained was cut, and the cross section perpendicular to the casting direction was polished
and etched, such that it may be subjected to macroscopic structure observation. Thus was confirmed the presence or
absence of a region free of porosities and cavities, and in which the center segregation zone is reduced or extinguished
(center segregation zone partition region) , and measurements were made on the width of the separation region of the
center segregation zone, AB (the separation width of the center segregation zone) .

[0055] The shape of the center segregation zone was classified according to the patterns (a, b, ¢) shown in Fig. 9.
Further, from the macroscopic structure observation, measurements on the content ratio of equiaxed crystals in the
thickness direction at the central part of the slab width.

[0056] The slab thus obtained was rolled into a 190-mm diameter round billet by hot rolling. The cross section of the
resulting round billet was polished and etched for macroscopic structure observation. Thus, porosities, cavities, and
the position of center segregation zone were confirmed, and the center segregation zone partition ratio W was calcu-
lated.

[0057] The round billet thus obtained was heated to 1250°C, and was piercing by using a piercer to obtain a hollow
pipe. Subsequently, elongating was performed by using a mandrel mill to obtain a steel pipe 172 mm in outer diameter
and 8 mm in wall thickness, and a seamless steel pipe (steel pipe product) 88.9 mm¢ in outer diameter and 6.5 mm
in wall thickness was obtained by using a hot stretch reducer (reducing mill).

[0058] Concerning the inner plane properties of the steel pipe product thus obtained, ultrasonic flaw detection was
employed to investigate the defects. The inner plane property was evaluated by the inner plane defect ratio (counts of
defects per 100 m length of steel pipe product). The results are given in Table 3.

[0059] The examples according to the present invention all show decrease in inner plane defects of the seamless
steel pipe as to show improved inner plane properties. On the other hand, it can be understood that inner plane defects
occur frequently on the comparative examples falling out of the range according to the present invention.

Industrial Applicability

[0060] According to the present invention, the flaws on inner walls can be prevented from generating, and further
generation of defects in the inside of the wall portion of steel pipes such as two-sheet fracture can be prevented from
occurring, improvement of yield and productivity of seamless steel pipes can be enhanced and remarkable effects can
be produced in industry.

Table 1
Steel No. Chemical composition (mass %)
C Si Mri S P Cr Mo Others
0.20 | 0.25 | 0.47 | 0.002 | 0.018 | 129 | -
B 0.10 | 0.39 | 0.42 | 0.002 | 0.017 8.7 | 0.98 | V:0.19, Nb:0.08
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Table 2

o | o| Continuous casting of slab |  Slab - Rolling to round Product size | Evaluation of properties(*) Note

% = billet *"

e §, Slab Center Billet Segregation Inner | Wall | Outer

= . . . : N
= | o | thickness | segregation zone | diameter zone Outer diameter | piane | Inside | plane
% % ts/mm | separation width | after rolling | separation X
AB/B x100% D/mmd ratio wall thickness
' . Aw/D x100% | mmé X mm

1 260 0 190 0 889x72 | 100 | 100 | 100 g;‘r‘;‘;’;g‘;"a'
i T

2 260 13 190 16 88.9x 7.2 92| 15| 95 g;"g;’:‘“’e
A Present

3 260 22 190 25 88.9x7.2 57 99 101 Invention
m ' Present

4 260 45 140 49 40.0x7.0 55 101 98 Invention

Present

L o 260 27 190 30 88.9x7.2 60 98 102 Invention

6 260 0 190 0 889x7.2 | 100 | 100 | 100 (E’x":,‘;;'l‘é";“a‘

(*) Relative ratié with respect to Conventional Example 1 taken

as 100
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Claims

A production method for seamless steel pipe comprising producing a round billet by hot rolling a continuously cast
slab, producing a hollow pipe by heating the round billet to a predetermined temperature and piercing, and obtaining
a steel pipe of predetermined size by elongating or further reducing the resulting hollow pipe,

characterized by that a round billet having a center segregation zone partition ratio W (%) of 20 % or higher
is used, wherein W is defined by the following equation (1):

W (%) = (Aw/D) X 100 1)

(Where, W: center segregation zone partition ratio (%), Aw: separation width of the center segregation zone at the
center of thickness direction of round billet (mm), and D: total thickness of round billet (outer diameter) (mm)).

The production method for seamless steel pipe as claimed in Claim 1, wherein, the continuously cast slab is cast
by using a steel melt while setting the superheating degree of the steel melt inside the tundish in a range of 25 to
65°C, and, while setting the quantity of the secondary cooling water at the central portion in the width direction of
the slab larger than that at the peripheral portion in the width direction of the slab, by adjusting the secondary
cooling water ratio until complete solidification within a range of from 1.2 to 2.0 I/kg-steel.

The production method for seamless steel pipe as claimed in Claim 1, wherein, the continuously cast slab is cast
by using a steel melt while setting the superheating degree of the steel melt inside the tundish in a range of 25 to
65°C, and, while setting the quantity of the average secondary cooling water at the central portion in the width
direction within the entire area of the casting direction of the secondary cooling zone 1.3 to 3.0 times as large as
that at the peripheral portion in the width direction of the slab, by adjusting the secondary cooling water ratio until
complete solidification within a range of from 1.2 to 2.0 I/kg-steel.

The production method for seamless steel pipe as claimed in Claim 1, wherein, the thickness ratio of the equiaxed
crystal ratio in the thickness direction at the width center part of the continuously cast slab accounts for 20 % or less.

11
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FIG. 2
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FIG. 3
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