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Description

[0001] The present invention relates to a process for
producing a multilayer pipe having a metallurgical bond
from at least one inner pipe and one outer pipe by means
of at least one hot mechanical forming step. The pipes
produced by this method typically have a corrosion-re-
sistant layer, which enables their use in highly corrosive
environments and a pipe with a high mechanical strength.

Description of the Prior Art

[0002] Multilayer pipes, such as pipes having a metal-
lurgical bond (also known as "clad pipes") and pipes hav-
ing a mechanical bond (also known as "lined pipes"), as
well as their processes of manufacturing are object of
current industrial development, said coated pipes being
mainly used in the oil industry wherein there may be
strong mechanical stress and highly corrosive environ-
ments. The internally circulating fluid may promote a
chemical attack to the pipe, requiring the use of corrosion-
resistant alloys.
[0003] According to the definition provided in the stand-
ards DNV-OS-F101 and API 5LD, a clad pipe consists
of an outer pipe having a corrosion-resistant inner layer,
where the bond between these materials is metallurgical.
According to the definition provided in the standards DNV
OS F101 and API 5LD, a lined pipe consists of an outer
pipe having a corrosion-resistant inner layer, where the
bond between these materials is mechanical.
[0004] The prior art contains several processes for
manufacturing clad pipes, generally including a material
preparation step, an optional layer step and a cladding
step. Two well-known processes used in industrial scale
for large production batches are cladding by rolling and
overlay welding.
[0005] In the cladding process by sheet rolling, the
sheet rolling of two different materials is made simulta-
neously, said process originating one single clad sheet.
This sheet is then treated, formed and welded longitudi-
nally originating the seam clad pipe.
[0006] In the cladding process by overlay welding, the
materials are joined by deposition of fillet welds through-
out the inner pipe surface. The material used in the fillet
weld is normally a corrosion-resistant alloy. The weld
deposition process enables a metallurgical bond be-
tween the inner and outer materials of the clad pipe.
[0007] Document GB2085330, which forms the basis
for the preamble of claim 1, discloses a method of pro-
ducing clad pipes comprising a first cold-drawing to ob-
tain good mechanical bonding between an inner pipe and
an outer pipe. Then, the intermediate product undergoes
a heating step in a furnace, where the two pipes are bond
together. Subsequently, the intermediate product is sub-
jected to a hot working step for shaping the final product
by pressing or rolling. In this document, the manufactur-
ing process of clad pipes further comprises a step of pre-
paring surfaces that come into contact in cold drawing.

This step consists of the cleaning of surfaces that come
into contact through polishing. Alternatively, this step
may comprise shot blasting of the surfaces that come
into contact, instead of polishing.
[0008] Also according to document GB2085330,
where the difference in the thermal expansion coefficient
between the inner and outer pipes is large, the bonded
pipe ends are welded to prevent intrusion of air between
the materials that form the bonded pipe, as the air intru-
sion may affect the quality of the pipes. Normally, a final
step of rolling is also required, after cold and hot forming.
Document US3598156 discloses a method of producing
a bimetal tubing having a joint metal, which carries out
the metallurgical bonding between an inner pipe and an
outer pipe. In the process described in said document,
cold expansion of the inner pipe is performed with a ta-
pered mandrel, ensuring a strong bond between the three
metal layers. Then, the pipe is heated by an electromag-
netic induction coil, causing the inner pipe with a higher
coefficient of expansion to expand more than the outer
pipe, exerting great pressure on the joint intermediate
layer. This joint layer melts, without melting the inner and
outer pipes, and subsequently it solidifies again, leading
to the metallurgical bond between inner and outer pipes.
The document does not suggest a subsequent hot draw-
ing step.
[0009] Moreover, this document also discloses that,
before cold drawing, a step of chemical treatment and/or
polishing of the outer surface of the inner pipe and of the
inner surface of the outer pipe is carried out. However,
it does not suggest blasting of these surfaces to increase
the surface roughness and the contact force. As it is a
clad pipe, that is, two pipes metallurgically bond together,
it is not necessary to increase the surface roughness and
the mechanical strength of the bond between the pipes,
which would be important to lined pipes. However, an
improvement of the clad product with this treatment may
also be obtained.
[0010] Document JPH02187280 discloses a process
for uniformly joining an inner and outer pipes at high
strength which comprises a first step of winding a strip-
state insert material as spiral-state at the prescribed over-
lapping on the inner circumferential face of the inner pipe,
and then a second step of inserting this inner pipe into
the outer pipe to make the duplex raw pipe. The duplex
raw pipe is extruded with the die while heating at just
below melting point of the insert material by using high
frequency heating coil at the inlet side of the die. As the
insert material 2, for example an amophous foil having
about 50mum thickness is used. By this method, the du-
plex pipe can be manufactured at extremely simple. This
process does not describe a process for producing a mul-
tilayer pipe by directly providing a metallurgical bond be-
tween inner and outer tubes in a single step.
[0011] The processes of cladding concentric pipes pre-
sented in the prior art always comprise preparatory steps,
a step of forming or depositing weld material, which step
results in a metallurgical bond between the pipes, and a
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finishing step, which is generally a step between lamina-
tion, pressing, rolling, extrusion or codrawing.
[0012] None of the prior art processes discloses the
production of clad pipes in only one forming step, without
a finishing step. In addition, none of the processes of the
prior art presents the possibility of implementing all stag-
es on a single production line without needing to move
the pipe from one bench to the another between steps
or moving the heated pipes from inside the furnace to
the production line, which burdens the process and the
speed of production and labor. None of the prior art doc-
uments discloses a seamless multilayer pipe having a
metallurgical bonding.

Brief Description of the Invention

[0013] The objects of the invention are achieved by a
process for producing a multilayer pipe having a metal-
lurgical bond from a tubular element comprising at least
one outer pipe of metallic material and one inner pipe of
metallic material arranged inside the outer pipe according
to claim 1.
[0014] Preferably the outer pipe consists of a carbon
manganese steel alloy and the inner pipe consists of a
corrosion-resistant alloy.
[0015] Preferably, each section of the tubular element
is heated at a temperature of at least 900°C when
crossing ; the electromagnetic coil, arranged in the pro-
duction line. Also preferably, in the steps of heating and
drawing, the tubular element is heated to a temperature
between 950° and 1050°C.
[0016] The drawing step may comprise decreasing the
wall thickness of the tubular element by compression of
the tubular element between the drawing die and the
mandrel.
[0017] The process may further comprise, after the
drawing step, at least one thermal treatment step wherein
the tubular element is subjected to cooling. A step of cold
drawing with optional previous lubrication of the inner
surface of the inner pipe and the outer surface of the
outer pipe can also be carried out in order to improve the
geometric tolerance and the surface finish. Furthermore,
an additional step of bending of the tubular element after
drawing can be carried out.
[0018] A multilayer pipe having a metallurgical bond
produced by the process according to the invention may
be multilayer pipe comprising at least one outer pipe of
metallic material and one inner pipe of metallic material
arranged inside the outer pipe, the inner surface of the
outer pipe being metallurgically bonded to the outer sur-
face of the inner pipe, the outer pipe being composed by
a carbon manganese steel and the inner pipe consisting
of a corrosion-resistant alloy.
[0019] The inner pipe of metallic material may be made
of a material comprising at least one of carbon steel, low
alloy steel, high alloy steel, stainless steel, nickel base
alloy, titanium base alloy, cobalt base alloy, copper base
alloy, tin base alloy and zirconium base alloy. The outer

and inner pipes are preferably seamless pipes.
[0020] The multilayer pipe may comprise an additional
outer layer externally arranged to the outer pipe, the outer
layer being made of a second outer pipe having an inner
diameter larger than the outer diameter of the outer pipe
and being metallurgically bonded to the outer pipe. The
outer layer is preferably formed of a corrosion-resistant
alloy, abrasion-resistant alloy and fatigue-resistant alloy.
In the multilayer pipe, there may be up to 100% metal-
lurgical bond between the outer pipe and the inner pipe.

Brief Description of the Drawings

[0021] The present invention will be further described
in more details based on one example of execution rep-
resented in the drawings. The figures show:

Figure 1 - a schematic view of a first embodiment of
the hot drawing step of the process for producing a
multilayer pipe of the present invention;
Figure 2 -a block diagram of steps according to the
present invention;
Figure 3 - a schematic view of a second embodiment
of the hot drawing step of the process for producing
a multilayer pipe of the present invention;
Figure 4 - picture of the interface between the me-
chanically bonded pipes, produced by the process
of the present invention, associated with a diagram
of the concentration of the iron and nickel elements
in the interface between the pipes; and
Figure 5 - picture of the interface between the pipes
of an embodiment of the drawn multilayer pipe hav-
ing a metallurgical bond produced by the process of
the present invention, associated with a diagram of
the concentration of the iron and nickel elements in
the interface between the pipes.

Detailed Description of the Drawings

[0022] As may be seen in Figures 1 to 5, the present
invention relates to a process for producing a multilayer
pipe having a metallurgical bond 1 from a tubular element
comprising at least one outer pipe of metallic material 10
and one inner pipe of metallic material 20, such that the
pipe produced by the process is a multilayer pipe com-
prising at least one outer layer made of the outer pipe 10
being at least partially metalurgically bonded to the inner
layer made of the inner pipe 20. The tubular element may
alternatively comprise initially more than two pipes, gen-
erating one pipe 1 with multiple layers being at least par-
tially metallurgically bonded to each other.
[0023] The multilayer pipe produced by this process
may be a clad pipe, when the bonding between the layers
forming the multiplayer pipe produced with the process
of the present invention meets the minimum require-
ments of norms ASTM A578 and API 5LD, that is, any
non-clad area on the surface of the pipe may not exceed
a diameter of 25mm inside a scanned area of a 225 by
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225mm square centered on an indication of a disconti-
nuity. Moreover, the pipe should not have any non-clad
area within a distance of 100mm from the pipe end. Ac-
cording to the present invention, the clad pipe may be
manufactured by the process according to the invention
with up to 100% cladding between the outer pipe 10 and
the inner pipe 20.
[0024] The pipes that constitute the tubular element
are preferably seamless pipes. In this case, the multilayer
pipe produced by the process according to the invention
is also seamless. In alternative embodiments of the in-
vention, the outer pipe 10 may be a seamless pipe, and
the inner pipe 20 may be a welded seam pipe.
[0025] The inner pipe 20 is preferably made of a cor-
rosion-resistant alloy (CRA) and is initially arranged with-
in the outer pipe 10, forming a kind of coating for the
latter. The inner pipe may also be made of abrasion-re-
sistant alloys (WRA), or to fatigue-resistant alloys. Typ-
ically, the outer pipe 10 is responsible for providing me-
chanical strength to the final multilayer pipe. It is also
important that the inner surface of the outer pipe 10 is
mechanically bonded to the outer surface of the inner
pipe 20 so that there is no oxygen between the two pipes.
The presence of oxygen at the interface between the
pipes can cause the production of oxides which generate
corrosion and could prevent good cladding between the
pipes. The tubular element comprising pipes mechani-
cally bonded together can be called a lined pipe.
[0026] The formation of the mechanical bond between
the pipes can be made by any method in the art, such
as mechanical forming steps by mechanical expansion,
extrusion, cold drawing, rolling, among others. Prefera-
bly, before the mechanical bond forming step between
the pipes, a blasting step is performed on the inner sur-
face of the outer pipe 10 and on the outer surface of the
inner pipe 20, which will be mechanically bonded togeth-
er. These surfaces are preferably blasted with steel shots
in order to increase their roughness and optimize the
contact force between the materials, thus improving the
mechanical bonding between the pipes. The use of steel
shots in blasting is advantageous because as the shots
are made of steel, they do not contribute to the increase
of impurities on the surface of the pipe.
[0027] The mechanical bond between the outer pipe
10 and the inner pipe 20 constituting the lined pipe 1
according to an example of the product of the invention
can be seen in Figure 4. This figure contains an (un-
etched) cross-section microscopic picture of the interface
of the junction between the pipes, wherein the outer pipe
10 is shown on the left side in a darker shade of gray and
the inner pipe 20 is shown on the right side in a lighter
shade of gray. The interface between the pipes in a sec-
tion corresponding to the upper smaller box is represent-
ed in terms of the concentration of the materials of both
pipes in the diagram below it. This diagram is an enlarged
version of said interface section, in which the ordinate
axis represents the concentration of each element in
mass percent and the abscissa represents the position

in the lined pipe in the direction perpendicular to the in-
terface. The diagram shows the concentration of the el-
ements iron (Fe) and nickel (Ni) in the X direction in the
interface region between the pipes in the lined pipe. The
solid line represents the concentration of Iron which, ac-
cording to one embodiment of the invention, is one of the
main constituents of the outer pipe 10. The dashed line
represents the concentration of Nickel in this interface
region, wherein Nickel is a major element of the inner
pipe 20 according to this embodiment of the invention.
The abrupt change of the concentration of iron and nickel
occurs in the same position of the graph representing the
interface region between the pipes. This means that there
was no remarkable diffusion between the materials of
the two pipes, so that there is only a mechanical bond
between them, with no metallurgical bond, that is, no
cladding. Figure 2 shows a flowchart of a preferred em-
bodiment of the process according to the invention. After
the mechanical bonding of the pipes and before the hot
drawing, the process of the invention preferably compris-
es a step of lubrication of the inner surface of the inner
pipe 20, which will contact the mandrel 2 and the outer
surface of the outer pipe 10, which will contact the draw-
ing die 4 during the hot-drawing step. This lubrication
may also be performed during the drawing step. The cir-
culation of the lubricant 11 is shown in Figures 1 and 3.
Lubrication is effected in order to reduce the friction re-
sulting from contact of the tubular element with the draw-
ing die and with the mandrel. The lubricant 11 used is
preferably based on a mixture of water and graphite, or
any lubricant for high-temperature processes, like the
hex- α-BN. This lubricant has the advantage that it does
not modify the surface chemical composition of the pipes.
[0028] In the process according to the invention, so
that a metallurgical bond is formed between the outer
pipe 10 and the inner pipe 20, at least one hot-drawing
step 22 is carried out, and the steps of heating and draw-
ing the pipe are carried out simultaneously in the same
production line. Thus, each portion of the tubular element
is subjected, in the same production line, to an induction
heating, and subsequently to a hot-drawing. The drawing
takes place with the aid of a mandrel 22 located inside
the tubular element.
[0029] The hot drawing step is preferably performed 1
to 5 times, at a speed varying from 0,1 - 5,0 m/min and
at a temperature varying from 800 - 1300°C.
[0030] Since the drawing die opening 4 has a smaller
diameter than the tubular element to be pulled through
it, before drawing, the tubular element is preferably sub-
jected to a step of pointing, wherein the pipe end is
shaped in order to have its outer diameter reduced, so
that it can be initially pulled through the drawing die open-
ing 4. In a preferred embodiment of the invention, the tip
of the tubular element is heated in the line or in a furnace
and then is shaped to assume the diameter and size re-
quired for its traction through the drawing die. Pointing
may also be made by cold forging.
[0031] In the heating step for performing hot-drawing,
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the tubular element is pulled through the inside of at least
one electromagnetic coil 7 arranged in the production
line, so that each pipe section, when crossing the coil, is
heated by induction through the Joule Effect, reaching a
minimum temperature of 900°C at the outlet of the coil,
and preferably in the range of 950°C to 1050°C, depend-
ing on the geometry of the pipe, the length to be produced,
the materials used, the reduction applied, among others.
[0032] Then the hot tubular element is pulled through
drawing die 4 arranged sequentially in the output the elec-
tromagnetic coil 7 in the same production line. When the
tubular element crosses the drawing die 4, the mandrel
2 is arranged inside the tubular element in alignment with
a drawing die opening 4.
[0033] In the drawing step, the wall thickness of the
tubular element may be decreased by compression of
the tubular element between the drawing die 4 and the
mandrel 2. This compression parameter of the tubular
element and the thickness of the final pipe may be ad-
justed in function of the final product to be obtained. If
necessary, in the process according to the invention,
more than one cold- or hot-drawing step may be per-
formed, so that the pipe reaches the desired dimensions.
[0034] In a preferred embodiment of the invention, the
hot-drawing step is performed on a drawing bench shown
in Figure 1, in which the end of the tubular element is
pulled by a car in the direction of arrow F shown in Figure
1, causing the tubular element to pass through the elec-
tromagnetic coil 7 and the drawing die 4, with a mandrel
2 secured to a connecting rod 3 arranged within the tu-
bular element. The mandrel 2 is located inside the draw-
ing die opening so that the tubular element passes be-
tween the mandrel 2 and the drawing die 4. The drawing
equipment can be cooled by water circulation 12 between
its components, as can be seen in Figures 1 and 3.
[0035] The use of an electromagnetic induction coil for
heating of the pipe is advantageous because it allows
one to verify homogenous temperature of the pipe during
heating and dynamically control the other process pa-
rameters for due correction, such as speed of the bench
and power of the coil. Furthermore, heating with this coil
carried out simultaneously with the drawing step provides
higher heating rates than those obtained by other heating
means. These high heating rates prevent a possible grain
growth, might occur during a conventional heating if the
material is exposed for a long time at high temperatures.
[0036] Another advantage of heating by induction ac-
complished in the present invention is that the electro-
magnetic induction coil is easy to install in the line, and
this movable coil eliminates the need for handling hot
pipes, which has a direct impact on safety, and also in-
creases the speed of pipe production, because it elimi-
nates the need to transport the pipes from the furnace to
the production line. Moreover, heating by induction elim-
inates the need to burn fuel gas for heating the pipes in
furnaces.
[0037] After hot-drawing, the pipe can be subjected to
at least one step of bending when it is desired to produce

a curved pipe with a specific format.
[0038] The process according to the invention may fur-
ther comprise heat treatment steps after the steps of
heating and hot drawing, with the purpose of adjusting
material properties. These heat treatment steps depend
on the mechanical and metallurgical properties of the
multilayer pipe 1 that may need adjustment. Some ma-
terials may lose some of their mechanical, metallurgical
and corrosion properties during the production steps.
These additional thermal treatments may, therefore, be
performed, in order to restore the mechanical, metallur-
gical and corrosion properties of the pipe, for example,
when the pipes 10 and 20 are made of X65 steel and
Inconel®. In preferred embodiments of the invention, in
the heat treatment step, the multilayer pipe is subjected
to a cooling or a quenching and tempering step, which
contributes to adjusting the mechanical, metallurgical
and corrosion properties of the pipe.
[0039] Figure 3 schematically shows an embodiment
of the invention in which a cooling equipment 8 of the
pipes is arranged in series at the output of the drawing
die 4. Forms of cooling are determined according to the
final parameters of the multilayer pipe to be obtained.
[0040] Cooling can be effected, for example, on a
bench lined with refractory material, to maintain high tem-
peratures and allow diffusion for a long time, or using
industrial fans promoting forced convection cooling to in-
crease the mechanical strength of the outer pipe and
avoid restrictions during the process. Cooling may also
simply be to the atmospheric air or any other cooling
means for adjusting the properties of the material.
[0041] A step of cold drawing may also be performed
after the hot drawing in order to improve the geometric
tolerance and the surface finish. If this cold drawing is
performed, a previous lubrication of the inner surface of
the inner pipe and the outer surface of the outer pipe may
also be carried out. Otherwise, the graphite remaining
from the hot drawing steps may serve as lubricant for
reducing friction.
[0042] Importantly, after the drawing, no additional
subsequent rolling steps are required, unlike the prior-
art processes. Figure 5 contains a microscopic cross-
sectional picture of the interface of the junction between
the multilayer pipes according to an exemplary product
of the invention, in the parts of the final multilayer pipe 1
were a metallurgical bonding is formed, wherein the outer
pipe 10 is shown on the left side in a darker shade of
gray and the inner pipe 20 is shown on the right side in
a lighter shade of gray. The interface between the inner
pipe and the outer pipe is virtually extinguished, charac-
terizing metallurgical bonding in these parts of the pipe.
The interface between the pipes in a section correspond-
ing to the upper smaller box is represented in terms of
the concentration of the materials of both pipes in the
diagram below it. This diagram is an enlarged version of
said interface section, in which the ordinate axis repre-
sents the concentration of each element in mass percent
and the abscissa represents the position inside the mul-
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tilayer pipe. As in Figure 4, this diagram shows the con-
centration of the elements iron (Fe) and nickel (Ni) in the
X direction in the interface region between the pipes in
the parts where a metallurgical bonding is formed. The
solid line represents the concentration of iron, represent-
ing the outer pipe 10, and the dashed line corresponds
to the concentration of nickel representing the inner pipe
20 according to one embodiment of the invention. Note
that the variation of concentration of iron and nickel is
smoother, providing a diffusion zone in which the two
mentioned elements and thereby the materials of inner
and outer pipes mix. This means that there was metal-
lurgical bonding, that is, cladding between the pipes. A
thicker and more homogeneous diffusion zone common-
ly leads to a better cladding.
[0043] Alternatively, after cooling the pipe, a verifying
step of the metallurgical bond between the pipes may be
performed, for confirmation that cladding occurred. The
verification may be destructively by cutting a section of
the pipe, for example, at intervals of 90° to verify whether
in all of these pieces the outer and inner pipes remain
attached. Verification can also be non-destructively,
through inspection by Ultrassonic testing, analysis of the
microstructure, cross sectional analysis of the interface,
SEM/EDX or GDOES testing, among others, to check if
a metallurgical clad was obtained at least in a part of the
pipe produced by the process according to the invention.
[0044] The process according to the present invention
has a much higher performance when compared with the
processes of the prior art, since it does not require any
displacement of the pipe or of the inner and outer pipes
within the manufacturing installations other than the
drawing equipment itself. And in view of the simplicity of
the process and the reduced number of steps, it is pos-
sible to produce a high amount of multilayer pipes within
a small period, with an estimated productivity higher than
100 m/h.
[0045] A multilayer pipe having a metallurgical bond
produced by the process described herein is a multilayer
pipe comprising at least an outer layer formed from the
outer pipe 10 that is metallurgically bonded to an inner
layer formed from an inner pipe 20 in at least parts of the
interface between these two pipes. Alternatively, the mul-
tilayer pipe may comprise multiple layers having a met-
allurgical bond externally and internally to the pipe 10 in
at least a part of their surfaces, which are responsible for
providing mechanical strength to the final multilayer pipe.
These layers are preferably made from seamless pipes
arranged externally to the outer pipe 10 and subjected
to the hot drawing process described herein. The inner
pipe 20 and the outer pipe 10 are preferably seamless,
so as to prevent the multilayer pipe produced from having
seams on its surface.
[0046] In one embodiment the outer pipe 10, which typ-
ically provides mechanical strength consists of a carbon
manganese steel alloy, and the inner pipe 20 consists of
a corrosion-, abrasion- or fatigue-resistant alloy.
[0047] According to one embodiment of the invention,

the outer pipe 10 may have the following chemical com-
position:

C ≤ 0,30
Mn ≤ 1,40
P ≤ 0,030
S ≤ 0,030
Cu ≤ 0,5
Cr ≤ 0,5
Ni ≤ 0,5
Mo ≤ 0,15
Nb+V+Ti ≤ 0,15

and the following mechanical properties before and after
the process according to the invention (YS = yield
strength and UTS = tensile strength):

360 MPa < YS < 830 MPa
455 MPa < UTS < 935 MPa
minimum elongation εmin = 15%.

[0048] The corrosive environment for the corrosion-re-
sistant alloy of the inner pipe 20 corresponds to environ-
ment levels I - VII of the International Standard NACE
MR0175.
[0049] As explained above, other pipes of corrosion-
resistant alloy (CRA) or abrasion-resistant alloy (WRA)
or fatigue-resistant alloy may be applied on the outer
pipe, constituting additional outer layers. The inner pipe
20 and/or the pipes used for external cladding may be
made of a material comprising at least one of carbon
steel, low alloy steel, high alloy steel, stainless steel, nick-
el base alloy, titanium base alloy, cobalt base alloy, cop-
per base alloy, tin base alloy, zirconium base alloy and
Inconel®.
[0050] The multilayer pipe produced by this process is
a clad pipe, when the bonding between the layers forming
the multilayer pipe meets the minimum requirements of
norms ASTM A578 and API 5LD as described above.
According to the present invention, the clad pipe may
achieve up to 100% cladding between the outer pipe 10
and the inner pipe 20.
[0051] The dimensions of the multilayer pipe produced
by the process of the present invention will depend on
the application thereof. According to one embodiment of
the present invention, the pipes may have an outer di-
ameter dext varying from 50,80 mm < dext < 355,6 mm,
and a wall thickness WT varying from 5,0 mm < WT <
30,0 mm, wherein the minimum wall thickness of the pipe
of the corrosion resistant alloy for linepipe applications
is WTmin-CRA = 2,50 mm.
[0052] The total deformation values of the final pipe
when compared to the initially assembled pipes before
the production process according to the invention are the
following:

Outer diameter deformation: 0,1 to 20%
Wall thickness deformation: 0,1 to 40%
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Wall section area deformation: 0,1 to 40%

[0053] The example described above represents a
preferred embodiment; however, it should be understood
that the scope of the present invention encompasses oth-
er possible variations, and is limited only by the content
of the appended claims.

Claims

1. A process for producing a multilayer pipe having a
metallurgical bond (1) from a tubular element com-
prising at least one outer pipe (10) of metallic material
and one inner pipe (20) of metallic material arranged
within the outer pipe, the inner surface of the outer
pipe (10) being mechanically bonded directly to the
outer surface of the inner pipe (20) at least in parts
of their interface so that there is no oxygen between
the inner and outer pipes, the process characterized
in that:

in a production line, the tubular element is simul-
taneously heated and drawn, wherein each por-
tion of the tubular element is subjected to heat-
ing by induction and then to hot drawing and
wherein the tubular element is drawn with a
mandrel located inside it,
in the heating and drawing steps, the tubular el-
ement is pulled through the inside of at least one
electromagnetic coil (7), where it is heated, and
is pulled through a drawing die sequentially ar-
ranged at the outlet of the electromagnetic coil
(7), with the mandrel (2) positioned within the
tubular element in alignment with a drawing die
opening (4).

2. The process, according to claim 1, characterized in
that the outer pipe (10) consists of a carbon man-
ganese steel alloy and the inner pipe (20) consists
of a corrosion-resistant alloy.

3. The process, according to claim 1 or 2, character-
ized in that each section of the tubular element is
heated at a temperature of at least 900°C when
crossing said electromagnetic coil (7), arranged in
the production line.

4. The process, according to one of claims 1 to 3, char-
acterized in that, in the heating and drawing steps,
the tubular element is heated to a temperature be-
tween 950°C to 1050°C.

5. The process, according to one of claims 1 to 4, char-
acterized in that the drawing step comprises de-
creasing the wall thickness of the tubular element by
compression of the tubular element between the
drawing die (4) and the mandrel (2).

6. The process, according to one of claims 1 to 5, char-
acterized in that, after the drawing step, the process
further comprises at least one thermal treatment
step, wherein the tubular element is subjected to
cooling.

Patentansprüche

1. Verfahren zur Herstellung eines mehrschichtigen
Rohres, das eine metallurgische Bindung (1) auf-
weist, aus einem rohrförmigen Element, mindestens
ein äußeres Rohr (10) aus metallischem Material
und ein inneres Rohr (20) aus metallischem Material
umfassend, das innerhalb des äußeren Rohres an-
geordnet ist, wobei die Innenfläche des äußeren
Rohres (10) mechanisch direkt an die Außenfläche
des inneren Rohres (20) mindestens an Teilen ihrer
Schnittstelle gebunden ist, sodass kein Sauerstoff
zwischen dem inneren und äußeren Rohr vorhanden
ist, wobei das Verfahren dadurch gekennzeichnet
ist, dass:

das rohrförmige Element in einer Produktionsli-
nie gleichzeitig erhitzt und gezogen wird, wobei
jeder Abschnitt des rohrförmigen Elements ei-
nem Erhitzen durch Induktion unterzogen wird,
und danach einem Warmziehen, und wobei das
rohrförmige Element mit einem Dorn gezogen
wird, der sich darin befindet,
das rohrförmige Element bei den Erhitzungs-
und Ziehschritten durch die Innenseite mindes-
tens einer elektromagnetischen Spule (7) gezo-
gen wird, wo es erhitzt wird, und durch einen
Ziehstein hindurch gezogen wird, der sequenzi-
ell am Auslass der elektromagnetischen Spule
(7) mit dem Dorn (2) angeordnet ist, der inner-
halb des rohrförmigen Elements in Ausrichtung
mit einer Ziehsteinöffnung (4) positioniert ist.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das äußere Rohr (10) aus einer Koh-
lenstoff-Mangan-Stahllegierung besteht und das in-
nere Rohr (20) aus einer korrosionsbeständigen Le-
gierung besteht.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass jede Sektion des rohrförmigen
Elements auf eine Temperatur von mindestens
900°C erhitzt wird, wenn sie die elektromagnetische
Spule (7) kreuzt, die in der Produktionslinie ange-
ordnet ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass das rohrförmige Ele-
ment in den Erhitzungs- und Ziehschritten auf eine
Temperatur zwischen 950°C bis 1050°C erhitzt wird.
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5. Verfahren nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass der Ziehschritt eine
Abnahme der Wanddicke des rohrförmigen Ele-
ments durch Komprimieren des rohrförmigen Ele-
ments zwischen dem Ziehstein (4) und dem Dorn (2)
umfasst.

6. Verfahren nach einem der Ansprüche 1 bis 5, da-
durch gekennzeichnet, dass das Verfahren nach
dem Ziehschritt weiter mindestens einen thermi-
schen Behandlungsschritt umfasst, bei dem das
rohrförmige Element einer Kühlung unterzogen wird.

Revendications

1. Procédé pour produire un tube multicouche ayant
une liaison métallurgique (1) à partir d’un élément
tubulaire comprenant au moins un tube extérieur
(10) en matériau métallique et un tube intérieur (20)
en matériau métallique agencé à l’intérieur du tube
extérieur, la surface intérieure du tube extérieur (10)
étant mécaniquement liée directement à la surface
extérieure du tube intérieur (20) au moins dans des
parties de leur interface de sorte qu’il n’y a pas d’oxy-
gène entre les tubes intérieur et extérieur, le procédé
étant caractérisé en ce que :

dans une ligne de production, l’élément tubulai-
re est simultanément chauffé et étiré, dans le-
quel chaque portion de l’élément tubulaire est
soumise à un chauffage par induction et ensuite
à un étirage à chaud et dans lequel l’élément
tubulaire est étiré avec un mandrin positionné à
l’intérieur de lui,
aux étapes de chauffage et d’étirage, l’élément
tubulaire est tiré à travers l’intérieur d’au moins
une bobine électromagnétique (7), où il est
chauffé, et est tiré à travers une matrice d’étirage
agencée séquentiel-lement à la sortie de la bo-
bine électromagnétique (7), avec le mandrin (2)
positionné à l’intérieur de l’élément tubulaire en
alignement avec une ouverture de matrice d’éti-
rage (4).

2. Procédé selon la revendication 1, caractérisé en ce
que le tube extérieur (10) est constitué d’un alliage
d’acier au carbone-manganèse et le tube intérieur
(20) est constitué d’un alliage résistant à la corrosion.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que chaque section de l’élément tubulaire est
chauffée à une température d’au moins 900 °C en
traversant ladite bobine électromagnétique (7),
agencée dans la ligne de production.

4. Procédé selon une des revendications 1 à 3, carac-
térisé en ce que, aux étapes de chauffage et d’éti-

rage, l’élément tubulaire est chauffé jusqu’à une tem-
pérature entre 950 °C et 1050 °C.

5. Procédé selon une des revendications 1 à 4, carac-
térisé en ce que l’étape d’étirage comprend de ré-
duire l’épaisseur de paroi de l’élément tubulaire par
compression de l’élément tubulaire entre la matrice
d’étirage (4) et le mandrin (2).

6. Procédé selon une des revendications 1 à 5, carac-
térisé en ce que, après l’étape d’étirage, le procédé
comprend en outre au moins une étape de traitement
thermique, dans laquelle l’élément tubulaire est sou-
mis à un refroidissement.
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