10

15

20

25

30

WO 2013/070074 PCT/NL2012/050784

METHOD FOR FILLING A GAP IN THE COATING OF A

PIPELINE COATED WITH A COATING, PREFERABLY A
THERMO-INSULATING COATING

The present invention relates to a method for filling a
gap in the coating of a pipeline coated with a coating, in
particular a thermo-insulating coating.

Such methods are known in the field of laying steel
pipelines offshore on the seabed for oil and gas
applications.

The outside surface of the steel wall of such pipelines
is in many cases coated with a thermo-insulating coating,
for instance a polypropylene coating, which insulates the
medium transported by means of the pipeline from outside
thermal influences. By insulating the transported medium
from outside thermal influences, variations along the length
of the pipeline in viscosity of the transported medium as a
result of variations along the length of the pipeline in the
temperature of the water surrounding the pipeline are
avoided, for example. Variations in the viscosity of the
transported medium along the length of the pipeline have a
negative influence on the throughput of the pipeline, and
should therefore be avoided.

Such offshore pipelines are in general formed by butt-
welding the ends of lengths of pipe coated with the thermo-
insulating coating to one another on a pipe laying vessel,
and subsequently lowering the thus formed pipeline towards
the seabed. In order to be able to butt-weld the lengths of
pipe to one another, the steel wall of each length of pipe
is at each end thereof uncoated along a certain part of the
length of pipe. This uncoated part of the lengths of pipe is
referred to as a cut-back. After the ends of two lengths of
pipe are placed against each other the respective ends are

girth-welded. The uncoated parts of the lengths of pipe that
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are welded together form a gap in the thermo-insulating
coating of the resulting pipeline. In order to provide a
pipeline that is thermo-insulated along the length thereof,
the gap is subsequently filled with a thermo-insulating
material, in particular by filling the gap with a
thermoplastic polymeric material in fluid state.

The goal of the present invention is to improve the
known methods for filling a gap in the coating of a pipeline
coated with a coating, in particular a thermo-insulating
coating.

The method according to the invention comprises the
steps of:

- placing in the gap a mixture of solid elements and a
thermoplastic polymeric material in fluid state; and

- letting the thermoplastic polymeric material in fluid
state solidify.

The method according to the invention makes it possible
to provide within a particularly short period of time an
infill, filling the gap, of which the outer surface is
subjectable to mechanical loads without damaging the outer
surface.

When filling the gap with thermoplastic polymeric
material in fluid state, it takes time to let the material
solidify such that the resulting infill filling the gap is
subjectable to mechanical loads. To achieve a sufficient
thermal insulation, a thermo-insulating coating is
relatively thick compared to for instance anticorrosion
coatings. Consequently, when filling a gap with the
thermoplastic material in fluid state a relatively large
volume of material will have to solidify before the infill
is subjectable to mechanical loads without damage, resulting
in a relatively long period of time before the infill is

subjectable to mechanical loads without damage.
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Especially when making a pipeline on a pipe laying
ship, wherein the pipeline has to pass tensioners - which
tension the pipeline while it is lowered toward the seabed -
and roller boxes - which guide the pipeline towards the
seabed - that both are brought into contact with the outer
surface of the ccating surrounding the pipeline, it is
important to have an infill that is subjectable to
mechanical loads without getting damaged in order to be able
to finish the pipeline within the shortest possible period
of time.

By placing according to the invention in the gap a
mixture of solid elements and a thermoplastic polymeric
material in fluid state, less volume of thermoplastic
polymeric material in fluid state is required to fill the
same gap volume relative to filling the complete volume of
the gap with thermoplastic polymeric material in fluid
state. As a result the time to sclidify the thermoplastic
polymeric material is shorter and the resulting infill is
subjectable to mechanical loads within a shorter period of
time. Furthermore, when the thermoplastic material in fluid
state is brought into contact with the solid elements, heat
is transferred from the thermoplastic material in fluid
state to the relatively cold solid elements, such that the
solidification of the thermoplastic material in fluid state
is promoted, thus further shortening the period for
solidifying the thermoplastic material in fluid state.
Additionally, in the mixture of solid elements and the
thermoplastic polymeric material in fluid state, solid
elements that are in contact with each other allow for
distribution of forces through the mixture even when the
thermoplastic polymeric material in fluid state has not yet
fully solidified., This further promotes the shortening of

the period of time within which the resulting infill is
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subjectable to mechanical loads. The latter in particular
applies when the solid elements are in contact with each
other throughout the mixture.

Apart from thermo-insulating coatings, there are other
coatings that need to be relatively thick compared to
anticorrosion coatings to be able to provide a sufficient
effect, such as coatings for increasing or decreasing the
buoyancy of a pipeline. The method according to the
invention is also beneficial for filling a gap in such
coatings. However, the method according to the invention is
particularly beneficial for filling a gap in a thermo-
insulating coating, as due to the relatively poor ability to
transfer heat of the material with which the gap is to be
filled, the period for solidifying the thermoplastic
polymeric material which is dependent on the heat transfer
rate is relatively long. Furthermore, the method according
to the invention is in particular suitable for oil or gas
pipelines operated at internal working temperatures above
100 degrees Celsius, since the thermoplastic polymeric
material can particularly good withstand such temperatures
without decomposing or degrading.

In the context of the present invention, the expression
“in fluid state” with respect to the thermoplastic polymer
material is to be understood as in ligquid state, or in a
soften state. A soften state is a state in which the
thermoplastic polymer material is malleable, or deformable.
In the context of the present invention, when the
thermoplastic polymer material in fluid state solidifies, it
is to be understood that the thermoplastic polymer material
reversibly hardens (also designated as the thermoplastic
polymer material being in solid state). The reversible
physical transition from fluid state to the solidification,

or hardening of the thermoplastic polymer material allows
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carrying out the method of the present invention with
thereby filling a gap in the coating of a pipeline with a
coating which does not comprise any crosslinked polymer
material, or cured resin material. Accordingly, after
carrying out the method according the present invention, the
thermoplastic polymer material in fluid form that is
solidified is a thermoplastic polymer material that is not
crosslinked, thus not a 3D pclymer. The thermoplastic
peclymer material is a linear polymer, or 2D polymer. Linear
is to be understood as substituted or unsubstituted.
Substitutions can be any functional organic group such as
alcohol, halogens, or hydrocarbonrest such as alkyls or
aryls. According to the present invention, a thermoplastic
polymer material is a polymer material that becomes
malleable, or moldable, or softened above a specific
temperature, and returns to a solid state upon cooling
(reversible). After the method according to the present
invention, the properties of the thermoplastic polymer
material are accordingly maintained: no modification of the
intermolecular interactions is occurring in the present
invention (modifications of intermolecular interactions
namely occur, when a polymer undergoes a crosslinking, or
curing, to result in a resin).

In the context of the present invention, a polymer
material is to be understcod as a material that is made of
polymer comprising the repetition of monomers. It can be the
same monomers providing a polymer material which is a
homopolymer material, or the monomers may be different,
providing a copolymer material. The homopolymer material and
copolymer material in the context of the present invention
are thermoplastic polymer materials.

In the context of the present invention, the

thermoplastic polymeric material is brought in fluid state
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priocr being placed in the gap in the coating of a pipeline.
The fluid state is reached by heating the thermoplastic
polymeric material so that the thermoplastic polymeric
material does not decompose, or degrade.

In a preferred embodiment of the method according to
the invention the solid elements comprise a polymeric
material. When the hot thermoplastic material in fluid state
is brought into contact with the solid elements comprising a
polymeric material, heat is transferred from the
thermoplastic material in fluid state to the relatively cold
solid elements, causing the polymeric material comprised by
the solid elements to soften or melt. The softening or
melting of the polymeric material comprised by the solid
elements promotes the amount of heat being transferred
between Lhe thermoplastic material in fluid state and the
solid elements and the distribution of the heat over the
volume of the mixture of the solid elements and the
thermoplastic material in fluid state, resulting in a still
further shortening of the period for solidifying the
thermoplastic material in fluid state. Additionally, because
of the softening or melting of the polymeric material
comprised by the solid elements, the solid elements can
become welded to each other, promoting the structural
strength of the mixture of solid elements and thermoplastic
material in fluid state. This makes it possible to subject
the infill to mechanical loads sooner. Together with the
shortening of the time required to solidify the
thermoplastic material in fluid state, the latter results in
a particular shortening of the period of time between
filling of the gap and the infill being strong enough to be
subjected to mechanical loads without damage.

In a preferred embodiment of the method according to

the invention said polymeric material of the solid elements
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comprises a thermoplastic polymeric material. Accordingly,
the polymeric material of the solid elements can consist of
thermoplastic polymeric material (and eventual additives),
or they can comprise a thermoplastic polymeric material and
another polymer material that is not thermoplastic (as well
as additives). The melting, or softening, of the
thermoplastic material of the solid elements in particular
promotes the heat transfer from the thermoplastic polymeric
material in fluid state to the solid elements. In the
preferred case wherein the surface of the solid elements
comprises a thermoplastic polymeric material, the
thermoplastic polymeric material of the solid elements will
start to melt off the surface, which promotes the bonding
between the solid elements, as well as the bonding between
the solid elements and the thermoplastic polymeric material
in fluid state. This bonding is in particular the result of
the formation of entanglements of polymeric molecules of a
solid element at the (partly) molten surface thereof with
polymeric molecules of the thermoplastic polymeric material
in fluid state or with polymeric molecules of another solid
element at the (partly) molten surface thereof. Such a
network of entangled molecules when cooled down becomes a
bonded entity.

In a particularly advantageous development the solid
elements consist of thermoplastic polymeric material. This
makes it possible to make full use of the promoting of the
amount of heat being transferred between the thermoplastic
material in fluid state and the solid elements and the
distribution of the heat over the volume of the mixture of
the solid elements and the thermoplastic material in fluid
state by melting the thermoplastic polymeric material
comprised by the solid elements. Alternatively the solid

elements have a shell of thermoplastic material around a
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core of another material, or are made of a mixture of
thermoplastic polymeric material and another material. The
shell can be made of a thermoplastic polymer material
(homopolymers or copolymer) such as defined in the present
invention. The shell may be as well a foam of thermoplastic
polymer material. The other material could for instance be a
material increasing or decreasing the buoyancy of the
resulting infill. In a further alternative embodiment said
polymeric material of the solid elements is a thermosetting
polymeric material, such as a polyurethane resin, a
polyester resin, epoxy resin, a polyimide resin, a
polycyanurate resin or even glass. In the context of the
present invention, the thermosetting polymeric material is a
resin, already crosslinked or that crosslinks with the heat
transfer of the thermoplastic polymer material in fluid
state. In the context of the present invention, the
thermosetting material accordingly underwent a cross-linking
process. Since thermosetting polymeric material does not
melt when heated, the application of thermosetting polymeric
material in the solid elements promotes the structural
strength of the mixture of solid elements and the
thermoplastic polymeric material in fluid state during the
solidification thereof. Of course the temperature of the
thermoplastic polymeric material in fluid state then should
be such that the thermosetting polymeric material does not
decompose, or degrade.

According to a preferred advantageous further
development of the method according to the invention with
solid elements comprising or even consisting of a
thermoplastic material, the thermoplastic material of the
solid elements is the same as said thermoplastic material in
fluid state. This allows for a particular good bonding

between the thermoplastic material of the solid elements and
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the thermoplastic material in fluid state brought into
contact with the solid elements. In combination with solid
elements consisting of a thermoplastic material this results
in a particularly homogeneous structure of the resulting
infill, which is of particular importance when the coating
including the infill is a thermo-insulating ccating.
Alternatively the thermoplastic polymeric material of the
solid elements is different from the thermoplastic polymeric
material in fluid state. For instance it could be beneficial
to combine solid elements made of a thermoplastic polymeric
material with particularly good insulating properties with a
thermoplastic polymeric material in fluid state made of a
material with particularly good adhesive properties.

In an advantageous embodiment of the method according
to the invention the step of placing in the gap a mixture of
solid elements and a thermoplastic material in fluid state
comprises:

- surrounding the gap by means of a mould;

- introducing in the mould the solid elements; and

- injecting into the mould the thermoplastic polymeric
material in fluid state after introducing in the mould the
solid elements. This allows for a convenient placing in the
gap a mixture of solid elements and a thermoplastic material
in fluid state and for control over the distribution of the
solid elements over the volume to be filled. After
sufficient solidification of the fluid material in fluid
state the mould is removed.

According to an advantageous development of the method
according to the invention wherein the thermoplastic
material in fluid state is injected into the mould after
introducing in the mould the solid elements, the method
further comprises the step of pre-bonding the solid elements

by heating the solid elements before introducing the
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thermoplastic material in fluid state into the mould, for
instance by means of hot air or a flame. This makes it
possible to improve the bond strength between the solid
elements. Preferably the solid elements are heated after
introducing the solid elements into the mould. Additionally
the pre-bonding is further improved by compacting the solid
elements in the mould during or after the heating thereof.
Typically, vibrations can be applied to the solid elements
or hot air can be used to assist the compacting step.

In a further advantageous embodiment of the method
according to the invention wherein the thermoplastic
material in fluid state 1s injected into the mould after
introducing in the mould the solid elements, the solid
elements are designed to form a stack of solid elements once
introduced into the mould wherein there are interconnected
spaces between the solid elements throughout the stack that
are configured to be filled with the thermoplastic material
in fluid state once the thermoplastic material is introduced
into the mould. This makes it possible to promote and
control the mixing of the solid elements and the
thermoplastic material in fluid state when the thermoplastic
material in fluid state is injected into the mould.

In an advantageous alternative embodiment of the method
according to the invention wherein the thermoplastic
material in fluid state is injected into the mould after
injecting in the mould the solid elements, the step of
placing in the gap a mixture of solid elements and a
thermoplastic material in fluid state comprises:

- surrounding the gap by means of a mould;

- introducing into the mould the solid elements; and

- injecting into the mould the thermoplastic material
in fluid state simultaneous with introducing in the mould

the solid elements.
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This allows for an alternative way to promote and
control the mixing of the solid elements and the
thermoplastic material in fluid state.

According to an advantageous further development
thereof the solid elements are added to the thermoplastic
material in fluid state before being introduced into the
mould. This allows for more control over the mixing of the
solid elements and the thermoplastic material in fluid
gtate.

According to an advantageous development of the method
according to the invention wherein the thermoplastic
material in fluid state is introduced into the mould after
or simultaneous with introducing in the mould the solid
elements a mixture of solid elements of different sizes
and/or shapes is introduced into the mould. This allows for
control over the volume of the interconnected spaces between
the solid elements to be filled with the thermoplastic
material in fluid state.

In an advantageous alternative embodiment of the method
according to the invention wherein the thermoplastic
polymeric material in fluid state is injected into the mould
after or simultaneocus with introducing in the mould the
solid elements, the method comprises the steps of:

- placing the solid elements in the gap;

- surrounding the gap by means of the mould after
placing the solid elements in the gap; and

- injecting into the mould the thermoplastic material
in fluid state.

This allows for an alternative way to promote and
control the mixing of the solid elements and the
thermoplastic material in fluid state, and additionally
allows for a particular control over the distribution of the

solid particles over the volume of the gap.
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According to an advantageous embodiment thereof, the
solid elements are pre-bonded into a pre-form such that
there are interconnected spaces between the bonded solid
elements throughout the pre-form that are configured to be
filled with the thermoplastic material in fluid state once
the thermoplastic material is injected into the mould. This
allows promoting and controlling the mixing of the solid
elements and the thermoplastic material in fluid state. The
pre-form for instance has the shape of a part of the volume
to be filled, such as a half shell shape. Alternatively, the
solid elements each have the shape of a part of the volume
to be filled.

According to a further advantageous development of the
method according to the invention the solid elements are
provided with an adhesion promoter. This allows for
improving the bond strength of the bond between the solid
elements and/or adhesion between the material of the solid
elements and the thermoplastic material in fluid state,
depending on the type of promoter that is provided.
Preferably the surface of the solid elements is provided
with the adhesion promoter. Further the adhesion promoter is
preferably a heat activable adhesion promoter. The promoter
can be a different polymeric material or consist of
exothermic chemicals, i.e. chemicals that generate heat
after the activation thereof. In an alternative embodiment,
in order to improve the adhesion, the solid elements are
surface treated, for example by plasma or corona treatment.
Further it is alternatively possible to mechanically treat
the surface of the solid elements to improve the adhesion.

According to a further advantageous development of the
method according to the invention the mixture of the solid
elements and the thermoplastic material in fluid state

contains 30 vol-% to 98 vol-%, such as 30, 35, 40, 45, 50,
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55, 60, 65, 70, 75, 80, 85, 90, 95, 98 vol-%; preferably 70
vol-% to 95 vol-%, such as 70, 74, 78, 82, 86, 90, 924, 95
vol-%, more preferably 80 vol-% to 92 vol-%, such as 80, 82,
84, 86, 88, 90, 92 vol-% solid elements.

According to a further advantageous development of the
method according to the invention the solid elements have
the form of balls, rods, or blocks.

The method according to the invention particularly
reduces the time for solidifying the thermoplastic material
in fluid state in case of coatings of great thicknesses,
such as coatings having thickness of more than 5 mm, in
particular more than 10mm, such as 10, 20, 40, 60, 80, 100,
120, 140, 150, 200, 250mm.

According to a further advantageous development of the
method according to the invention the solid elements each
have a size along any line intersecting the solid elements
comprised between 10 and 100 mm, such as 10, 20, 30, 40, 60,
70, 80, 90, 100 mm. Such sizes are particularly beneficial
for filling a gap of a coating having thickness of more than
10mm.

In a further advantageous development of the method
according to the invention the thermoplastic material in
fluid state is injected into the mould by injection
moulding. This provides for an effective way of introducing
the thermoplastic material in fluid state into the mould. In
an advantageous development thereof the injection moulding
is provided by means of a barrel containing a screw,
preferably by means of an accumulator connected to the
barrel and to the mould. Injection moulding is a
particularly advantageous process in the context of the
present invention, because the material used in the present
method is a thermoplastic polymer material {(that is to be in

fluid state and then solidified). Other polymer material,
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such as thermosetting polymer resin (i.e. polyurethane
resins), not suitable for the method according to the
present invention, are also not suitable for injection
moulding.

In an advantageous embodiment of the method according
to the invention wherein the solid elements are added to the
thermoplastic material in fluid state before being
introduced into the mould and wherein the thermoplastic
material in fluid state is introduced into the mould by
injection moulding by means of a barrel containing a screw
or by an accumulator connected to the barrel, the solid
elements are added to the thermoplastic polymeric material
in fluid state between the barrel and the mould. This allows
that the so0lid elements are added to the thermoplastic
material in fluid state directly before the introduction of
the solid elements and the thermoplastic material in fluid
state into the mould in such a way that it is avoided that
the solid elements melt completely before being introduced
into the mould.

According to an advantageous further development of the
method according to the invention the thermoplastic material
of the solid elements and/or the thermoplastic material in
fluid form is selected from the group consisting of
homopolymers of polypropylene (PP), polyethylene (PE),
polyethylene terephtalate (PET), polyvinyl halide (such as
polyvinyl fluoride (PVF), polyvinyl difluoride (PVDF),
polyvinyl chloride (PVC), polyvinyl dichloride (PVDC),
polytetrafluorcethylene (PTFE)), polyvinyl actetate (PVA),
polyacrylonitrile butadiene styrene (ABS). The thermoplastic
polymer materials can be selected from the group consisting
of copolymers of polypropylene (PP), polyethylene (PE),
polyethylene terephtalate (PET), polyvinyl halide (such as
polyvinyl fluoride (PVF), polyvinyl difluoride (PVDF),




10

15

20

25

30

WO 2013/070074 PCT/NL2012/050784
15

polyvinyl chloride (PVC), polyvinyl dichloride (PVDC)),
polyvinyl actetate (PVA), polyvinyl chloride (PVC),
polyvinyl dichloride (PVDC), polytetrafluoroethylene
(PTFE)), polyvinyl actetate (PVA), polyacrylonitrile
butadiene styrene (ABS), with any thermoplastic polymer
material, such as polypropylene (PP), polyethylene (PE),
polyethylene terephtalate (PET), polyvinyl halides (such as
polyvinyl fluoride (PVF), polyvinyl difluoride (PVDF),
polyvinyl chloride (PVC), polyvinyl dichloride (PVDC),
polychlorotrifluorocethylene (PCTFE)), polyvinyl actetate
(PVA), polyvinyl chloride (PVC), polyvinyl dichloride
(PVDC), polytetrafluoroethylene (PTFE)), polyvinyl actetate
(PVA), polyacrylonitrile butadiene styrene (ABS),
polystyrene (PS).

Advantageously, the thermoplastic polymer material is a
homopolymers or a copolymer of polypropylene or
polyethylene. The use of polypropylene or polyethylene
allows for relatively low material costs in combination with
relatively good thermo-insulation.

According to an advantageous development of the method
according to the invention the solid elements are cooled
before injecting the thermoplastic polymeric material in
fluid form into the mould, preferably before being
introduced into the mould. This has the effect that the
thermoplastic material in fluid state can solidify in a
shorter time. This development is advantageously combined
with the development of pre-bonding the solid elements by
heating, wherein preferably the solid elements are cooled
before pre-bonding the solid elements. In the latter case
preferably the surface of coocled solid elements is heated
such that it melts while the core of the solid elements

remains relatively cold, resulting in a good bonding between
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the solid elements and subsequently a particularly good
cooling of the thermoplastic material in fluid state.

The present invention is further related to a method
for field joint coating comprising the steps of

- providing two lengths of pipe coated with a coating,
preferably a thermo-insulating coating, wherein at least one
end of each length of pipe is uncoated along a certain part
of the length of pipe;

- placing the uncoated ends against each other;

- applying a girth weld to join said ends to form a
pipeline coated with a coating and with a gap in said
coating surrounding the girth weld; and

- filling said gap by means of the steps of the method
according to the invention as described herein above.

As the lengths of pipe are joined in the field, i.e. on
the location where the pipeline is being laid, the process
of coating of the joints, i.e. girth-welds, is called field
joint coating.

In a preferred embodiment thereof the coating of said
two lengths of pipe comprises a thermoplastic polymeric
material. This makes it possible to achieve that the coating
of the pipeline which comes into contact with the
thermoplastic material in fluid state melts or softens, such
that the bonding between the coating of the lengths of pipe
and the resulting infill is improved. In a further preferred
embodiment the thermoplastic polymeric material in fluid
state that is placed in the gap is the same thermoplastic
polymeric material as thermoplastic polymeric material of
the coating. By “same thermoplastic polymer material” is to
be understood a homopolymer or a copolymer of the same
thermoplastic polymer material. This embodiment allows for a
particularly good bonding, and makes it possible to achieve

that the coating of the resulting pipeline is more uniform
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along the length thereof. The latter result is in particular
achieved in case the coating of the lengths of pipe consists
of a thermoplastic polymeric material, and the thermoplastic
polymeric material in fluid state and the thermoplastic
polymeric material of the solid elements are the same
thermcplastic polymer material as the thermoplastic polymer
material of the coating of the lengths of pipe. Again, by
“same thermoplastic polymer material” is to be understood a
homopolymer or a copolymer of the same thermoplastic polymer
material.

The present invention is further related to a pipeline
coated by means of the method according to the invention as
described herein above.

The present invention is further related to a pipeline
coated with a coating, preferably a thermo-insulating
coating, comprising a gap in said coating filled by a
mixture of solid elements, preferably comprising a polymeric
material, more preferably a thermoplastic polymeric
material, and a thermoplastic polymeric material in f£luid
state.

The present invention is further related to a kit of
parts for performing the method according to the invention
as described herein above wherein the thermoplastic material
in fluid state is injected in a mould surrounding the gap,
said kit comprising:

- a mould configured to surround the gap in the coating
of the pipeline coated with a coating;

- so0lid elements configured to be introduced into the
mould preferably comprising a polymeric material, more
preferably a thermoplastic polymeric material;

- a device configured to melt thermoplastic material
into fluid state and to introduce said thermoplastic

polymeric material in fluid state into the mould; and
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~ thermoplastic polymeric material adapted to be melted
into fluid state and to be introduced in fluid state into
the mould by means of said device.

The present invention is further elucidated in the
following description with reference to the accompanying
schematic figures.

Figures 1 to 6 show the method for filling a gap in the
coating of a pipeline coated with a thermo-insulating
coating according to the invention in either a perspective
view or a cross-sectional side view;

Figure 7 shows a further alternative embodiment of the
method according to the invention relative to the method as
shown in figures 1 to 6.

In the figures the method for filling a gap in the
coating of a pipeline coated with a thermo-insulating
coating according to the invention is shown as part of a
method for field joint coating.

Figure 1 shows a ferromagnetic pipeline 1 having a
steel wall 3. The outside surface 3a of the steel wall of
the pipeline is coated with a thermo-insulating coating 5
made of polypropylene. The pipeline 1 is formed by butt-
welding the end 7a of a first length of pipe 7 to the end 9%9a
of a second length of pipe 9 by means of a circumjacent
girth-weld 11. Each length of pipe 7, 9 is at the respective
end 7a, 9a thereof uncoated along a certain part L7, L9 of
the length of pipe 7, 9, such that a so-called cut back
results. The uncoated ends 7a, %9a form a gap 13 in the
thermo-insulating coating 5. The thickness a of the coating
as shown in figure 1 is about 150mm.

In figure 1 are further shown two half shells 15 and
17. One shell 15 is connected to the end 1%9a of a barrel 19
of an injection moulding device. The other shell 17 is

provided with a hole 21 in which a plug 23 is arranged.
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According to the invention a mixture of solid elements
and a thermoplastic material in fluid state is placed in the
gap 13 in a number of steps.

According to a first embodiment of the method according
to the invention in a first step the half shells 15 and 17
are arranged over de gap 13, such that the half shells 15,
17 form a mould 25 surrounding the gap 13. The half shells
15, 17 are provided with positioning pins 27 and positioning
holes 29 to help aligning the half shells with respect to
one another.

Subsequently, as shown in figure 2, solid elements 31
are introduced in the mould 25 through the hole 21. As shown
in the detailed view of one of the solid elements 31, the
solid element has the form of a ball with a through-hole 33,
and flattened parts 35 on opposite sides thereof. However,
in an alternative advantageous embodiment the solid elements
do not have a through-hole 33. The solid elements 31
comprise or consist of polymeric material such as a
thermoplastic material, in particular polypropylene.

As shown in figure 3 as a result of the form and size
of the solid elements 31, the solid elements 31 form a stack
of solid elements once introduced into the mould 25, wherein
there are interconnected spaces 37 between the solid
elements throughout the stack. In figure 3 i1s shown that the
interconnected spaces 37 have a volume of about 20% of the
volume to be filled, such that already 80% of the volume to
be filled is solid material. However, the already filled
volume could be up to 92% of the volume to be filled. The
solid elements 31 are in contact with each other, such that
forces may be distributed over the solid elements 31. In
particular forces exerted on the solid elements 31

positioned farthest away from the wall of the pipeline
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directed in the direction of the wall, may be distributed to
the wall via the solid elemenls positioned in between.

Before performing the next step of introducing into the
mould 25 thermoplastic material in fluid state, optionally
the step is performed of pre-~-bonding the solid elements 31
by heating the solid elements 31, for instance by means of
hot air or a flame, such that the surfaces of the solid
elements 31 start to melt and are welded together. Further
optionally the step is performed of compacting the solid
elements 31 in the mould, for instance by vibrating the
solid elements 31.

Subsequently the plug 23 is arranged in the hole 21 and
the step is performed of introducing into the mould 25
thermoplastic material, in particular polypropylene, in
fluid state. As shown in figure 4 thermoplastic material 39
in fluid state is introduced into the mould 25 by injecting
thermoplastic material 39 - that was melted into fluid state
in the injection moulding device which comprises barrel 19 -
through the injection hole 41 in the mould 25 that is
connected to the end 19a of the barrel 19 by moving the
screw 43 located in the barrel 19 in the direction of arrow
B. The thermoplastic material in fluid state is then forced
through the interconnected spaces 35 between the solid
elements 31 until the volume of the interconnected spaces 35
between the solid elements 31 is filled with the
thermoplastic material 39 in fluid state. Alternatively, a
so-called accumulator is arranged between the barrel 19 and
the mould 25, which accumulator is fed by the barrel
comprising the screw with the thermoplastic polymeric
material in fluid state and which accumulator comprises a
piston for injecting the material in fluid state into the
mould. Instead of one injection point, multiple injection

points can be used, such that the injection time can be
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further reduced. The plug 23 is provided with venting holes
such that the air that is forced out of the interconnecting
spaces 35 is forced out of the mould 25. However, venting
holes may also be provided on other locations.

When the relative hot thermoplastic material 39 in
fluid state, for instance having a temperature of 200-250
degrees Celsius, is brought into contact with the relatively
cold solid elements 31, the thermoplastic material 39 in
fluid state starts to cool and consequently solidifies,
while the surface of the solid elements 31 is heated and
consequently softens or melts. This results in a mixture M
as shown in the detailed view to figure 4 of softened or
partly melted solid elements 31 and partly solidified
thermoplastic material 39.

After letting the thermoplastic material in the mould
25 solidify to a certain extend the mould 23 is removed, as
shown in figure 5, by moving the half shells 15, 17 in the
direction of arrows C away from the resulting infill 45.

As shown in figure 6, after full solidification of the
thermoplastic material of the infill 45, partly melted solid
elements 31 could still be recognisable in the material of
the infill 45. In figure 5, it is indicated by means of
arrows VI where the view of figure 6 is located.

It is also shown in figure 6 that an anti-corrosion
coating 47, 49, or coating improving the adhesion between
the outside surface 3a of steel wall 3 and the thermo-
insulating coating 5, is provided between the outside
surface 3a of steel wall 3 and the thermo-insulating coating
5 before coating the outside surface 3a of the steel wall 3
and before placing the mixture of solid elements 31 and
thermoplastic material 39 in fluid state into the gap 13.
The coating 47, 49 has a thickness b of about 500 pm.

In figure 7 a further alternative embodiment of the

method according to the invention as shown in figures 1 to 6
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is shown. Instead of surrounding the gap by means of a mould
25 before introducing into the mould 25 the solid elements
31, the solid elements are placed in the gap pre-bonded into
two pre-forms 51, 53 in the direction of arrows D before
surrounding the gap by means of the mould 25. After
surrounding the gap by means of the mould 25 by arranging
the half shells 15, 17 around the gap 13, the thermoplastic
material 39 in fluid state is introduced into the mould 25.
In the pre-forms 51, 53 the solid elements are pre-bonded
such that there are interconnected spaces between the bonded
solid element throughout the pre-form that are configured to
be filled with the thermoplastic material in fluid state
once the thermoplastic material 39 is injected into the
mould 25. Alternatively it 1is possible that the pre-forms
51, 53 are solid throughout the pre-form, and thus each
represents one solid element. In the latter case a mixture
of two solid elements is placed into the gap.

Although in figure 7 two pre-forms are shown each in
the shape of a half shell, more pre-forms may be used to
pre-fill the gap.

Apart from the shown embodiments of the method
according to the invention it is also possible to introduce
the thermoplastic material 39 in fluid state and the solid
elements 31 into the mould simultaneously. In that case the
solid elements are for instance added to the thermoplastic
material in fluid state between the end 1%9a of the barrel 19
and the injection hole 41. In case an accumulator is
provided between the barrel 19 and the injection hole 41,
the solid elements are for added to the thermoplastic
polymeric material in fluid state in the accumulator
directly before injecting the thermoplastic polymeric

material in fluid state into the mould, such that the solid
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elements do not melt or melt only partially before entering
the mould.

Furthermore, it is alternatively also possible to place
the mixture of solid elements and thermoplastic material in
fluid state in the gap before or even without surrounding
the gap by means of a mould. However this is only possible
when the mixture is sufficiently cohesive.

The mould as applied in the method according to the
invention is in an advantagecus further development
additionally provided with cooling means for forced cooling
of the mould, allowing for promoting the extraction of heat
from the material inside the mould.

Furthermore, the mould as applied in the method
according to the invention is in an advantageous further
development additionally provided with vacuum means for
promoting the extraction of air from the inside of the
mould. This helps the thermoplastic material in fluid state
to enter the interconnecting spaces in between the solid
elements.

Before injecting the thermoplastic polymeric material
into the mould, it is possible to cool or heat the solid
elements. It is also possible to first heat the surface of
the solid elements to enhance bonding of the solid elements
to each other and subsequently cool the solid elements to
promote the heat transfer between the thermoplastic material
in fluid state and the solid elements. Alternatively first
the solid elements are cooled, and subsequently the surface
thereof is heated.

It is further advantageous to heat the chamfers of the
coating 5 of the pipe-line 1 to enhance adhesion between the
coating 5 and the material filling the gap 13.

Although in the figures it is shown that a

circumferential gap is filled, also gaps with another form
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may advantageously be filled by means of the method

according to the invention.
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Claims

1. Method for filling a gap in the coating of a
pipeline coated with a coating, preferably a thermo-
insulating coating, comprising the steps of:

- placing in the gap a mixture of solid elements and a
thermoplastic polymeric material in fluid state; and

- letting the thermoplastic polymeric material in fluid
state solidify,
wherein

- the sclid elements comprise a polymeric material,
wherein

- said polymeric material of the solid elements is a
thermoplastic polymeric material, and wherein

- the thermoplastic polymeric material of the solid
elements is the same as said thermoplastic polymeric

material in fluid state.

2. Method according to claim 1,
wherein
- the solid elements consist of thermoplastic polymeric

material.

3. Method according to claim 1 or 2,
wherein the step of placing in the gap a mixture of solid
elements and a thermoplastic polymeric material in fluid
state comprises:

- surrounding the gap by means of a mould;

- introducing in the mould the solid elements; and

- injecting into the mould the thermoplastic polymeric
material in fluid state after introducing in the mould the

solid elements.

4. Method according to claim 3, further comprising
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- pre-bonding the solid elements by heating the solid
elements before introducing the thermoplastic polymeric
material in fluid state into the mould, wherein preferably
the solid elements are heated after introducing the solid

elements into the mould.

5. Method according to claim 3 or 4, further comprising
the step of:

- compacting the solid elements in the mould,
preferably by vibrating the solid elements or by using

assist hot air.

6. Method according to any of claims 3 to 5,
wherein

- the solid elements are designed to form a stack of
solid elements once introduced into the mould wherein there
are interconnected spaces between the solid elements
throughout the stack that are configured to be filled with
the thermoplastic polymeric material in fluid state once the
thermoplastic polymeric material is introduced into the

mould.

7. Method according to claim 1 or 2,
wherein the step of placing in the gap a mixture of solid
elements and a thermoplastic polymeric material in fluid
state comprises:

- surrounding the gap by means of a mould;

- introducing into the mould the solid elements; and

- injecting into the mould the thermoplastic polymeric
material in fluid state simultaneous with introducing in the
mould the solid elements;

wherein preferably
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- the so0lid elements are added to the thermoplastic
polymeric material in fluid state before being introduced

into the mould.

8. Method according to any of claims 3 to 7, wherein a
mixture of solid elements of different sizes and/or shapes

is introduced into the mould.

9. Method according to claim 1 or 2,
comprising the steps of:

- placing the solid elements in the gap;

- surrounding the gap by means of the mould after
placing the solid elements in the gap; and

- injecting into the mould the thermoplastic polymeric
material in fluid state,
wherein preferably

- the solid elements are pre-bonded into a pre-form,
wherein more preferably

- in the pre-form the solid elements are pre-bonded
such that there are interconnected spaces between the bonded
solid element throughout the pre-form that are configured to
be filled with the thermoplastic polymeric material in fluid
state once the thermoplastic polymeric material is injected

into the mould.

10. Method according to any of claims 1 to 9,
wherein

- the solid elements comprise an adhesion promoter,
preferably a heat activatable adhesion promoter, such as an
outer layer of different material or exothermic chemicals;
or wherein

- the solid elements have been surface treated to

promote adhesion, preferably by plasma or corona treatment.
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11. Method according to any of the claims 1 to 10,
wherein

- the mixture of the solid elements and the
thermoplastic material in fluid state contains 30 vol-% to
98 vol-%, preferably 70 vol-% to 95 vol-%, more preferably

80 vol-% to 92 vol-% solid elements.

12. Method according to any of claims 1 to 11,
wherein
- the solid elements have the form of balls, rods, or

blocks.

13. Method according to any of claims 1 to 12,
wherein

- the solid elements each have a size along any line
intersecting the solid elements comprised between 10 and 100

mm.

14. Method according to any of claims 1 to 13,
wherein
- the coating of the pipeline has a thickness of more

than 5 mm, preferably more than 10 mm.

15. Method according to at least any of claims 3, 7,
and 9, wherein the thermoplastic polymeric material in fluid
state is injected into the mould by means of a barrel
containing a screw, preferably by means of an accumulator

connected to the barrel and to the mould.

l16. Method according to at least claims 7 and 15,

wherein
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- the solid elements are added to the thermoplastic
polymeric material in fluid state between the barrel and the

mould.

17. Method according to any of the claims 1 to 16,
wherein

- the polymeric material of the solid elements and/or
the thermoplastic polymeric material in fluid form comprises
a polymer chosen from the group polypropylene (PP),
polyethylene (PE), polyethylene terephtalate (PET),
polyvinyl halide (such as polyvinyl fluoride (PVF),
polyvinyl difluoride (PVDF), polyvinyl chloride (PVC),
polyvinyl dichloride (PVDC), polytetrafluoroethylene
(PTFE) ), polyvinyl actetate (PVA), polyacrylonitrile

butadiene styrene (ABS).

18. Method according to any of the claims 1 to 17,
wherein

- the polymeric material of the solid elements and/or
the thermoplastic polymeric material in fluid form is

a homopolymer or a copolymer.

19. Method according to at least any of claims 3, 7, 9,
wherein the solid elements are cooled before injecting the
thermoplastic polymeric material in fluid state into the

mould, preferably before being introduced into the mould.

20. Method according to at least claims 4 and 19,
wherein
- the solid elements are cooled before pre-bonding the

solid elements.

21. Method for field joint coating, comprising the

steps of:
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- providing two lengths of pipe coated with a coating,
preferably a thermo-insulating coating, wherein at least one
end of each length of pipe is uncoated along a certain part
of the length of pipe;

- placing the uncoated ends against each other;

- applying a girth weld to join said ends to form a
pipeline coated with a coating and with a gap in said
coating surrounding the girth weld; and

- filling said gap by means of the method according to
any of the claims 1 to 20.

22. Method according to claim 21, wherein
- the coating of said two lengths of pipe comprises a

thermoplastic polymeric material.

23. Method according to claim 22, wherein

- the thermoplastic polymeric material in fluid state
that is placed in the gap is the same thermoplastic
polymeric material as thermoplastic polymeric material of

the coating of said two lengths of pipe.



