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Description

[0001] The present invention relates to a method of
producing a flexible pipe body for transporting production
fluids from a sub-sea location. Traditionally flexible pipe
is utilised to transport production fluids, such as oil and/or
gas and/or water, from one location to another. Flexible
pipe is particularly useful in connecting a sub-sea location
(which may be deep underwater, say 1000 metres or
more) to a sea level location. The pipe may have an in-
ternal diameter of typically up to around 0.6 metres. Flex-
ible pipe is generally formed as an assembly of a flexible
pipe body and one or more end fittings. The pipe body
is typically formed as a combination of layered materials
that form a pressure-containing conduit. The pipe struc-
ture allows large deflections without causing bending
stresses that impair the pipe’s functionality over its life-
time. The pipe body is generally built up as a combined
structure including metallic and polymer layers.
[0002] Unbonded flexible pipe has been used for deep
water (less than 3,300 feet (1,005.84 metres)) and ultra
deep water (greater than 3,300 feet) developments. It is
the increasing demand for oil which is causing explora-
tion to occur at greater and greater depths where envi-
ronmental factors are more extreme. For example in such
deep and ultra-deep water environments ocean floor
temperature increases the risk of production fluids cool-
ing to a temperature that may lead to pipe blockage. In-
creased depths also increase the pressure associated
with the environment in which the flexible pipe must op-
erate. As a result the need for high levels of performance
from the layers of the flexible pipe body is increased.
[0003] Flexible pipe may also be used for shallow water
applications (for example less than around 500 metres
depth) or even for shore (overland) applications.
[0004] In flexible pipes there are often used polymer
layers, such as PVDF (polyvinylidene fluoride), that may
be formed by extrusion. Most polymers will have a certain
maximum allowable strain above which the risk of dam-
age to the material is much greater. In flexible pipes
where a polymer layer lies adjacent an armour layer (such
as a polymer barrier layer adjacent a metallic pressure
armour layer), the polymer layer may be subjected to
quite severe non-uniform, highly localised strain. This is
because the armour layer is usually formed from inter-
locking wires of certain cross section, and there are cer-
tain gaps between adjacent windings. The polymer layer
tends to deform and creep into the gaps when under pres-
sure.
[0005] For example, it will be understood that a flexible
pipe is an assembly of a portion of a pipe body and one
or more end fittings in each of which a respective end of
the pipe body is terminated. Fig. 1 illustrates how pipe
body 100 may be formed from a combination of layered
materials that form a pressure-containing conduit. It is to
be noted that the layer thicknesses are shown for illus-
trative purposes only.
[0006] As illustrated in Fig. 1, a pipe body may include

an optional innermost carcass layer 101. The carcass
provides an interlocked construction that can be used as
the innermost layer to prevent, totally or partially, collapse
of an internal pressure sheath 102 due to pipe decom-
pression, external pressure, and tensile armour pressure
and mechanical crushing loads. As is known in the tech-
nical field, there are ’smooth bore’ operations (i.e. without
a carcass) as well as ’rough bore’ applications (with a
carcass). The carcass layer may be formed from helically
wrapped metallic tape having a shaped cross section to
allow interlocking of adjacent wrapped tape portions.
[0007] The internal pressure sheath 102 acts as a fluid
retaining layer and comprises a polymer layer that en-
sures internal fluid integrity. It is to be understood that
this layer may itself comprise a number of sub-layers. It
will be appreciated that when the optional carcass layer
is utilised the internal pressure sheath is often referred
to by those skilled in the art as a barrier layer. In operation
without such a carcass (so-called smooth bore operation)
the internal pressure sheath may be referred to as a liner.
[0008] In addition, and not shown in Fig. 1, there may
also be included a wear layer between the carcass layer
and internal pressure sheath. The wear (or sacrificial)
layer may be a polymer layer (often extruded but some-
times in tape form) intended to provide a smoother sur-
face or bed for the barrier layer to be extruded onto than
would be the case over the carcass layer, which may
have undulations and gaps between wraps; this smooth-
er wear layer surface may allow the barrier layer to ex-
perience higher levels of general strain (extension) as a
result of bending and pressure because what local stress
concentrations remain are relatively small and insignifi-
cant. Without such a wear layer the extruded polymer
barrier may exhibit an undulating inner surface with pro-
truding cusps of material that have naturally flowed into
gaps in the carcass layer during the extrusion process;
these cusps act as stress concentrators when the poly-
mer is strained.
[0009] An optional pressure armour layer 103 is a
structural layer that increases the resistance of the flex-
ible pipe to internal and external pressure and mechan-
ical crushing loads. The layer also structurally supports
the internal pressure sheath, and typically consists of an
interlocked construction of wires with a lay angle close
to 90°.
[0010] The flexible pipe body also includes an optional
first tensile armour layer 105 and optional second tensile
armour layer 106. Each tensile armour layer is used to
sustain tensile loads and internal pressure. The tensile
armour layer is often formed from a plurality of metallic
wires (to impart strength to the layer) that are located
over an inner layer and are helically wound along the
length of the pipe at a lay angle typically between about
10° to 55°. The tensile armour layers are often counter-
wound in pairs.
[0011] The flexible pipe body shown also includes op-
tional layers of tape 104 which help contain underlying
layers and to some extent prevent abrasion between ad-
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jacent layers.
[0012] The flexible pipe body also typically includes
optional layers of insulation 107 and an outer sheath 108,
which comprises a polymer layer used to protect the pipe
against penetration of seawater and other external envi-
ronments, corrosion, abrasion and mechanical damage.
[0013] Each flexible pipe comprises at least one por-
tion, sometimes referred to as a segment or section of
pipe body 100 together with an end fitting located at at
least one end of the flexible pipe. An end fitting provides
a mechanical device which forms the transition between
the flexible pipe body and a connector. The different pipe
layers as shown, for example, in Fig. 1 are terminated in
the end fitting in such a way as to transfer the load be-
tween the flexible pipe and the connector.
[0014] Fig. 2 illustrates a riser assembly 200 suitable
for transporting production fluid such as oil and/or gas
and/or water from a sub-sea location 201 to a floating
facility 202. For example, in Fig. 2 the sub-sea location
201 includes a sub-sea flow line. The flexible flow line
205 comprises a flexible pipe, wholly or in part, resting
on the sea floor 204 or buried below the sea floor and
used in a static application. The floating facility may be
provided by a platform and/or buoy or, as illustrated in
Fig. 2, a ship. The riser assembly 200 is provided as a
flexible riser, that is to say a flexible pipe 203 connecting
the ship to the sea floor installation. The flexible pipe may
be in segments of flexible pipe body with connecting end
fittings.
[0015] It will be appreciated that there are different
types of riser, as is well-known by those skilled in the art.
Embodiments of the present invention may be used with
any type of riser, such as a freely suspended (free, cat-
enary riser), a riser restrained to some extent (buoys,
chains), totally restrained riser or enclosed in a tube (I or
J tubes).
[0016] Fig. 2 also illustrates how portions of flexible
pipe can be utilised as a flow line 205 or jumper 206.
[0017] In accordance with industry regulations, all flex-
ible pipe structures must undergo a factory acceptance
test (FAT) prior to sale. This involves pressurising a pipe
bore with a fluid such as water at 1.5 times the usual
pressure of use. The water is thus a pressurising medium.
[0018] The application of internal pressure (i.e. pres-
sure from within the bore) to the pipe produces radial
expansion in all layers and this is when a polymer layer
undergoes deformation and tends to creep into the gaps
of an overlying armour layer. At high pressures (about
8000 psi / 55 MPa or more), the resultant strain distribu-
tion within the polymer layer can be highly localised at
the areas around the gaps, and the polymer material may
deform by cavitation rather than plastic flow. This can in
turn result in the formation of microcrazing or microcrack-
ing on the radially inner surface of the polymer layer.
During any subsequent loading (such as the loading ex-
perienced during normal use in transporting production
fluids) this microcrazing may then extend to form longer
/ deeper cracks throughout the polymer layer. This in-

creases the risk of failure of the polymer layer and may
ultimately lead to loss of pressure containment, having
an adverse effect on the lifetime of a flexible pipe.
[0019] WO96/34733 discloses a method for treating
an extruded plastic section having a hollow space and
installation suitable for carrying out such a treatment. The
installation comprises an extruder which has a core for
forming the hollow space in the section, and, at a distance
downstream from the extruder in the extrusion direction
of the section, a closing means having a rigid circumfer-
ential wall. During operation of the extrusion installation
the closing means is situated with its rigid circumferential
wall along the section, thus closing the hollow space of
the section. The installation further comprises first con-
duit means which open out near a supply orifice which
is provided in the circumferential wall of the closing
means, fluid feeder means for feeding fluid to the first
conduit means, second conduit means which connect to
a discharge orifice, the at least one discharge orifice be-
ing situated upstream of the at least one supply orifice,
so that it is possible to provide, between the circumfer-
ential wall of the closing means and the extruded section,
a film of fluid which flows opposite to the extrusion direc-
tion of the plastic section.
[0020] AU 672 508 B2 discloses a process for manu-
facturing a flexible tubular conduit, in particular a flexible
tubular conduit comprising at least one tube and/or one
jacket made of crosslinked polyolefin, especially made
of crosslinked polyethylene. According to the process
disclosed therein, a tube or a jacket of a flexible tubular
conduit made from a polyolefin, advantageously polyeth-
ylene containing silane, is crosslinked by hydrolysis.
[0021] According to a first aspect of the present inven-
tion there is provided a method of producing a flexible
pipe body for transporting production fluids from a sub-
sea location, comprising:

providing a tubular layer; and

directing a chemical reagent towards a surface por-
tion of the tubular layer,

wherein the tubular layer comprises an extruded pol-
ymer comprising a fluoropolymer, a polyamide,
polyphenylene sulphide (PPS), PP, PFA, HDPE,
PEEK, PEX, or a combination thereof, and wherein
the chemical reagent has the effect of softening the
polymer without dissolving the polymer and is suit-
able for changing one or more physical or mechan-
ical property of a proportion of the extruded tubular
layer thickness to thereby reduce, inhibit or prevent
microcrazing.

[0022] Also described is a flexible pipe body formed
by a process comprising:

providing a tubular layer; and
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directing a chemical reagent towards a surface por-
tion of the tubular layer,

wherein the tubular layer comprises an extruded pol-
ymer, and wherein the chemical reagent is suitable
for changing one or more physical or mechanical
property of a proportion of the extruded tubular layer
thickness.

[0023] Also described is a flexible pipe body for trans-
porting oil or gas or other such fluid from a sub-sea lo-
cation, comprising:

a tubular layer comprising a polymer, wherein the
tubular layer has a radially inner edge portion or a
radially outer edge portion that has an elastic mod-
ulus that is lower than the remainder of the tubular
layer.

[0024] This provides the advantage that a method of
treating a flexible pipe body is provided to reduce, inhibit
or prevent microcrazing. Embodiments of the invention
are further described hereinafter with reference to the
accompanying drawings, in which:

Fig. 1 illustrates a flexible pipe body;
Fig. 2 illustrates a riser assembly;
Fig. 3 shows a flow diagram illustrating a method of
providing a flexible pipe;
Fig. 4 illustrates a schematic representation of the
method of Fig. 3;
Fig. 5 shows another flow diagram illustrating a
method of providing a flexible pipe; and
Fig. 6 illustrates a method of providing a flexible pipe.

[0025] In the drawings like reference numerals refer to
like parts.
[0026] Figs. 3 and 4 illustrate an embodiment of the
invention in which a flexible pipe body 400 is manufac-
tured. In a first step S11 a tubular length of polymeric
material is provided for forming a polymeric layer 401 of
the flexible pipe body. In this example, the polymeric ma-
terial is PVDF and formed as a wear layer 401 of the pipe
body, and is provided by extrusion onto a pre-formed
carcass layer (not shown) in a known manner.
[0027] In a second step S12, before or whilst a barrier
layer 403 is being formed (step S13), a treatment is un-
dertaken whereby the polymeric layers are treated with
a chemical. Here, acetone is sprayed from a nozzle 407
located at a position close to the point at which the barrier
layer 403 is being applied to the surface of the wear layer
402. A spray or mist or circumferentially fully encompass-
ing liquid flush of acetone 409 is provided over an area
of wear layer 401 just prior to super-forming the barrier
layer 403, the acetone presenting to, and treating, the
adjacent surfaces of both polymer barrier and wear layers
401, 403.
[0028] The nozzle 407 may be positioned to direct the

spray between the wear layer 401 and barrier layer 403.
The spray 409 substantially coats the portion of flexible
pipe body on both the radially outer surface of the wear
layer and the radially inner surface of the barrier layer.
The chemical spray 409 in contact with the polymer layers
401 and 403 is able to react with the layers in order to
chemically treat the surface of the polymers at these sur-
faces.
[0029] In a third step S13, a further tubular length of
polymeric material 403 is provided. In this example, the
polymeric material is also PVDF and formed as a barrier
layer 403 of the pipe body. The barrier layer 403 is pro-
vided by extrusion onto the wear layer 401 in a known
manner.
[0030] In this embodiment, the extrusion is performed
by directing PVDF in a flowable state towards the wear
layer 401 via a nozzle 405 and formed around the wear
layer 401 using an extruder head and tip (not shown) to
control shape and concentricity of this further tubular bar-
rier layer 403 being formed. At the same time, the formed
layers of flexible pipe (including the carcass layer and
the wear layer 401) are moved in a horizontal direction
indicated by arrow A in the direction of the pipe’s longi-
tudinal axis. This allows the flowable material to cover
the wear layer and form the further tubular layer 403.
[0031] Although the description above refers to the use
of acetone, many chemicals may be used so as to change
a physical property of the polymeric layer. The chemical
may be a hydrocarbon oil or fluid, a polar solvent (such
as common alcohols), or non-polar solvents (for example
benzene or toluene), or ionic or supercritical liquid sol-
vents. Additional examples of possible chemicals are:
Dimethyl Sulfoxide, Methyl Ethyl Ketone, Dibutyl Seba-
cate (DBS), Xylene, Monoethylene Glycol (MEG), and
Ethyl Acetate. The chemical may also be a mixture, sus-
pension or alloy of chemicals in order to provide the active
ingredient at the desired location, for instance a gel con-
taining the solvent chemical, or an oil and solvent emul-
sion, or a mixture of a super-low viscosity silicone oil with
the active chemical may also be used. Some of these
chemicals or chemical combinations may require activa-
tion using heat or pressure in order for them to effectively
react with the polymer surface.
[0032] Indeed a carrier fluid may contain pockets or
bubbles with the active chemical in, these pockets re-
lease their contents on either pressurisation between the
two polymer layers 401 and 403 or from the temperature
of the extrusion, or as a result of the removal of the carrier
fluid from around said pockets of active chemical through
evaporation, permeation, or reaction with the surface of
the pockets.
[0033] Additionally the liner or wear layer polymer may
be dosed with the active chemical in such a way that the
active chemical is released over time. This release will
act on the layer extruded over the top and provide the
necessary and desired chemical treatment for the inner
surface of the barrier layer.
[0034] Upon formation of the completed flexible pipe
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body, this may be immediately or later followed by a FAT.
[0035] The treatment of the polymer layers with ace-
tone is used to change one or more property of a surface
of the layers. In this case the physical property includes
the stiffness or elastic modulus (Young’s modulus of elas-
ticity) and yield strength. The chemical acts as a semi-
solvent, which has the effect to softening the polymer
without dissolving the polymer.
[0036] It has been found by the inventors that, surpris-
ingly, by chemically treating a polymer layer, such as a
barrier layer of a flexible pipe body, microcrazing in the
layer during later pressurisation of the flexible pipe body
is reduced or prevented (e.g. during a Factory Accept-
ance Test or when the pipe body is in use to transport
production fluids or inject fluids into a well to maintain the
reservoir pressure). That is, as a result of the treatment,
the polymer layer should be more resistant to crazing
and cracking under pressure from the bore of the pipe.
The treatment is applied in a controlled manner so as to
only affect a portion at the surface of the layer. This
change to the molecular structure of a radially inner sur-
face of the layer is sufficient to prevent microcrazing even
though the radially outer portion of the layer (which is the
portion that is pushed between gaps in an overlying ar-
mour layer) is not treated. It is thought that the chemical
treatment increases the elasticity and toughness of the
polymer under pressure at the inner surface sufficiently
to prevent initiation of microcrazing. The relative soften-
ing of the material at the radially inner surface area caus-
es the polymer material to move into any gaps that are
present between windings of an overlying armour layer
when under pressure. This helps the polymer to flow par-
tially into the gaps without cavitation and under a rela-
tively low stress. Once the polymer has moved the de-
sired amount into the gaps, as a result of the treatment
stage, the polymer remains in that position.
[0037] Therefore, areas of the polymeric layer, which
may have been subject to high localised strain under high
pressure (from the FAT or in use) in known pipe arrange-
ments due to the proximity to gaps, are not subject to
such high strain in further use. That is, even when the
pipe body undergoes high pressure in a FAT or use, the
strain levels are not as high as other known arrange-
ments. This has proved to significantly reduce or com-
pletely prevent any microcrazing in the polymeric layer
during its future use after the treatment stage, including
during a FAT and use in transporting production fluids.
[0038] The affect upon the polymer by the treatment
stage may be permanent or temporary. If the affect is
permanent, then the polymer layer (e.g. barrier layer 403)
will have the above-mentioned advantages in terms of
reduced or zero chance of microcrazing in future use as
a flexible pipe. If the affect is temporary, then the resultant
polymer layer will have the advantages sufficiently long
for the benefits to be seen during the FAT.
[0039] It is to be noted that a chemical treatment to a
surface portion of a polymer layer such as layer 403 may
be seen to weaken the surface properties of the polymer

layer (permanently or temporarily). However, this surface
portion may be only a very small proportion of the full
thickness of the cross-section. For example, a portion of
the cross-section of a polymer layer may be only 0.1 mm
thick, or 0.5 mm thick, or 1 mm thick, for example. The
remaining portion of polymer layer that has not been sub-
ject to treatment, for example approximately 6 mm thick,
or 8 mm thick, or 10 mm thick, will remain at full strength
and sufficient to adequately perform the function of a fluid
retaining layer. It will be appreciated that precise thick-
nesses and materials will depend upon the specific pa-
rameters of use and can be determined by one skilled in
the art.
[0040] Another embodiment of the present invention
is shown in Fig. 5. This is similar in some ways to the first
embodiment and therefore for brevity not all details will
be repeated.
[0041] In step S21 a tubular length of polymeric mate-
rial is provided for forming a polymeric layer of a flexible
pipe body. In this example, the polymeric material is again
PVDF and formed as a liner of the pipe body, and is
provided by extrusion onto a mandrel (not shown) in a
known manner.
[0042] In step S22 a treatment stage is undertaken
whereby the polymeric layer is treated with a chemical.
Here, silicone oil based fluid is sprayed at a location close
to the recently formed polymeric layer (although it will be
understood that this treatment may be performed at any
time after the forming of the layer). The silicone oil has
a lower kinematic viscosity than most silicone oils cur-
rently used in the industry, for example with a super-low
kinematic viscosity of about 50 cSt (50 mm2·s-1) or less,
or particularly aptly a kinematic viscosity of less than 20
cSt (20 mm2·s-1). A spray or mist of the silicone oil based
fluid is formed in an area around the portion of liner after
being formed. The fluid substantially coats the radially
outer surface of the layer and treats the layer accordingly
on its outer surface.
[0043] Optionally, a further tubular length of polymeric
material could be extruded prior to and/or after the tubular
polymeric layer of step S21.
[0044] With this embodiment the result is a polymer
layer for a flexible pipe body that has been treated with
a chemical reagent on at least one surface thereof.
[0045] Another embodiment of the invention will now
be described in which a flexible pipe body is manufac-
tured. In a first step a tubular length of polymeric material
is provided for forming a polymeric layer of the flexible
pipe body. In this example, the polymeric material is
PVDF as a liner of the pipe body, and is provided by
extrusion onto a mandrel in a known manner.
[0046] In a second step a strength layer, which in this
case is a pressure armour layer, is provided over the
liner. The pressure armour layer is formed from an elon-
gate strip of carbon steel having a generally Z-shaped
cross-sectional profile. The strip is formed from a wire
rolling process to have corresponding male and female
connector portions such that as the strip is wound over
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the polymeric layer adjacent windings interlock.
[0047] In a third step, a treatment stage is undertaken
whereby the polymeric layer is treated with a chemical.
More specifically, the radially inner surface of the poly-
meric layer is soaked with a chemical so as to change at
least one physical property of the layer.
[0048] An example of the treatment stage will now be
described with reference to Fig. 6. A fluid inlet conduit
502 is connected to a first end 506 of flexible pipe body
501 via a pump member 508. The pipe body is conven-
iently stored on a reel 510 whilst undergoing the treat-
ment stage. Acetone is then pumped through the pipe
body. Acetone exiting the second end 514 of the pipe
body may re-circulated back to the first end of the pipe
body (in direction of arrow B via a conduit 516). This
acetone flushing is continued for up to 2 hours.
[0049] Subsequent to the treatment stage, the pipe
body may then undergo the usual Factory Acceptance
Test by pressurising the pipe body to a predetermined
pressure, immediately or separately. The pipe body may
be cut down into shorter lengths and the separate lengths
then subject to a FAT. The polymeric layer may only ex-
pand into the gaps of the strength layer at the time of the
FAT. However, the chemical treatment to the inner sur-
face is sufficient to reduce strain and therefore micro-
crazing of the layer.
[0050] The method of Fig. 6 effectively provides a treat-
ment stage in which the radially inner surface of the pol-
ymeric layer is exposed to acetone for the predetermined
time length. The exposure causes a change in the stiff-
ness of a portion of the polymeric layer at the radially
inner side, without detrimental degradation of the poly-
meric layer. The chemical acts as a semi-solvent, which
has the effect to softening the polymer without dissolving
the polymer.
[0051] Various modifications to the detailed designs
as described above are possible. For example, the pol-
ymeric layer(s) treated may be any layer(s) of the pipe
body and not limited to the wear layer, liner or barrier
layer. The armour layer may similarly be any layer of the
flexible pipe body such as a strength layer, a pressure
armour layer, a tensile armour layer, etc. The polymeric
layer need not be directly adjacent to an armour layer;
there may be intermediate layers such as a sacrificial
tape layer. For flexible pipe body with more than one
polymeric layer, the method described above may be em-
ployed more than once so as to treat each of the poly-
meric layers in turn or concurrently. The treatment stage
may be performed directly onto a barrier layer with a car-
cass layer present, since a carcass layer is not fluid-tight
and will allow the spray or mist to flow therebetween to
access the polymeric barrier layer. The treatment chem-
ical may be incorporated into or combined with the pol-
ymer granules used in the extrusion process for an ex-
truded layer or an extruded tape to be wound onto the
pipe as a wear layer, thereby providing that layer with
the means of releasing the active chemicals over time,
or as a result of an event (such as the application of heat

or pressure) from that layer into adjacent polymer layers.
[0052] The materials used for the treatment stage may
be chosen according to the particular flexible pipe body
materials, design, and future FAT test pressure.
[0053] The chemical reagent may be any suitable re-
agent for changing the physical property of the polymeric
layer. The chemical may be a hydrocarbon oil or fluid, a
polar solvent (such as common alcohols), or non-polar
solvents (for example benzene), or ionic or supercritical
liquid solvents such as acetone, toluene, dibutyl seba-
cate, methyl ethyl ketone, ethyl acetate, dimethyl sulfox-
ide, xylene, monoethylene glycol, silicon oil having a vis-
cosity of about 50 cSt or less, or a combination thereof,
or a dilution in water thereof.
[0054] The spray or mist may have any suitable droplet
size sufficient to completely or substantially coat the sur-
face of the polymer layer, else a circumferentially fully
encompassing liquid flush may be used instead.
[0055] The polymeric layer may comprise a fluoropol-
ymer such as PVDF, a polyamide such as PA-12 or PA-
11, another material such as polyphenylene sulphide
(PPS), PP, PFA, HDPE, PEEK, PEX, or a combination
thereof, and may have additional components such as
metallic wires or nanoparticles dispersed therein. Tape
layer type wear layers could comprise a polymer, such
as those listed above, or be of composite construction,
bonded or unbounded to the surrounding layers and com-
prising either a cured or an un-cured matrix around me-
tallic or non-metallic reinforcements, or comprise metallic
tapes.
[0056] The physical property may include stiffness,
shape, modulus of elasticity, stress-strain relationship,
threshold strain for crazing, surface hardness, surface
tension, friction for movement of polymer fibre chains,
microstructure of polymer chain distribution, and density,
for example. The radially inner surface, or the radially
outer surface, or both surfaces may be chemically treat-
ed.
[0057] With the above-described arrangement a flexi-
ble pipe body is provided that has been treated to reduce,
inhibit or prevent microcrazing. The method of treating a
flexible pipe body can be conveniently incorporated into
current pipe manufacturing processes.
[0058] As such, the operating parameters of tempera-
ture and pressure of flexible pipes will be extended. That
is, the pipes will be able to withstand increased operating
pressures compared to known arrangements.
[0059] The invention may be of particular use for high
pressure applications, such as use at 15000 psi (103
MPa) and over.
[0060] It is to be understood that the present invention
is broadly applicable to coaxial pipe body structures in-
cluding two or more layers manufactured from a variety
of possible materials, for example including some or all
of the layers as shown in Fig. 1.
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Claims

1. A method of producing a flexible pipe body (400) for
transporting production fluids from a sub-sea loca-
tion, comprising:

providing a tubular layer (401); and
directing a chemical reagent towards a surface
portion of the tubular layer,
wherein the tubular layer comprises an extruded
polymer comprising a fluoropolymer, a polya-
mide, polyphenylene sulphide (PPS), PP, PFA,
HDPE, PEEK, PEX, or a combination thereof,
and wherein the chemical reagent has the effect
of softening the polymer without dissolving the
polymer and is suitable for changing one or more
physical or mechanical property of a proportion
of the extruded tubular layer thickness to thereby
reduce, inhibit or prevent microcrazing.

2. A method as claimed in claim 1 wherein the tubular
layer is a second tubular layer applied by extrusion
over a first tubular layer, and the directing step of
claim 1 is applied to the first tubular layer prior to the
extrusion of the second tubular layer.

3. A method as claimed in claim 1 wherein the tubular
layer is a second tubular layer applied by extrusion
over a first tubular layer, and the directing step of
claim 1 is applied to the second tubular layer after
the extrusion of the second tubular layer.

4. A method as claimed in claim 1 wherein the tubular
layer is a second tubular layer applied by extrusion
over a first tubular layer, and wherein the first tubular
layer comprises a polymer doped with the chemical
reagent, and wherein the directing step comprises
releasing the chemical reagent from the first tubular
layer.

5. A method as claimed in any preceding claim wherein
the polymer comprises PVDF, PA-11, PA-12 or a
mixture of PVDF, PA-11 or PA-12 with at least one
selected from PVDF, HDPE, PA-11, PA-12, PEX,
PEEK, PPS, PP and PFA.

6. A method as claimed in any preceding claim, wherein
the chemical reagent comprises acetone, toluene,
dibutyl sebacate, methyl ethyl ketone, ethyl acetate,
dimethyl sulfoxide, xylene, monoethylene glycol, sil-
icon oil having a kinematic viscosity of about 50 cSt
(50 mm2·s-1) or less, or a combination thereof, or a
dilution in water thereof, or whereby the chemical
reagent is carried by an otherwise benign fluid.

7. A method as claimed in any preceding claim, further
comprising changing a physical property of part of
the tubular layer, temporarily or permanently, with

the chemical reagent.

8. A method as claimed in claim 7 wherein the physical
property includes shape, modulus of elasticity, yield
strength, stress-strain relationship, threshold strain
for crazing, surface hardness, surface tension, fric-
tion for movement of polymer fibre chains, micro-
structure of polymer chain distribution, and density.

9. A method as claimed in any preceding claim further
comprising providing an armour layer (103) and an
outer sheath (108) over the tubular layer.

Patentansprüche

1. Verfahren zum Produzieren eines flexiblen Rohrkör-
pers (400) zum Transportieren von Produktionsflui-
den von einem Unterseeort, das Folgendes beinhal-
tet:

Bereitstellen einer tubulären Schicht (401); und
Leiten eines chemischen Reagens in Richtung
eines Oberflächenteils der tubulären Schicht,
wobei die tubuläre Schicht ein extrudiertes Po-
lymer umfasst, das ein Fluorpolymer, ein Poly-
amid, Polyphenylensulphid (PPS), PP, PFA,
HDPE, PEEK, PEX oder eine Kombination da-
von umfasst und wobei das chemische Reagens
die Wirkung des Erweichens des Polymers hat,
ohne das Polymer aufzulösen, und zum Ändern
von einer oder mehreren physikalischen oder
mechanischen Eigenschaften eines Teils der
Dicke der extrudierten tubulären Schicht geeig-
net ist, um dadurch die Entstehung von Mikro-
rissen zu reduzieren, zu hemmen oder zu ver-
hüten.

2. Verfahren nach Anspruch 1, wobei die tubuläre
Schicht eine zweite tubuläre Schicht ist, die durch
Extrusion über eine erste tubuläre Schicht aufge-
bracht wird, und der Leitungsschritt von Anspruch 1
vor der Extrusion der zweiten tubulären Schicht auf
die erste tubuläre Schicht angewandt wird.

3. Verfahren nach Anspruch 1, wobei die tubuläre
Schicht eine zweite tubuläre Schicht ist, die durch
Extrusion über eine erste tubuläre Schicht aufge-
bracht wird, und der Leitungsschritt von Anspruch 1
nach der Extrusion der zweiten tubulären Schicht
auf die zweite tubuläre Schicht aufgebracht wird.

4. Verfahren nach Anspruch 1, wobei die tubuläre
Schicht eine zweite tubuläre Schicht ist, die durch
die Extrusion über eine erste tubuläre Schicht auf-
gebracht wird, und wobei die erste tubuläre Schicht
ein mit dem chemischen Reagens dotiertes Polymer
umfasst und wobei der Leitungsschritt das Lösen
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des chemischen Reagens von der ersten tubulären
Schicht beinhaltet.

5. Verfahren nach einem vorherigen Anspruch, wobei
das Polymer PVDF, PA-11, PA-12 oder ein Gemisch
aus PVDF, PA-11 oder PA-12 mit wenigstens einem
Mitglied der Gruppe ausgewählt aus PVDF, HDPE,
PA-11, PA-12, PEX, PEEK, PPS, PP und PFA um-
fasst.

6. Verfahren nach einem vorherigen Anspruch, wobei
das chemische Reagens Aceton, Toluol, Dibutylse-
bacat, Methylethylketon, Ethylacetat, Dimethylsulfo-
xid, Xylol, Monoethylenglykol, Silikonöl mit einer ki-
nematischen Viskosität von etwa 50 cSt (50 mm2·s-1)
oder weniger oder eine Kombination davon oder eine
Verdünnung in Wasser davon umfasst, oder wobei
das chemische Reagens durch ein anderweitiges
benignes Fluid geführt wird.

7. Verfahren nach einem vorherigen Anspruch, das fer-
ner das Ändern einer physikalischen Eigenschaft ei-
nes Teils der tubulären Schicht, vorübergehend oder
permanent, mit dem chemischen Reagens beinhal-
tet.

8. Verfahren nach Anspruch 7, wobei die physikalische
Eigenschaft Form, E-Modul, Streckgrenze, Span-
nungs-Dehnungs-Beziehung, Schwellendehnung
für Rissbildung, Oberflächenhärte, Oberflächen-
spannung, Friktion für Bewegung von Polymerfaser-
ketten, Mikrostruktur von Polymerkettenverteilung
und Dichte beinhaltet.

9. Verfahren nach einem vorherigen Anspruch, das fer-
ner das Bereitstellen einer Armierungsschicht (103)
oder eines Außenmantels (108) über der tubulären
Schicht beinhaltet.

Revendications

1. Procédé de production d’un corps de tuyau flexible
(400) pour transporter des fluides de production en
provenance d’un emplacement sous-marin, com-
prenant les opérations consistant à :

mettre à disposition une couche tubulaire (401) ;
et
diriger un réactif chimique vers une portion su-
perficielle de la couche tubulaire,
cas dans lequel la couche tubulaire comprend
un polymère extrudé comprenant un fluoropoly-
mère, un polyamide, le sulfure de polyphénylè-
ne (PPS), PP, PFA, HDPE, PEEK, PEX, ou une
combinaison de ceux-ci, et cas dans lequel le
réactif chimique a l’effet de ramollir le polymère
sans dissoudre le polymère et est approprié

pour changer une ou plusieurs propriétés phy-
siques ou mécaniques d’une proportion de
l’épaisseur de la couche tubulaire extrudée afin
de réduire, d’inhiber ou d’empêcher une micro-
fissuration.

2. Procédé selon la revendication 1, la couche tubulaire
étant une deuxième couche tubulaire laquelle est
appliquée par extrusion par dessus une première
couche tubulaire, et l’étape de direction de la reven-
dication 1 étant appliquée à la première couche tu-
bulaire avant l’extrusion de la deuxième couche tu-
bulaire.

3. Procédé selon la revendication 1, la couche tubulaire
étant une deuxième couche tubulaire laquelle est
appliquée par extrusion par dessus une première
couche tubulaire, et l’étape de direction de la reven-
dication 1 étant appliquée à la deuxième couche tu-
bulaire après l’extrusion de la deuxième couche tu-
bulaire.

4. Procédé selon la revendication 1, la couche tubulaire
étant une deuxième couche tubulaire laquelle est
appliquée par extrusion par dessus une première
couche tubulaire, et la première couche tubulaire
comprenant un polymère dopé avec le réactif chimi-
que, et l’étape de direction comprenant la libération
du réactif chimique de la première couche tubulaire.

5. Procédé selon une quelconque revendication pré-
cédente, le polymère comprenant le PVDF, PA-11,
PA-12 ou un mélange de PVDF, PA-11 ou PA-12
avec au moins une substance sélectionnée parmi
les suivantes : PVDF, HDPE, PA-11, PA-12, PEX,
PEEK, PPS, PP et PFA.

6. Procédé selon une quelconque revendication pré-
cédente, le réactif chimique comprenant l’acétone,
le toluène, le sébacate de dibutyle, le méthyléthyl-
cétone, l’acétate d’éthyle, le diméthylsulfoxyde, le
xylène, le monoéthylène glycol, l’huile de silicone
avec une viscosité cinématique d’environ 50 cSt (50
mm2·s-1) ou inférieure, ou une combinaison de ceux-
ci, ou une dilution de ceux-ci dans l’eau, ou grâce
auxquels le réactif chimique est acheminé par un
fluide autrement bénin.

7. Procédé selon une quelconque revendication pré-
cédente, comprenant en outre l’opération consistant
à changer une propriété physique d’une partie de la
couche tubulaire, de manière temporaire ou perma-
nente, avec le réactif chimique.

8. Procédé selon la revendication 7, la propriété phy-
sique incluant la forme, le module d’élasticité, la li-
mite d’élasticité, la relation contrainte-déformation,
la déformation seuil pour la fissuration, la dureté su-
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perficielle, la tension superficielle, la friction pour le
mouvement des chaînes de fibres polymériques, la
microstructure de la distribution des chaînes poly-
mériques, et la densité.

9. Procédé selon une quelconque revendication pré-
cédente, comprenant en outre l’opération consistant
à prévoir une couche d’armure (103) et une gaine
externe (108) par dessus la couche tubulaire.
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