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(57) ABSTRACT 

The present disclosure is directed to embodiments of com 
posite tubing having properties tailored to meet a Wide 
variety of environmental and Working conditions. Compos 
ite tubes disclosed herein may include one or more of the 
following layers: a internal liner, a composite layer, a 
thermal insulation layer, a crush resistant layer, a permeation 
barrier, buoyancy control layer, a pressure barrier layer, and 
a Wear resistant layer. Grooves may be provided in one or 
more layers of the composite tube to provide increased axial 
permeability to the composite tube. A venting system, 
including vent paths, may be provided in the composite tube 
to vent ?uid that may become trapped Within the Wall of the 
composite tube. 
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COMPOSITE TUBING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t of US. 
Provisional Application No. 60/287,268 ?led Apr. 27, 2001, 
US. Provisional Application No. 60/287,193 ?led Apr. 27, 
2001, US. Provisional Application No. 60/337,848 ?led 
Nov. 5, 2001, and US. Provisional Application No. 60/337, 
025 ?led Dec. 3, 2001. Each of the above-referenced patent 
applications is incorporated herein by reference. 

BACKGROUND 

[0002] Composite tubing is becoming an increasingly 
popular alternative to conventional steel tubing. Composite 
tubing provides improved mechanical properties, greater 
chemical and corrosion resistance, and longer service life 
than conventional steel tubing. As composite tubing is 
introduced into service in different operations, for example 
as line pipe, as doWn-hole Well pipe, or as sub-sea pipe for 
the oil and gas industries, the composite tubing is faced With 
a range of environmental and Working conditions, some of 
Which may affect the performance of composite tubing. For 
example, composite tubing may be exposed to extreme 
temperatures and pressures, may be utiliZed to transport 
highly corrosive ?uids and gases under high pressures, and 
may be subjected to high stresses and strains due to repeated 
spooling and un-spooling from a reel. 

SUMMARY 

[0003] The present disclosure is directed to embodiments 
of composite tubing having properties tailored to meet a 
Wide variety of environmental and Working conditions. The 
composite tubing disclosed herein may be continuous, cor 
rosion and fatigue resistant, and lightWeight, alloWing the 
composite tubing to be repeatedly spooled and un-spooled 
on a reel and making the composite tubing particularly 
suited for use in the oil and gas industry to transport ?uids 
or perform other operations traditionally carried out With 
steel tubing. 

[0004] In accordance With one exemplary embodiment, a 
composite tube includes a substantially ?uid impervious 
layer, a composite layer of ?bers embedded in a matrix, and 
a thermal insulation layer for maintaining the temperature of 
?uid carried by the composite tube Within a predetermined 
temperature range. The thermal insulation layer may be 
disposed at any point throughout the cross-section of the 
composite tube. For example, the thermal insulation layer 
can be disposed betWeen the liner and the composite layer. 
The thermal insulation layer may extend along the entire 
length of the composite tube or may be disposed along one 
or more discrete lengths of the composite tube. 

[0005] Materials for the thermal insulation layer are 
selected based on thermal properties suf?cient to maintain 
the ?uid Within the desired temperature range and are further 
selected to Withstand external forces that may be applied to 
the composite tube as a result of, for example, spooling, 
deployment, or external pressure. Suitable materials for the 
thermal insulation layer may include, for example, syntactic 
foams, foamed thermoset or thermoplastic materials such as 
epoxy, urethane, phenolic, vinylester, polyester, polypropy 
lene, polyethylene, polyvinylchlorides, nylons, thermoplas 
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tic or thermoset materials ?lled With particles (such as glass, 
plastic, micro-spheres, ceramics), ?lled rubber, aerogels, or 
other elastic materials, or composites of these materials. 

[0006] In accordance With another exemplary embodi 
ment, a composite tube includes a substantially ?uid imper 
vious layer, a composite layer of ?bers embedded in a 
matrix, and a crush resistant layer for increasing the hoop 
strength of the composite tube. The crush resistant layer may 
be disposed at any point throughout the cross-section of the 
composite tube and may extend along the entire length of the 
composite tube or may be disposed along one or more 
discrete lengths of the composite tube. The crush resistant 
layer may be bonded or unbonded to adjacent layers. The 
crush resistant layer may be a layer of thermoplastic, ther 
moset material, metal or other material having suf?cient 
strength in the radial direction to increase the hoop strength 
of the composite tube and, thereby, provide increased crush 
or collapse resistance to the composite tube. The crush 
resistant layer may have a hoop strength greater than the 
hoop strength of the substantially ?uid impervious layer and 
the hoop strength of the composite layer. 

[0007] In one embodiment, the crush resistant layer may 
be layer of ?exible corrugated tubing interposed, for 
example, betWeen the composite layer and a pressure barrier 
layer external to the composite layer. The corrugated tubing 
may include a plurality of alternating parallel ridges and 
grooves. The corrugated tubing may be oriented such that 
the ridges and grooves are oriented at 0 degrees (i.e., 
parallel) to the longitudinal axis, at 90 degrees (i.e., perpen 
dicular) to the longitudinal axis, or at any other angle 
(helical) relative to the longitudinal axis. In another embodi 
ment, the crush resistant layer may be a plurality of discrete 
rings spaced along the length of the composite tube and 
interposed, for example, betWeen the interior liner and the 
composite layer. In a further embodiment, the crush resistant 
layer may be a coiled spring interposed, for example, 
betWeen the composite layer and a pressure barrier layer 
external to the composite layer. 

[0008] In accordance With another exemplary embodi 
ment, a composite tube includes an internal, ?uid impervi 
ous liner, a composite layer of ?bers embedded in a matrix 
surrounding and bonded to the internal liner and an external 
layer disposed exterior to the composite layer. The external 
layer may comprise at least one longitudinal section that is 
free to move longitudinally relative to the composite layer 
during bending of the composite tube. The external layer 
may be, for example, a Wear resistant layer, a pressure 
barrier layer, another composite layer, a thermal insulation 
layer, a permeation barrier, or a buoyancy control layer. 
Bonding of the interior liner to the composite layer inhibits 
the separation of the layers during spooling or deployment 
due to shear forces on the composite tube. The interior layer 
may be chemically and/or mechanically bonded to the 
composite layer. In one embodiment, at least one longitu 
dinal section of the external layer may be unbonded to the 
composite layer to permit the longitudinal section to move 
longitudinally relative to the composite layer during bending 
of the composite tube. The external layer is may be 
unbonded to the composite layer to reduce manufacturing 
costs for the composite tube as Well as to increase the 
?exibility of the composite tube during spooling. 

[0009] In accordance With another exemplary embodi 
ment, a composite tube includes an internal liner and a 
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composite layer of ?bers embedded in a matrix surrounding 
at least a portion of the internal liner. The internal liner may 
include a substantially ?uid impervious inner layer and a 
permeation barrier. The permeation barrier operates to 
inhibit the permeation of ?uids, particularly gases under 
pressure, through the internal liner. For example, the per 
meation barrier may have a permeability of less than 1x10“ 
10 (cm3)/cm per sec-cm2-bar, preferably, less than 1x10-12 
(cm3)/cm per sec-cm2-bar. The permeation barrier may 
extend along the entire length of the composite tube or may 
be disposed along one or more discrete lengths of the 
composite tube. 

[0010] The permeation barrier can be constructed from 
any metal, metal alloy, or combinations of metals suitable 
for use in composite tubing. For example, the metal or 
metals may be selected to Withstand the external forces 
applied to the composite tube as a result of spooling, 
deployment, or external pressure and the internal forces 
applied to the composite tube from a pressuriZed ?uid 
carried Within the composite tube. In the case of a metal 
permeation barrier, the permeability of the metal layer 
forming the permeation barrier may be less than 1x10“14 
(cm3)/cm per sec-cm2-bar, and, preferably, is approximately 
Zero In addition, the metal or metals may be selected to 
have a melt temperature greater than the operational tem 
perature of the composite tube. For example, composite 
tubing for use in the oil and gas industry may have an 
operational temperature of up to about 350° F. 

[0011] Alternatively, the permeation barrier can be con 
structed from polymers, such as thermoplastics, thermosets, 
thermoplastic elastomers, metal-coated polymers, ?lled 
polymers, or composites thereof, having the desired perme 
ability to inhibit ?uid ?oW through the permeation barrier. In 
the case of ?lled polymers, ?llers are added to the polymer 
to reduce the permeability of the polymer. Examples of such 
?llers include metallic ?llers, clays, nano-clays, ceramic 
materials, ?bers, silica, graphite, and gels. 

[0012] In the case of a metallic permeation barrier, the 
metallic layer may be applied to the composite tube using a 
Wide variety of processes, generally depending on the type 
of metal used and the intended operating conditions of the 
composite tube. For example, the metallic layer may be a 
metal foil that can be Wrapped about the composite tube 
during manufacturing of the composite tube or co-formed 
With the inner layer of the interior liner. Alternatively, the 
metal foil may be applied to the composite tube using 
conventional coating processes such as, for example, plat 
ing, deposition, or poWder coating. Alternatively, a metal 
foil laminated to a polymer ?lm can be used as a permeation 
barrier, such as aluminum, steel, stainless steel or other 
alloys laminated to polyester, polypropylene, HDPE, or 
other polymer ?lm. In addition, the permeation barrier may 
be a fusible metal having a loW melt temperature that alloWs 
the metal to be applied in a liquid or semi-liquid state to the 
composite tube. Preferably, the fusible metal is selected to 
have a melt temperature less than the processing temperature 
of the composite tubing during manufacturing and greater 
than the intended operational temperature of the composite 
tube. In one exemplary embodiment, the permeation barrier 
may be formed of the fusible metal indium or indium alloys. 
Exemplary indium alloys may include Ag, Pb, Sn, Bi, and/or 
Cd. 
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[0013] In certain exemplary embodiments, a composite 
tube may include an optional adhesive layer interposed 
betWeen the inner layer and the permeation barrier to facili 
tate bonding of the inner layer and the permeation barrier. 
Materials for the adhesive layer may include any polymers 
or other materials suitable for bonding, chemically, 
mechanically and/or otherWise, to the permeation barrier 
and to the inner layer of the internal liner of the composite 
tube. Suitable materials may include, for example, contact 
type adhesives or liquid resin type adhesives, thermoplas 
tics, thermosets, thermoplastic elastomers, metal-coated 
polymers, ?lled polymers, or combinations thereof. In the 
case of thermoplastics and thermoplastic elastomers, the 
adhesive layer material may have a melt temperature greater 
than the operational temperature of the composite tube and 
less than the manufacturing process temperature of the 
composite tube. In one exemplary embodiment, the adhesive 
layer comprises a layer of thermoplastic having a melt 
temperature of less than 350° F. In the case of thermoset 
materials, the adhesive layer material may have a curing 
temperature less than the manufacturing process tempera 
ture of the composite tube. 

[0014] The composite tube may also include an optional 
second adhesive layer interposed betWeen the permeation 
barrier and the composite layer to facilitate bonding of the 
composite layer to the permeation barrier. Materials for the 
second adhesive layer may include any polymers or other 
materials suitable for bonding, chemically, mechanically 
and/or otherWise, to the material forming the permeation 
barrier, e.g., metal, and to the matrix material of the com 
posite layer of the composite tube. Suitable materials may 
include, for example, contact type adhesives or liquid resin 
type adhesives, thermoplastics, thermosets, thermoplastic 
elastomers, metal-coated polymers, ?lled polymers, or com 
binations thereof. In one embodiment, the material forming 
the second adhesive layer is chemically reactive With both 
the metal forming the permeation barrier and the matrix of 
the composite layer. 

[0015] In other exemplary embodiments, the ?rst adhesive 
layer and/or the second adhesive layer may be a composite 
of contact type adhesives or liquid resin type adhesives, 
thermoplastics, thermosets, thermoplastic elastomers, metal 
coated polymers, and/or ?lled polymers. 

[0016] In further exemplary embodiments, the internal 
liner may include multiple ?uid impervious layers, multiple 
permeation barriers, and multiple adhesive layers. For 
example, one exemplary embodiment of a composite tube 
may include an internal liner having a substantially ?uid 
impervious inner thermoplastic layer, a permeation barrier in 
the form of a metal foil layer, a ?rst adhesive layer inter 
posed betWeen the inner layer and the permeation barrier, a 
second substantially ?uid impervious layer external to the 
permeation barrier and a second adhesive layer interposed 
betWeen the permeation barrier and the second substantially 
?uid impervious layer. 

[0017] In accordance With another exemplary embodi 
ment, a composite tube includes an internal liner and a 
composite layer of ?bers embedded in a matrix surrounding 
at least a portion of the internal liner. The internal liner may 
include a substantially ?uid impervious inner layer, a per 
meation barrier, and an optional adhesive layer interposed 
betWeen the permeation barrier and the composite layer to 
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facilitate bonding of the composite layer and the permeation 
barrier. The permeation barrier may operate to inhibit the 
permeation of ?uids, particularly gases under pressure, 
through the internal liner. For example, the permeation 
barrier may have a permeability of less than 1x10“1O (cm3)/ 
cm per sec-cm2-bar, preferably, less than 1x10‘12 (cm3)/cm 
per sec-cm2-bar. The permeation barrier may extend along 
the entire length of the composite tube or may be disposed 
along one or more discrete lengths of the composite tube. 

[0018] In accordance With a further exemplary embodi 
ment, a composite tube includes an internal liner, a com 
posite layer of ?bers embedded in a matrix surrounding at 
least a portion of the internal liner, and a pressure barrier 
layer external to the composite layer. The pressure barrier 
layer may include a substantially ?uid impervious inner 
layer and a permeation barrier. The permeation barrier 
operates to inhibit the permeation of ?uids, particularly 
gases under pressure, through the pressure barrier layer. For 
example, the permeation barrier may have a permeability of 
less than 1x10“1O (cm3)/cm per sec-cm2-bar, preferably, less 
than 1x10‘12 (cm3)/cm per sec-cm2-bar. The pressure barrier 
layer and the permeation barrier may extend along the entire 
length of the composite tube or may be disposed along one 
or more discrete lengths of the composite tube. 

[0019] In certain exemplary embodiments, the pressure 
barrier layer of a composite tube may include an optional 
adhesive layer interposed betWeen the inner layer and the 
permeation barrier to facilitate bonding of the inner layer 
and the permeation barrier. In other exemplary embodi 
ments, the pressure barrier layer of a composite tube may 
include an optional adhesive layer interposed betWeen the 
permeation barrier and another layer of the composite tube, 
such as an external Wear resistant layer, to facilitate bonding 
of the permeation barrier to the additional layer. In further 
exemplary embodiments, the pressure barrier layer may 
include multiple ?uid impervious layers, multiple perme 
ation barriers, and multiple adhesive layers. 

[0020] In other exemplary embodiments, the substantially 
?uid impervious layer of the internal liner, the substantially 
?uid impervious layer of the pressure barrier, and/or other 
layers of the composite tube may include one or more 
surface grooves oriented axially, i.e., generally parallel to 
the longitudinal axis of the composite tube, or oriented 
helically relative to the longitudinal axis of the composite 
tube. The grooves create axially or helically ?oW paths for 
?uids that may permeate into the layers of the composite 
tube. The ?oW paths formed by the grooves operate to 
increase the axial or helical permeability relative to the 
permeability through the cross-section of the composite 
tube. In the case of a composite tube having a generally 
circular cross-section, for example, the axial or helical 
permeability is greater than the radial permeability of the 
composite tube. Thus, ?uid permeating through the Wall of 
the composite tube can be vented from the composite tube 
through the grooves Without becoming trapped Within the 
Wall of the composite tube. 

[0021] In certain exemplary embodiments, a system for 
venting ?uid from the grooves may also be provided. The 
system may include one or more vent paths through the 
layers of composite tube. For example, a vent path may be 
in ?uid communication at one end With an axially or 
helically oriented groove on the interior liner and/or the 
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pressure barrier layer and in ?uid communication With the 
interior or the exterior of the composite tube at another end. 
In this manner, ?uid Within the grooves may be vented or 
otherWise discharged from Within the Wall of the composite 
tube via the vent path. 

[0022] Alternatively, the system for venting ?uid from the 
grooves may be a coupling, ?tting, or other external struc 
ture attached to the composite tube. The coupling may 
include a vent path that is in ?uid communication at one end 
With an axial or helically oriented groove Within the internal 
liner or a pressure barrier layer and in ?uid communication 
With the interior or exterior of composite tube at another end. 
The coupling may include a one-Way check valve Within the 
vent path to inhibit ?uid ?oW into the grooves from the 
interior or exterior of the composite tube. 

[0023] In other exemplary embodiments, the permeation 
barrier of the internal liner and/or the pressure barrier of the 
composite tube may include one or more holes that alloW for 
the ?oW of ?uid through the permeation barrier. For 
example, one or more holes may be provided at discrete 
locations along the length of composite tube to provide 
preferential venting of ?uids across the permeation barrier. 

[0024] In accordance With another exemplary embodi 
ment, a composite tube includes an internal liner and a 
composite layer of ?bers embedded in a matrix surrounding 
at least a portion of the internal liner. The composite tube 
may have high axial permeability relative to the permeabil 
ity through the cross-section of the composite tube to alloW 
for the axial transport of ?uids that may permeate into the 
Walls of the composite tube. For example, the axial perme 
ability of the composite tube may be at least ?ve times 
greater than the radial permeability of a composite tube 
having a circular cross section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] These and other features and advantages of the 
composite tubes disclosed herein Will be more fully under 
stood by reference to the folloWing detailed description in 
conjunction With the attached draWings in Which like refer 
ence numerals refer to like elements through the different 
vieWs. The draWings illustrate principles of the composite 
tubes disclosed herein and, although not to scale, shoW 
relative dimensions. 

[0026] FIG. 1 is a perspective vieW, partially broken aWay, 
of an exemplary composite tube including an interior liner, 
a thermal insulation layer, and a composite layer; 

[0027] FIG. 2 is a side vieW in cross-section of the 
composite tube of FIG. 1; 

[0028] FIG. 3A is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including a 
crush resistant layer disposed betWeen the composite layer 
and an exterior layer; 

[0029] FIG. 3B is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including a 
crush resistant layer disposed betWeen the interior liner and 
the composite layer; 

[0030] FIG. 4A is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including a 
crush resistant layer formed from a corrugated tube; 
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[0031] FIG. 4B is an elongated cross-sectional vieW of the 
corrugated tube of FIG. 4A; 

[0032] FIG. 5 is a perspective vieW, partially broken aWay, 
of another exemplary embodiment of a composite tube 
including a crush resistant layer formed by a plurality of 
spaced-apart rings; 

[0033] FIG. 6A is a perspective vieW, partially broken 
aWay, of another exemplary embodiment of a composite 
tube including a crush resistant layer formed by a coiled 
spring; 

[0034] FIG. 6B is a cross-sectional vieW of the composite 
tube of FIG. 6A; 

[0035] FIG. 7 is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including an 
un-bonded external layer; 

[0036] FIG. 8 is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including a 
layer of loW density material; 

[0037] FIG. 9 is a perspective vieW, partially broken aWay, 
of an exemplary composite tube including a composite layer 
and an interior liner having an inner layer, a permeation 
barrier, and an optional adhesive layer interposed betWeen 
the inner layer and the permeation barrier; 

[0038] FIG. 10 is a side vieW in cross-section of the 
composite tube of FIG. 9; 

[0039] FIG. 11 is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including an 
optional second adhesive layer disposed betWeen the com 
posite layer and the permeation barrier; 

[0040] FIG. 12 is a side vieW in cross-section of another 
exemplary embodiment of a composite tube including a 
composite layer and an interior liner having an inner layer, 
a permeation barrier, and an optional adhesive layer inter 
posed the composite layer and the permeation barrier; 

[0041] FIG. 13 is a side elevational vieW in cross-section 
of another exemplary embodiment of a composite tube 
including an interior liner, a composite layer, and a pressure 
barrier having an inner layer, a permeation barrier, and an 
optional adhesive layer interposed betWeen the inner layer 
and the permeation barrier; 

[0042] FIG. 14 is a perspective vieW, partially broken 
aWay, of an exemplary composite tube including a compos 
ite layer and an interior liner, illustrating axial grooves 
formed on the inner layer of the interior liner; 

[0043] FIG. 15 is a perspective vieW, partially broken 
aWay, of an exemplary composite tube including a compos 
ite layer and an interior liner, illustrating helical grooves 
formed on the inner layer of the interior liner; 

[0044] FIG. 16 is a perspective vieW, partially broken 
aWay, of an exemplary composite tube including a compos 
ite layer and an interior liner having an inner layer and a 
permeation barrier, illustrating vent holes formed in the 
permeation barrier of the interior liner; 

[0045] FIG. 17 is a longitudinal cross-section of an exem 
plary composite tube including a composite layer and an 
interior liner having an inner layer, a permeation barrier, and 
an optional adhesive layer interposed betWeen the inner 
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layer and the permeation barrier, illustrating axial grooves 
formed on the inner layer of the interior liner and vent paths 
providing communication betWeen the axial grooves and the 
interior of the composite tube; and 

[0046] FIG. 18 is a longitudinal cross section of an 
exemplary composite tube including a composite layer and 
an interior liner having an inner layer, a permeation barrier, 
and an optional adhesive layer interposed betWeen the inner 
layer and the permeation barrier, illustrating axial grooves 
formed on the inner layer of the interior liner and an external 
coupling having vent paths providing communication 
betWeen the axial grooves and the interior of the composite 
tube. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0047] Referring to FIGS. 1-2, an exemplary composite 
tube 10 constructed of an internal liner 12, a thermal 
insulation layer 14, and a composite layer 16 is illustrated. 
The composite tube 10 is generally formed along a longi 
tudinal axis 18 and can have a variety of cross-sectional 
shapes, including circular, oval, rectangular, square, polygo 
nal, and the like. The illustrated tube 10 has a circular 
cross-section. The composite tube 10 can generally be 
constructed in manner analogous to one or more of the 
composite tubes described in commonly oWned US. Pat. 
No. 6,016,845, US. Pat. No. 5,921,285, US. Pat. No. 
6,148,866, and US. Pat. No. 6,004,639 and US. Pat. No. 
6,286,558. Each of the aforementioned patents is incorpo 
rated herein by reference. 

[0048] The liner 12 may serves as a ?uid containment 
layer and as a pressure barrier layer to resist leakage of 
internal ?uids from the composite tube 10. In this regard, the 
liner 12 is preferably substantially ?uid impervious to resist 
the leakage of internal ?uid into additional layers of the 
composite tube 10. The liner 12 may be constructed from 
polymeric materials such as thermoplastics and thermoset 
polymers. Alternatively, the liner 12 may be constructed 
from elastomeric or metallic or a heat-shrinkable material. 
The liner 12 may also include ?bers or additives to increase 
the load carrying strength of the liner and the overall load 
carrying strength of the composite tube. 

[0049] In the case of a metal liner, the metals forming the 
liner 12 can include, individually or in combination, steel, 
titanium, lead, aluminum, copper, or stainless steel. In the 
case of a polymeric liner 12, the polymeric materials making 
up the liner 12 can be thermoplastic or thermoset materials. 
For instance, the liner 12 can be formed of homo-polymers, 
co-polymers, composite polymers, or co-extruded compos 
ite polymers. Homo-polymers refer to materials formed 
from a single polymer, co-polymers refers to materials 
formed by blending tWo or more polymers, and composite 
polymers refer to materials formed of tWo or more discrete 
polymer layers that have been permanently bonded or fused. 
The polymeric materials forming the interior liner are pref 
erably selected from a group of various polymers, including 
but not limited to: polyvinylidene ?uoride, etylene tetra?uo 
roethylene, cross-linked polyethylene (“PEX”), polyethyl 
ene, and polyester. Further exemplary thermoplastic poly 
mers include materials such as polyphenylene sul?de, 
polyethersulfone, polyethylene terephthalate, polyamide, 
polypropylene, and acetyl. 
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[0050] The liner 12 can also include ?bers to increase the 
load carrying strength of the liner and the overall load 
carrying strength of the composite tube 10. Exemplary 
composite ?bers include graphite, glass, kevlar, ?berglass, 
boron, and polyester ?bers, and aramid. The liner 12 may 
also be a nano-composite such as polypropylene ?lled With 
nano-clay. 
[0051] The liner 12 may be resistive to corrosive chemi 
cals such as heterocyclic amines, inorganic sulfur com 
pound, and nitrogenous and acetylenic organic compounds. 
Three types of liner material, polyvinylidene ?uoride 
(“PVDF”), etylene tetra?uoroethylene (“ETFE”), and poly 
ethylene (“PE”), have been found to meet the severe chemi 
cal exposure characteristics demanded in particular applica 
tions involving composite coiled tubing. TWo particularly 
attractive materials for the liner material are the RC10-089 
grade of PVDF, manufactured by Atochem, and TefZel® 
manufactured DuPont. 

[0052] In other embodiments of liner 12, the liner com 
prises co-polymers formed to achieve enhanced character 
istics, such as corrosion resistance, Wear resistance and 
electrical resistance. For instance, a liner 12 can be formed 
of a polymer and an additive such that the liner has a high 
electrical resistance or such that the liner dissipates static 
charge buildup Within the composite tube 10. In particular, 
carbon black can be added to a polymeric material to form 
a liner 12 having a resistivity on the order of 108 ohms/ 
centimeter. Accordingly, the carbon black additive forms a 
liner 12 having an increased electrical conductivity that 
provides a static discharge capability. The static discharge 
capability advantageously prevents the ignition of ?am 
mable ?uids being circulated Within the composite tube 10. 

[0053] The polymeric materials forming the liner 12 can 
have an axial modulus of elasticity exceeding 100,000 psi. 
For applications in Which the composite tube 10 may be 
subject to high internal pressure, the liner 12 may have a 
modulus exceeding 100,000 psi. In addition, a liner With an 
axial modulus of elasticity less than 500,000 psi advanta 
geously alloWs the liner to bend, rather than pull aWay from 
the composite layer, as the composite tube is spooled or bent 
around a reel. 

[0054] In certain exemplary embodiments, the liner 12 has 
a mechanical elongation of at least 25%. A liner With a 
mechanical elongation of at least 25% can Withstand the 
increased bending and stretching strains placed upon the 
liner 12 as it is coiled onto a reel and inserted into and 
removed from various Well bores. Accordingly, the mechani 
cal elongation characteristics of the liner 12 may prolong the 
overall life of the composite tube 10. In the case of poly 
meric liners, particularly thermoplastic liners, the liner 12 
preferably has a melt temperature of at least 250° Fahrenheit 
so that the liner is not altered or changed during the 
manufacturing process for forming the composite coiled 
tubing. A liner having these characteristics typically has a 
radial thickness in the range of 0.02-0.25 inches. 

[0055] The composite layer 16 can be formed of one or 
more plies, each ply having one or more ?bers disposed 
Within a matrix, such as a polymer, resin, or thermoplastic. 
The ?ber material and orientation can be selected to provide 
the desired mechanical characteristics for the composite 
layer 16 and the composite tube 10. In the illustrated 
embodiment, the composite layer 16 is disposed external to 
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and is coextensive With the internal liner 12 and the thermal 
insulation layer 14. One skilled in the art Will appreciate that 
other arrangements may be possible. For example, the liner 
12 may be disposed external to the composite layer 16 to 
serve as a substantially ?uid impervious layer and/or a 
pressure barrier layer and inhibit external ?uids from leaking 
through the composite tube 10. Moreover, the composite 
layer 16 and the liner 12, as Well as other layers of the 
composite tube, if present, need not be coextensive circum 
ferentially or coextensive longitudinally. Additional com 
posite layers or other internal or external layers beyond the 
composite layer 16, such as a Wear resistant layer, a pressure 
barrier layer, or an other layer disclosed herein may also be 
provided to enhance the capabilities of the composite tube 
10. 

[0056] In certain exemplary embodiments, the matrix has 
a tensile modulus of at least 100,000 psi, preferably at least 
250,000 psi, and has a maximum tensile elongation of at 
least 5%. In the case of a thermoset matrix, the matrix may 
have a glass transition temperature of at least 180° F. In the 
case of a thermoplastic matrix, the matrix may have a melt 
temperature of at least 250° F. The ?bers may be structural 
?bers and/or ?exible yarn components. The structural ?bers 
may be formed of carbon, nylon, polyester, aramid, thermo 
plastic, glass, or other suitable ?ber materials. The ?exible 
yarn components, or braiding ?bers, may be formed of 
nylon, polyester, aramid, thermoplastic, glass, or other suit 
able ?ber materials. The ?bers included in the composite 
layer 16 can be Woven, braided, knitted, stitched, circum 
ferentially Wound, or helically Wound. In particular, the 
?bers can be biaxially or triaxially braided. The composite 
layer 16 can be formed through pultrusion processes, braid 
ing processes, or continuous ?lament Winding processes. In 
certain exemplary embodiments, a tube formed of the liners 
and the composite layers disclosed herein may form a 
composite tube having a tensile strain of at least 0.25 percent 
and being capable of maintaining an open bore con?guration 
While being spooled on a reel. 

[0057] The liner 12, illustrated in FIG. 1, may also include 
grooves or channels on the exterior surface of the liner. In 
certain embodiments, the liner 12 may be bonded to the 
composite layer 16 or other layers of the composite tube, 
such as the thermal insulation layer 14. The grooves may 
increase the bonding strength betWeen the liner 12 and other 
layers by supplying a roughened surface for the components 
of the other layers, e.g., ?bers, the matrix material, or an 
adhesive, to bond to. For example, in embodiments in Which 
the liner 12 is bonded to the composite layer 16, the grooves 
may further increase the bonding strength betWeen the liner 
12 and the composite layer 16 if the grooves are ?lled With 
a matrix. The matrix may acts as an adhesive, causing the 
composite layer to be securely adhered to the underlying 
liner 12. Preferably, the grooves are helically oriented on the 
liner relative to the longitudinal axis 17. 

[0058] The composite tube 10 may optionally include one 
or more energy conductors Within the composite tube. In 
addition, sensors optionally may be provided Within the 
composite tube 10 to monitor the condition of the tube 
and/or conditions of the ?uid transported by the composite 
tube 10. 

[0059] The thermal insulation layer 14 in the exemplary 
composite tube is disposed betWeen the liner 12 and the 
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composite layer 16 and is provided Within the composite 
tube 10 to maintain the temperature of ?uid carried by the 
composite tube 10 Within a predetermined temperature 
range. Although the exemplary embodiment illustrates the 
thermal insulation layer 14 disposed betWeen the liner 12 
and the composite layer 16, the thermal insulation layer 14 
may be disposed at any point throughout the cross-section of 
the composite tube 10. For example, the thermal insulation 
layer may be disposed interior to the liner 12, exterior to the 
composite layer 16, or betWeen the composite layer 16 and 
additional layer(s), including a Wear protection layer, of the 
composite tube 10. In one embodiment, for example, the 
thermal insulation layer 14 may be disposed betWeen the 
composite layer and an outer Wear resistant layer. The 
thermal insulation layer 14 may extend along the entire 
length of the composite tube 10 or may be disposed along 
one or more discrete lengths of the composite tube 10. In this 
manner, the entire composite tube 10 may be insulated or 
selected segments of the composite tube 10 may be sepa 
rately insulated. Additionally, the thermal properties of the 
thermal insulation layer 14 may be varied along the length 
of the composite tube 10 by, for example, varying the 
material selected or the radial thickness of the thermal 
insulation layer 14. In this manner, selected lengths of the 
composite tube 10 may provide greater thermal insulation to 
the transported ?uid than other lengths of the composite tube 
10. 

[0060] Materials for the thermal insulation layer 14 are 
selected based on the thermal properties required to maintain 
the ?uid Within the desired temperature range. Additional 
consideration may be given to the ability of the material 
selected to Withstand external forces that may be applied to 
the composite tube as a result of, for example, spooling, 
deployment, or external pressure. Suitable materials for the 
thermal insulation layer may include for example, syntactic 
foams, foamed thermoset or thermoplastic materials such as 
epoxy, urethane, phenolic, vinylester, polypropylene, poly 
ethylene, polyvinylchlorides, nylons, thermoplastic or ther 
moset materials ?lled With particles (such as glass, plastic, 
micro-spheres, ceramics), ?lled rubber, aerogels, or other 
elastic materials, or composites of these materials. 

[0061] FIG. 3A illustrates another exemplary embodi 
ment of a composite tube. The composite tube 50 may 
include an internal, ?uid impervious liner 12, a composite 
layer 16 of ?bers embedded in a matrix surrounding the 
internal liner 12, and a crush resistant layer 52 surrounding 
the composite layer 16 for increasing the hoop strength of 
the composite tube 50. The composite tube 50 may also 
include an optional pressure barrier layer 54. In certain 
embodiments, the crush resistant layer may have a hoop 
strength greater than the hoops strength of one or more of the 
other layers of the composite tube, including, for example, 
the interior liner 12 and the composite layer 16. 

[0062] Although the crush resistant layer 52 is illustrated 
as being disposed betWeen the composite layer 16 and the 
pressure barrier layer 54, the crush resistant layer 52 may be 
disposed at any point throughout the cross-section of the 
composite tube 50. For example, the crush resistant layer 
may be disposed interior to the liner 12 (FIG. 3B), exterior 
to the composite layer 16, or betWeen the composite layer 16 
and additional layer(s) of the composite tube 10. The crush 
resistant layer 52 may extend along the entire length of the 
composite tube 52 or may be disposed along one or more 
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discrete lengths of the composite tube. In this manner, 
increased crush resistance may be provided to the entire 
length of the composite tube 50 or to selective longitudinal 
segments of the composite tube 50. In addition, the amount 
of crush resistance, e.g. hoop strength, provided by the crush 
resistant layer 52 may be varied along the length of the 
composite tube 52 by, for example, varying the material used 
for the crush resistant layer 52, the make-up or structure of 
the crush resistant layer 52, and/or the radial thickness of the 
crush resistant layer 52. In this manner, selective longitudi 
nal segments of the composite tube 52 can have increased 
crush resistance compared to other segments of the com 
posite tube 50. 

[0063] The crush resistant layer 52 may be constructed 
from a thermoplastic, thermoset material, metal, ?ber rein 
forced composite material, interlocking metal, corrugated 
metal, or other material having sufficient strength in the 
radial direction to increase the hoop strength of the com 
posite tube and, thereby, provide increased crush or collapse 
resistance to the composite tube 52. In certain exemplary 
embodiments, the crush resistant layer may be a continuous 
layer of axially interlocking rings in Which each ring may 
connected to an axially adjacent ring. Alayer of interlocking 
rings may provide increased hoop strength and increased 
?exibility, as the layer may bend or ?ex at the junction of 
adjacent rings. The interlocking rings may be constructed of 
metal, such as steel or stainless steel, polymers, ?ber rein 
forced composites, or composite/metal hybrids. The rings 
Within a layer may be constructed of the same or different 
materials. 

[0064] In one embodiment illustrated in FIGS. 4A4B, the 
crush resistant layer 52 may be a layer of ?exible corrugated 
tubing 56 interposed, for example, betWeen the composite 
layer 16 and the pressure barrier layer 54 external to the 
composite layer. The corrugated tubing 56 may include a 
plurality of alternating parallel ridges 58 and grooves 60. 
The corrugated tubing 56 may be oriented such that the 
ridges 58 and grooves 60 are oriented at 0 degrees (i.e., 
parallel) to the longitudinal axis, at 90 degrees (i.e., perpen 
dicularly) to the longitudinal axis, or at any other angle (i.e. 
helically) relative to the longitudinal axis. 

[0065] In another embodiment illustrated in FIG. 5, the 
crush resistant layer 52 may be a plurality of discrete rings 
62 spaced along the length of the composite tube 50 and 
interposed, for example, betWeen the composite layer 16 and 
the pressure barrier layer 54. The rings 62 may be oriented 
circumferentially as illustrated or, alternatively, the rings 62 
may be oriented helically, i.e., at an angle to the longitudinal 
axis of the composite tube. 

[0066] In a further embodiment illustrated in FIGS. 6A 
and 6B, the crush resistant layer 52 may be a coiled spring 
64 interposed, for example, betWeen the composite layer 16 
and the pressure barrier layer 54. In the illustrated embodi 
ment, the spring 64 is oriented coaxially With the longitu 
dinal axis of the composite tube. The spring 64 preferably 
has a rectilinear cross-section, as best illustrated in FIG. 6B 
to facilitate incorporation of the spring betWeen the com 
posite layer 16 and the pressure barrier layer 54. One skilled 
in the art Will appreciate that the cross-section of the spring 
may be other shapes Without departing from the scope of the 
present disclosure. 

[0067] In accordance With another exemplary embodiment 
illustrated in FIG. 7, a composite tube 100 includes an 
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internal, ?uid impervious liner 12, a composite layer 16 of 
?bers embedded in a matrix surrounding and bonded to the 
internal liner 12 and an external layer 102 that is free to 
move longitudinally relative to other layers of the composite 
tube. In the illustrated embodiment, for example, the exter 
nal layer 102 is free to move longitudinally relative to the 
adjacent composite layer 16. The external layer 102 may be, 
for example, a Wear resistant layer, a pressure barrier layer, 
or any other layer described herein. 

[0068] As discussed above, the layers of the composite 
tubes disclosed herein may be optionally bonded to one 
another. For example, the liner 12 may be optionally bonded 
to the composite layer 16. Bonding of the liner 12 to the 
composite layer 16 inhibits the separation of the layers 
during spooling or deployment due to shear forces on the 
composite tube 100. The liner 12 may be, for example, 
chemically and/or mechanically bonded to the composite 
layer 16. 

[0069] In the illustrated embodiment of FIG. 7, the exter 
nal layer 102 is unbonded to the adjacent composite layer 16 
thereby permitting the external layer 102 to move longitu 
dinally relative to the adjacent composite layer 16. By not 
bonding the external layer or other layer to an adjacent layer, 
manufacturing costs for the composite tube 100 may be 
reduced and the ?exibility of the composite tube 100 during 
bending, for example during spooling, may be increased. An 
unbonded external layer 102 may also be more readily 
repaired or replaced in the event of Wear than an integrally 
bonded external layer. In certain exemplary embodiments, 
one or more discrete lengths of the external layer, or other 
layers, may be unbonded to one or both adjacent layers, if 
the external layer has an adjacent layer on both sides. 
Alternatively, the entire length of the external layer, or other 
layers may be unbonded to one or both adjacent layers, if the 
external layer has an adjacent layer on both sides. 

[0070] Additional exterior layers, for example additional 
composite layers, Wear resistant layers or pressure barrier 
layers may be provided external to the exterior layer 102. 
The additional layers may be bonded to the respective 
adjacent interior layer or may be unbonded depending the 
particular application of the composite tube 100. 

[0071] FIG. 8 illustrates a further exemplary embodiment 
of composite tube 150 that includes an internal, ?uid imper 
vious liner 12, a composite layer 16 of ?bers embedded in 
a matrix surrounding the internal liner 12, and a layer 152 of 
loW density material incorporated Within the composite tube 
to provide buoyancy to at least a longitudinal segment of the 
composite tube 150. An optional pressure barrier layer 54, as 
Well as other additional layers including additional layers 
152 of loW density material and additional composite layers, 
may be provided external to the layer 152 of loW density 
material. Although the layer 152 is illustrated as being 
disposed betWeen the composite layer 16 and the pressure 
barrier layer 54, the layer 152 of loW density material may 
be disposed at any point throughout the cross-section of the 
composite tube 150 including, for example, betWeen the 
inner liner 12 and the composite layer 16. The layer 152 of 
loW density material may extend along the entire length of 
the composite tube 150 or may be disposed along one or 
more discrete lengths of the composite tube 150. The layer 
152 of loW density material alloWs selected longitudinal 
segments or the entire length of the composite tube to have 
positive or neutral buoyancy. 
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[0072] Preferably, the loW density material for the layer 
152 is selected to have a speci?c gravity of less than or equal 
to 1. Suitable loW density materials may include, for 
example, syntactic foams, foamed thermoset or thermoplas 
tic materials such as epoxy, urethane, phenolic, vinylester, 
polypropylene, polyethylene, polyvinylchlorides, nylons, 
thermoplastic or thermoset materials ?lled With particles 
(such as glass, plastic, micro-spheres, ceramics), ?lled rub 
ber or other elastic materials, or composites of these mate 
rials. 

[0073] In a further alternative embodiment, a layer of high 
density material may be incorporated into a composite tube 
to selectively Weight segments or the entire length of the 
composite tube and thereby selectively provide negative 
buoyancy to the composite tube. Preferably, the high density 
material selected has a speci?c gravity greater than 1.25 and 
preferably greater than 2.0. The layer of high density mate 
rial may be incorporated into the composite tube in a manner 
analogous to the layer 152 of loW density material described 
above. Moreover, a composite tube may include segments of 
loW density material and segments of high density material. 

[0074] Referring to FIGS. 9 and 10, an exemplary com 
posite tube 200 constructed of an interior liner 212 and a 
composite layer 18 is illustrated. The liner 212 serves as a 
?uid containment and permeation barrier to resist perme 
ation of internal ?uids from the composite tube 200. In the 
exemplary embodiment illustrated in FIGS. 9 and 10, the 
liner 212 includes a ?uid impervious inner layer 218, a 
permeation barrier 220, and an optional adhesive layer 222 
interposed betWeen the inner layer 218 and the permeation 
barrier 220. The inner layer 218 is may be constructed in a 
manner analogous to the interior liner described above. For 
example, the inner layer 218 may be constructed from 
polymeric materials such as thermoplastics and thermoset 
polymers, and may also be constructed from elastomeric or 
metallic or a heat-shrinkable material. The inner layer 218 
may also include ?bers or additives to increase the load 
carrying strength of the liner and the overall load carrying 
strength of the composite tube. 

[0075] The permeation barrier 220 may be constructed 
from any metal or combinations of metals suitable for use in 
composite tubing and having a permeability sufficient to 
inhibit the permeation of ?uid through the permeation 
barrier. For example, the metal selected for the permeation 
barrier 220 may have a permeability of less than 1x10“1O 
(cm3)/cm per sec-cm2-bar, preferably, less than 1x10“12 
(cm3)/cm per sec-cm2-bar. In addition, the metal or metals 
may be selected to Withstand the external forces applied to 
the composite tube 10 as a result of spooling, deployment, 
or external pressure, as Well as the internal forces applied to 
the composite tube 200 from a pressuriZed ?uid carried 
Within the composite tube. In addition, the metal or metals 
may be selected to have a melt temperature greater than the 
operational temperature of the composite tube 200. For 
example, composite tubing for use in the oil and gas industry 
may have an operational temperature of up to approximately 
350° F. A metal layer forming the permeation barrier may 
have a permeability of less than 1x10‘14 (cm3)/cm per 
sec-cm2-bar, and, preferably, approximately Zero 

[0076] Alternatively, the permeation barrier 220 can be 
constructed from polymers, such as thermoplastics, thermo 
sets, thermoplastic elastomers, nano-composites, metal 
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coated polymers or composites thereof, having the desired 
permeability to inhibit ?uid permeation through the perme 
ation barrier, as Well as the desired structural properties. 

[0077] In the case of a metallic permeation barrier 220, the 
metallic layer forming the permeation barrier may be 
applied to the composite tube 200 using a Wide variety of 
processes, generally depending on the type of metal used 
and the intended operating conditions of the composite tube. 
For example, the metallic layer may be a metal foil that can 
be Wrapped about the composite tube 200 during manufac 
turing of the composite tube or co-formed With the inner 
layer of the interior liner. Alternatively, the metal forming 
the permeation barrier may be applied to the composite tube 
200 using conventional coating processes such as, for 
example, plating, deposition, or poWder coating. In addition, 
the permeation barrier may be a fusible metal having a loW 
melt temperature that alloWs the metal to be applied in a 
liquid or semi-liquid state to the composite tube and also 
alloWs the metal to form a seal With the layer the metal is 
applied to prevent permeation. Preferably, the fusible metal 
is selected to have a melt temperature less than the process 
ing temperature of the composite tubing during manufac 
turing and greater than the intended operational temperature 
of the composite tube. Indium or Indium alloys, for example, 
may be a suitable fusible metal for use in the metallic layer. 

[0078] Although the exemplary embodiment illustrates the 
permeation barrier 220 disposed Within the liner 212 of the 
composite tube 200, the permeation barrier 220, as Well as 
one or more optional adhesive layers, if necessary, may be 
disposed at any point throughout the cross-section of the 
composite tube 200. For example, the permeation barrier 
220 may be disposed interior to the liner 212, exterior to the 
composite layer 16, betWeen the composite layer 16 and 
additional layer(s) of the composite tube 200, or betWeen 
additional layers of the composite tube. In addition, alter 
native embodiments of the composite tube may include a 
plurality of permeation barriers positioned throughout the 
cross-section of the composite tube. The permeation barrier 
220 may extend along the entire length of the composite tube 
200 or may be disposed along one or more discrete lengths 
of the composite tube 200. In this manner, the entire 
composite tube 200 may include one or more permeation 
barriers or selected segments of the composite tube 200 may 
include one or more permeation barriers. Additionally, the 
permeability of the permeation barrier 220 may be varied 
along the length of the composite tube 200 by, for example, 
varying the material selected, the radial thickness or the 
density of the permeation barrier 220. In this manner, 
selected lengths of the composite tube 200 may have greater 
permeability than other lengths of the composite tube 200. 

[0079] The optional adhesive layer 222 may be provided 
to facilitate bonding betWeen the ?uid impervious layer 218 
and the permeation barrier 220. Materials for the optional 
adhesive layer 222 may include any polymers or other 
materials suitable for bonding, chemically, mechanically 
and/or otherWise, to the material forming the permeation 
barrier, e.g., metal, and to the material forming the inner 
layer 218 of the internal liner 212 of the composite tube 200. 
Suitable materials for the adhesive layer 222 may include, 
for example, contact type adhesives or liquid resin type 
adhesives, thermoplastics, thermosets, thermoplastic elas 
tomers, or combinations thereof. In the case of thermoplas 
tics and thermoplastic elastomers, the adhesive layer mate 
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rial may have a melt temperature greater than the operational 
temperature of the composite tube and less than the manu 
facturing process temperature of the composite tube. In one 
exemplary embodiment, the adhesive layer comprises a 
layer of thermoplastic having a melt temperature of less than 
300° F. In the case of thermoset materials, the adhesive layer 
material may have a curing temperature less than the manu 
facturing process temperature of the composite tube. 

[0080] The optional adhesive layer 222 may be applied to 
the inner layer 218, added during the manufacturing process 
for the composite tube 200, or may be applied to the 
permeation barrier 220. The adhesive layer 222 may extend 
along the entire length of the permeation barrier 220 or the 
inner layer 218 or may be disposed along one or more 
discrete lengths betWeen the permeation barrier 220 or the 
inner layer 218. In this manner, the entire length of the 
permeation barrier 220 and the inner layer 218 may be 
bonded together or, alternatively, selected segments of the 
permeation barrier 220 and the inner layer 218 may be 
bonded. Additionally, the bonding or adhesive properties of 
the adhesive layer 222 may be varied along the length of the 
permeation barrier 220 or the inner layer 218. In this manner, 
selected lengths of the permeation barrier 220 and the inner 
layer 218 may have greater bond strength than other lengths 
of the composite tube 200. 

[0081] The adhesive layer 222 is optional. In certain 
exemplary embodiments, an adhesive layer betWeen the 
inner layer 218 and the permeation barrier 220 may not be 
necessary or desired. For example, the material of the inner 
layer 218 may be selected to bond With the material of the 
permeation barrier 220, eliminating the need for a separate 
adhesive layer. In other exemplary embodiments, the per 
meation barrier 220 may not be bonded to the inner layer 
218 or the permeation barrier 220 may be mechanically 
bonded to the inner layer 218 by the compression force 
exerted on the permeation barrier by the layers external to 
the permeation barrier 220. 

[0082] FIG. 11 illustrates another exemplary embodiment 
of a composite tube. The composite tube 250 may include an 
interior liner 212 and a composite layer 16. In the exemplary 
embodiment illustrated in FIG. 11, the interior liner 212 
includes a ?uid impervious inner layer 218, a permeation 
barrier 220, an optional ?rst adhesive layer 222 interposed 
betWeen the inner layer 218 and the permeation barrier 220, 
and an optional second adhesive layer 252 interposed 
betWeen the permeation barrier 220 and the composite layer 
16. The optional second adhesive layer 252 is provided to 
facilitate bonding of the composite layer 16 to the perme 
ation barrier 220. Materials for the second adhesive layer 
252 may include any polymers or other materials suitable for 
facilitating bonding, chemically, mechanically and/or other 
Wise, to the material forming the permeation barrier 222, 
e.g., metal, and to the matrix material of the composite layer 
214 of the composite tube 250. Suitable materials may 
include, for example, contact type adhesives or liquid resin 
type adhesives, thermoplastics, thermosets, thermoplastic 
elastomers, or combinations thereof. In one exemplary 
embodiment, the material forming the second adhesive layer 
252 is chemically reactive With both the metal forming the 
permeation barrier 252 and the matrix of the composite layer 
16. In the case of thermoplastics and thermoplastic elas 
tomers, the material forming the second adhesive layer 252 
may have a melt temperature greater than the operational 
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temperature of the composite tube and less than the manu 
facturing process temperature of the composite tube. In one 
exemplary embodiment, the second adhesive layer com 
prises a layer of thermoplastic having a melt temperature of 
less than 200° F. In the case of thermoset materials, the 
material forming the second adhesive layer 252 may have a 
curing temperature less than the manufacturing process 
temperature of the composite tube. 

[0083] The optional second adhesive layer 252 may be 
applied to the permeation barrier 220 or otherWise added 
during the manufacturing process for the composite tube 
250. The second adhesive layer 252 may extend along the 
entire length of the permeation barrier 220 or composite 
layer 16 or may be disposed along one or more discrete 
lengths betWeen the permeation barrier 220 or composite 
layer 16. In this manner, the entire length of the permeation 
barrier 220 and the composite layer 16 may be bonded 
together or, alternatively, selected segments of the perme 
ation barrier 220 and the composite layer 16 may be bonded. 
Additionally, the bonding or adhesive properties of the 
second adhesive layer 252 may be varied along the length of 
the permeation barrier 220 or the composite layer 16. In this 
manner, selected lengths of the permeation barrier 220 and 
the composite layer 16 may have greater bond strength than 
other lengths of the composite tube 250. 

[0084] FIG. 12 illustrates a further exemplary embodi 
ment of a composite tube 300. The composite tube 300 may 
include an interior liner 212 and a composite layer 16. In the 
exemplary embodiment illustrated in FIG. 12, the interior 
liner 212 includes a ?uid impervious inner layer 218, a 
permeation barrier 220, and an optional adhesive layer 252 
interposed betWeen the permeation barrier 220 and the 
composite layer 16. The optional adhesive layer 252 is 
provided to facilitate bonding of the composite layer 16 to 
the permeation barrier 220 and may be constructed in a 
manner analogous to the second adhesive layer 252 
described above in connection With the exemplary embodi 
ment of FIG. 11. 

[0085] FIG. 13 illustrates a further exemplary embodi 
ment of a composite tube 350. The composite tube 350 may 
include an interior liner 212, a composite layer 16, a pressure 
barrier layer 352 exterior to the composite layer 16, and an 
exterior Wear resistant layer 354. In the exemplary embodi 
ment illustrated in FIG. 13, the interior liner 212 may 
include a ?uid impervious inner layer 218, a permeation 
barrier 220, and an optional adhesive layer 222 interposed 
betWeen the permeation barrier 220 and the inner layer 218, 
as described above in connection With the exemplary 
embodiment of FIGS. 9 and 10. The interior liner 212 may 
also include an optional second adhesive layer 252, as 
described in connection With the embodiment of FIG. 11. 
Alternatively, the interior liner 212 may include only the 
substantially ?uid impervious inner layer 218, as in the case 
of the exemplary embodiment of FIGS. 1 and 2 described 
above. 

[0086] In the exemplary embodiment of FIG. 13, the 
pressure barrier 352 includes a ?uid impervious inner layer 
318, a permeation barrier 320, and an optional adhesive 
layer 322 interposed betWeen the permeation barrier 320 and 
the inner layer 318. The adhesive layer 322 may optionally 
be provided to facilitate bonding of the inner layer 318 to the 
permeation barrier 320. The materials, structure and func 
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tion of the inner layer 318, the permeation barrier 320, and 
the adhesive layer 322 is analogous to that of the inner layer 
218, the permeation barrier 220, and the adhesive layer 222 
of the interior liner 212, described above in connection With 
the exemplary embodiment of FIGS. 9 and 10. Like the 
adhesive layer 222, the adhesive layer 322 is optional. In 
certain exemplary embodiments, the adhesive layer 322 may 
not be necessary or desired. The pressure barrier 352 may 
also include an optional second adhesive layer to facilitate 
bonding of the permeation barrier 320 to the external Wear 
resistant layer 354. 

[0087] FIG. 14 illustrates an additional exemplary 
embodiment of a composite tube. The composite tube 400 
may include an interior liner 212 and a composite layer 16. 
In the exemplary embodiment illustrated in FIG. 14, the 
interior liner 212 includes a ?uid impervious inner layer 218. 
The interior liner 212 may also optionally include a perme 
ation barrier and an optional adhesive layer. The substan 
tially ?uid impervious inner layer 218 of the internal liner 
212 may include a plurality of axially oriented, relative to 
the longitudinal axis 18 of the composite tube 400, surface 
grooves 402. The grooves 402 create axially ?oW paths for 
?uids that may permeate into the inner layer 218 of the 
composite tube 400. The ?oW paths formed by the grooves 
402 operate to increase the axial permeability relative to the 
cross-sectional, e.g., radial, permeability of the composite 
tube 400. For example, the axial permeability of the com 
posite tube 400 may be at least ?ve times greater than the 
radial permeability of the composite tube 400. The axial 
grooves 402 may be in ?uid communication With a venting 
system, described beloW, or may communicate directly With 
the interior or exterior of the composite tube 400. Thus, ?uid 
permeating through the inner layer 218 from the interior of 
the composite tube 400 can be vented from the composite 
tube 400 through the grooves 402 Without becoming trapped 
Within the Wall of the composite tube 400. 

[0088] FIG. 15 illustrates another exemplary embodiment 
of a composite tube that is similar in construction to the 
exemplary embodiment illustrated in FIG. 14. In the exem 
plary embodiment of FIG. 15, the substantially ?uid imper 
vious inner layer 218 of the internal liner 212 may include 
a plurality of helically oriented, relative to the longitudinal 
axis 18 of the composite tube 410, surface grooves 412. 
Similar to the axially grooves 402 described above in 
connection With FIG. 14, the helical grooves 412 create 
helical ?oW paths for ?uids that may permeate into the inner 
layer 218 of the composite tube 410. The ?oW paths formed 
by the grooves 412 operate to increase the axial permeability 
relative to the cross-sectional, e.g., radial, permeability of 
the composite tube 410. For example, the axial permeability 
of the composite tube 410 may be at least ?ve times greater 
than the radial permeability of the composite tube 410. 

[0089] FIG. 16 illustrates an additional exemplary 
embodiment of a composite tube. The composite tube 420 
may include an interior liner 212 and a composite layer 14. 
In the exemplary embodiment illustrated in FIG. 16, the 
interior liner 212 includes a ?uid impervious inner layer 218 
and a permeation barrier 220. The permeation barrier 220 
may include may include one or more holes 222 that alloW 
for the ?oW of ?uid through the permeation barrier 220. For 
example, one or more holes 222 may be provided at discrete 
locations along the length of composite tube 220 to provide 
preferential venting of ?uids across the permeation barrier 
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220. The number and arrangement of the holes 222 may be 
varied depending on the permeability desired proximate the 
holes 222. 

[0090] One skilled in the art Will appreciate the axial 
grooves 402, the helical grooves 412, and the holes 422 may 
be provided on additional layers of the composite tube in 
other exemplary embodiments, including any of the layers 
disclosed herein. For example, axial or helical grooves may 
be provided on the ?uid impervious layer of one or more 
pressures barriers Within the composite tube. Also, the axial 
or helical grooves may be provided on layers other than ?uid 
impervious layers, like, for example, on a composite layer of 
the composite tube. 

[0091] FIG. 17 illustrates an additional exemplary 
embodiment of a composite tube. The composite tube 430 
may include an interior liner 212, a composite layer 16, and 
a Wear resistant layer 354. In the exemplary embodiment 
illustrated in FIG. 17, the interior liner 212 includes a ?uid 
impervious inner layer 218, a permeation barrier 220, and an 
optional ?rst adhesive layer 222 interposed betWeen the 
inner layer 218 and the permeation barrier 220. The sub 
stantially ?uid impervious inner layer 218 of the internal 
liner 212 may include a plurality of axially oriented, relative 
to the longitudinal axis 18 of the composite tube 430, surface 
grooves 402. The composite tube 430 may include a system 
for venting ?uid from the grooves 402. In the present 
exemplary embodiment, the venting system may include one 
or more vent paths 434 through the inner layer 218 of 
composite tube 430. Each vent path 434 may be in ?uid 
communication at one end With an axial groove 402 and in 
?uid communication With the interior 436 of the composite 
tube 430 at another end. In this manner, ?uid Within the axial 
grooves 402 may be vented or otherWise discharged from 
Within the Wall of the composite tube, in this example, 
Within the inner layer 218, of the composite tube 430, via the 
vent paths 434. 

[0092] The vent paths 434 may be provided at any location 
throughout the cross-section of the composite tube and may 
be associated With one or more axial, helical or other 
grooves provided Within the composite tube. Moreover, the 
vent paths 434 may positioned to be in ?uid communication 
With the exterior of the composite tube, as Well as the interior 
of the composite tube as illustrated in FIG. 17 and described 
above. 

[0093] FIG. 18 illustrates an additional exemplary 
embodiment of a composite tube. The composite tube 440 
may include an interior liner 212, a composite layer 16, and 
a Wear resistant layer 354. In the exemplary embodiment 
illustrated in FIG. 18, the interior liner 212 includes a ?uid 
impervious inner layer 218, a permeation barrier 220, and an 
optional ?rst adhesive layer 222 interposed betWeen the 
inner layer 218 and the permeation barrier 220. The sub 
stantially ?uid impervious inner layer 218 of the internal 
liner 212 may include a plurality of axially oriented, relative 
to the longitudinal axis 16 of the composite tube 440, surface 
grooves 402. The composite tube 440 may include a system 
for venting ?uid from the grooves 402. In the present 
exemplary embodiment, an annular coupling 442 attached to 
the composite tube 440 provides the venting system. The 
coupling 442 may include one or more vent paths 444 that 
are each in ?uid communication at one end With an axial 
oriented groove402 Within the inner layer 218 and in ?uid 
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communication With the interior 436 of the composite tube 
440 at another end. A one-Way check valve 446 may be 
provided Within each vent path 444 to inhibit ?uid ?oW into 
the grooves 402 from the interior 436 of the composite tube 
440. In an alternative embodiment, a single vent path 444 
may be provided Within the coupling 442 to provide ?uid 
communication betWeen all the grooves 402 and the interior 
of the composite tube 440. 

[0094] In the exemplary embodiment illustrated in FIG. 
18, the coupling 442 is a pipe-to-pipe connector that con 
nects tWo sections of the composite tube, sections 440A and 
440B, together. In other exemplary embodiments, the cou 
pling 442 may be an end connector for connecting an end of 
the composite tube 440 to external equipment. 

[0095] The exemplary embodiments of composite tubes 
disclosed herein describe multiple layers that may be used 
Within a composite pipe. The layers disclosed herein may be 
used in any of the described exemplary embodiments or may 
be arranged to create additional exemplary embodiments. 

[0096] While the composite tubes disclosed herein have 
been particularly shoWn and described With references to 
exemplary embodiments thereof, it Will be understood by 
those skilled in the art that various changes in form and 
details may be made therein Without departing from the 
spirit and scope of the disclosure. Those skilled in the art 
Will recogniZe or be able to ascertain using no more than 
routine experimentation, many equivalents to the exemplary 
embodiments described speci?cally herein. Such equiva 
lents are intended to be encompassed in the scope of the 
present disclosure. 

1. A composite tube comprising: 

a substantially ?uid impervious layer, 

a composite layer of ?bers embedded in a matrix, and 

a thermal insulation layer formed at least partially of a 
material selected to maintain a ?uid carried Within the 
composite tube Within a predetermined temperature 
range. 

2. The composite tube of claim 1, Wherein the composite 
layer is disposed external to and at least partially surrounds 
substantially ?uid impervious layer. 

3. The composite tube of claim 1, Wherein the substan 
tially ?uid impervious layer is disposed external to and at 
least partially surrounds the composite layer. 

4. The composite tube of claim 1, Wherein the thermal 
insulation layer is disposed betWeen the composite layer and 
the substantially ?uid impervious layer. 

5. The composite tube of claim 1, Wherein thermal insu 
lation layer is disposed external to the composite layer. 

6. The composite tube of claim 1, Wherein the thermal 
insulation layer extends continuously along a complete 
length of the composite tube. 

7. The composite tube of claim 1, Wherein the thermal 
insulation layer extends along one or more discrete lengths 
of a complete length of the tube. 

8. The composite tube of claim 1, Wherein thermal prop 
erties of the thermal insulation layer are varied along a 
length of the composite tube. 

9. The composite tube of claim 1, Wherein the thermal 
insulation layer may be formed at least partially of a 
syntactic foam. 
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10. The composite tube of claim 1, wherein the thermal 
insulation layer may be formed at least partially of a foamed 
thermoset material or a foamed thermoplastic material. 

11. The composite tube of claim 10, Wherein the foamed 
thermoset material or the foamed thermoplastic material is at 
least one of epoxy, urethane, phenolic, vinylester, polypro 
pylene, polyethylene, polyvinylchloride, and nylon. 

12. The composite tube of claim 1, Wherein the thermal 
insulation layer may be formed at least partially of a particle 
?lled material. 

13. The composite tube of claim 12, Wherein the particles 
are at least one of glass, plastic, micro-sheres, and ceramics. 

14. The composite tube of claim 1, Wherein the thermal 
insulation layer may be formed at least partially of an elastic 
material. 

15. The composite tube of claim 1, Wherein the composite 
layer is formed of a ?rst set of ?bers embedded in the matrix 
and at least 80%, by ?ber volume, of the ?bers of the ?rst 
set of ?bers are helically oriented relative to the longitudinal 
axis at an angle of betWeen 130° and 170°. 

16. The composite of claim 1, Wherein the matrix of the 
composite layer has a tensile modulus of elasticity of at least 
100,000 psi. 

17. The composite tube of claim 1, Wherein the matrix is 
formed at least partially of a thermoplastic material having 
a tensile modulus of elasticity of at least 250,000 psi, a 
maximum tensile elongation of greater than or equal to 5%, 
and a melt temperature of at least 250° F. 

18. The composite tube of claim 1, Wherein the matrix is 
formed at least partially of a thermoset material having a 
tensile modulus of elasticity of at least 250,000 psi, a 
maximum tensile elongation of greater than or equal to 5%, 
and a glass transition temperature of at least 1800 F. 

19. The composite tube of claim 1, Wherein the substan 
tially ?uid impervious layer is formed at least partially of a 
thermoplastic polymer having a mechanical elongation of at 
least 25% and a melt temperature of at least 250° F. 

20. The composite tube of claim 1, Wherein the substan 
tially ?uid impervious layer is formed at least partially of a 
composite material comprising of a thermoplastic polymer 
and a metallic material. 

21. The composite tube of claim 1, Wherein the substan 
tially ?uid impervious layer is formed at least partially of a 
metallic material. 

22. The composite tube of claim 1, Wherein the substan 
tially ?uid impervious layer includes a surface having 
grooves or ridges formed thereon to increase surface area of 
the surface and facilitate bonding of the substantially ?uid 
impervious layer to other layers of the composite tube. 

23. A spoolable composite tube comprising: 

a substantially ?uid impervious intern al liner, 

a composite layer disposed exterior to the internal liner, 
the composite tube comprising a ?rst set of ?bers 
embedded in a matrix, at least 80%, by ?ber volume, of 
the ?bers of the ?rst set of ?bers being helically 
oriented relative to the longitudinal axis at an angle of 
betWeen 130° and 170°, the matrix having a tensile 
modulus of elasticity of at least 250,000 psi and a 
maximum tensile elongation of greater than or equal to 
5%, and 

a thermal insulation layer disposed external to the internal 
liner and formed at least partially of a material selected 
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to maintain a ?uid carried Within the composite tube 
Within a predetermined temperature range. 

24. A composite tube comprising: 

a substantially ?uid impervious layer, 

a composite layer of ?bers embedded in a matrix, and 

a crush resistant layer con?gured to provide increased 
hoop strength to the composite tube, the crush resistant 
layer having a hoop strength greater than a hoop 
strength of the substantially ?uid impervious layer and 
a hoop strength greater than a hoop strength of the 
composite layer. 

25. The composite tube of claim 24, Wherein the crush 
resistant layer is formed at least partially from a material 
selected to provide increased hoop strength to the composite 
tube. 

26. The composite tube of claim 25, Wherein the material 
of the crush resistant layer is at least one of a thermoplastic, 
a thermoset material, a metal and combinations thereof. 

27. The composite tube of claim 24, Wherein the crush 
resistant layer has a radial thickness selected to provide 
increased hoop strength to the composite tube. 

28. The composite tube of claim 27, Wherein the radial 
thickness of the crush resistant layer is greater than a radial 
thickness of the substantial ?uid impervious layer and a 
radial thickness of the composite layer. 

29. The composite tube of claim 24, Wherein the crush 
resistant layer comprises a layer of corrugated tubing having 
a plurality of alternating ridges and grooves. 

30. The composite tube of claim 29, Wherein the grooves 
and ridges are oriented at an angle of 0° relative to a 
longitudinal axis of the composite tube. 

31. The composite tube of claim 29, Wherein the grooves 
and ridges are oriented at an angle of 90° relative to a 
longitudinal axis of the composite tube. 

32. The composite tube of claim 29, Wherein the grooves 
and ridges are helically oriented at an angle betWeen 0° and 
90° relative to a longitudinal axis of the composite tube. 

33. The composite tube of claim 24, Wherein the crush 
resistant layer comprises a plurality of discrete rings spaced 
apart along a length of the composite tube. 

34. The composite tube of claim 33, Wherein at least some 
of the rings are oriented circumferentially about a longitu 
dinal axis of the composite tube. 

35. The composite tube of claim 33, Wherein at least some 
of the rings are oriented at angle of less than 90° relative to 
a longitudinal axis of the composite tube. 

36. The composite tube of claim 24, Wherein the crush 
resistant layer comprises a coiled spring oriented coaxially 
With respect to a longitudinal axis of the composite tube and 
extending along a length of the composite tube. 

37. The composite tube of claim 36, Wherein the coiled 
spring has a rectilinear cross-section. 

38. The composite tube of claim 24, Wherein the hoop 
strength of the crush resistant layer varies along a length of 
composite tube. 

39. The composite tube of claim 38, Wherein the radial 
thickness of the crush resistant layer varies along a length of 
the composite tube to thereby vary the hoop strength of the 
crush resistant layer. 

40. The composite tube of claim 38, Wherein the material 
of the crush resistant layer varies along a length of the 
composite tube to thereby vary the hoop strength of the 
crush resistant layer. 
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41. The composite tube of claim 38, wherein the structure 
of the crush resistant layer varies along a length of the 
composite tube to thereby vary the hoop strength of the 
crush resistant layer. 

42. The composite tube of claim 24, further comprising a 
second substantially ?uid impervious layer disposed exter 
nal to the crush resistant layer, Wherein the crush resistant 
layer is disposed external to the ?rst substantially ?uid 
impervious layer. 

43. The composite tube of claim 24, Wherein the com 
posite layer is disposed external to and at least partially 
surrounds substantially ?rst ?uid impervious layer. 

44. The composite tube of claim 24, Wherein the ?rst 
substantially ?uid impervious layer is disposed external to 
and at least partially surrounds the composite layer. 

45. The composite tube of claim 24, Wherein the crush 
resistant layer is disposed betWeen the composite layer and 
the substantially ?uid impervious layer. 

46. The composite tube of claim 24, Wherein crush 
resistant layer is disposed external to the substantially the 
substantially ?uid impervious layer. 

47. The composite tube of claim 24, Wherein the crush 
resistant layer extends continuously along a complete length 
of the composite tube. 

48. The composite tube of claim 24, Wherein the crush 
resistant layer extends along one or more discrete lengths of 
a complete length of the tube. 

49. A spoolable composite tube comprising: 

a substantially ?uid impervious internal liner, 

a composite layer disposed exterior to the internal liner, 
the composite tube comprising a ?rst set of ?bers 
embedded in a matrix, at least 80%, by ?ber volume, of 
the ?bers of the ?rst set of ?bers being helically 
oriented relative to the longitudinal axis at an angle of 
betWeen 130° and 170°, the matrix having a tensile 
modulus of elasticity of at least 250,000 psi and a 
maximum tensile elongation of greater than or equal to 
5%, 

a crush resistant layer disposed exterior to the composite 
layer, the crush resistant layer being con?gured to 
provide increased hoop strength to the composite tube, 
and 

a substantially ?uid impervious layer disposed external to 
the crush resistant layer. 

50. A spoolable composite tube comprising: 

a substantially ?uid impervious internal liner, 

a composite layer disposed exterior to the internal liner, 
the composite tube comprising a ?rst set of ?bers 
embedded in a matrix, at least 80%, by ?ber volume, of 
the ?bers of the ?rst set of ?bers being helically 
oriented relative to the longitudinal axis at an angle of 
betWeen 130° and 170°, the matrix having a tensile 
modulus of elasticity of at least 250,000 psi and a 
maximum tensile elongation of greater than or equal to 
5%, 

a layer of corrugated tubing having a plurality of alter 
nating ridges and grooves disposed exterior to the 
composite layer to provide increased hoop strength to 
the composite tube, and 
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a substantially ?uid impervious layer disposed external to 
the layer of corrugated tubing. 

51. A spoolable composite tube comprising: 

a substantially ?uid impervious internal liner, 

a composite layer disposed exterior to the internal liner, 
the composite tube comprising a ?rst set of ?bers 
embedded in a matrix, at least 80%, by ?ber volume, of 
the ?bers of the ?rst set of ?bers being helically 
oriented relative to the longitudinal axis at an angle of 
betWeen 130° and 170°, the matrix having a tensile 
modulus of elasticity of at least 250,000 psi and a 
maximum tensile elongation of greater than or equal to 
5%, 

a plurality of discrete rings spaced apart along a length of 
the composite tube and disposed external to the com 
posite layer to provide increased hoop strength to the 
composite tube, and 

a substantially ?uid impervious layer disposed external to 
the rings. 

52. A spoolable composite tube comprising: 

a substantially ?uid impervious internal liner, 

a composite layer disposed exterior to the internal liner, 
the composite tube comprising a ?rst set of ?bers 
embedded in a matrix, at least 80%, by ?ber volume, of 
the ?bers of the ?rst set of ?bers being helically 
oriented relative to the longitudinal axis at an angle of 
betWeen 130° and 170°, the matrix having a tensile 
modulus of elasticity of at least 250,000 psi and a 
maximum tensile elongation of greater than or equal to 
5%, 

a coiled spring oriented coaxially With respect to a lon 
gitudinal axis of the composite tube and extending 
along a length of the composite tube, the coiled spring 
being disposed exterior to the composite layer to pro 
vide increased hoop strength to the composite tube, and 

a substantially ?uid impervious layer disposed external to 
the coiled spring. 

53. A spoolable composite tube comprising: 

a substantially ?uid impervious internal liner, 

a composite layer disposed exterior to and bonded to the 
internal liner along at least a portion of a length of the 
liner, the composite tube comprising a ?rst set of ?bers 
embedded in a matrix, at least 80%, by ?ber volume, of 
the ?bers of the ?rst set of ?bers being helically 
oriented relative to the longitudinal axis at an angle of 
betWeen 130° and 170°, the matrix having a tensile 
modulus of elasticity of at least 250,000 psi and a 
maximum tensile elongation of greater than or equal to 
5%, and 

a ?rst external layer disposed exterior to the composite 
layer, the ?rst external layer comprising at least one 
longitudinal section that is free to move longitudinally 
relative to the composite layer during bending of the 
composite tube. 

54. The composite tube of claim 53, Wherein the ?rst 
external layer is a pressure barrier layer. 

55. The composite tube of claim 53, Wherein the ?rst 
external layer is a substantially ?uid impervious layer. 








