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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a multilayer tube (particularly, a fuel transport tube having a multilayer structure)
having reduced permeability to fuels and improved softness, ductility, and impact resistance, and comprising a poly
(butylene terephthalate) resin composition. More specifically, the present invention relates to a halogen-free multilayer
tube comprising a poly(butylene terephthalate) resin composition suitable for molding fuel parts (parts of a fuel system)
and having improved toughness (including toughness even at a low temperature (or low-temperature toughness)),
hydrolysis resistance, organic chemical resistance, ozone resistance, and layer-to-layer adhesiveness.

BACKGROUND OF THE INVENTION

[0002] To cope with more stringent regulations against vapor emission of fuel gases in the automotive field or other
fields in recent years, high barrier properties against fuels have been investigated. Moreover, in order to reduce the
weight of vehicles (such as an automobile) for improving fuel efficiency, the use of resins for fuel-related devices or
peripheral devices thereof increases every year for reducing the weight of these devices. In response to the point, the
demand for the fuel-barrier property of resins has increased. A fluorine-series resin, a poly(butylene naphthalate) (here-
inafter, sometimes referred to as PBN), and others are known as a resin having a high barrier property against fuels.
For example, Japanese Patent Application Laid-Open No. 96564/1995 (JP-7-96564A (Claims)) discloses a fuel transport
tube which has an innermost layer comprising a resin selected from the group consisting of a fluorine resin and a
polyamide-series resin, an intermediate layer comprising a poly(alkylene naphthalate) resin (e.g., a poly(butylene naph-
thalate)), an outer layer composed of a thermoplastic resin or a thermoplastic elastomer, and an adhesive layer formed
between the innermost layer and the intermediate layer. Japanese Patent Application Laid-Open No. 23930/1994 (JP-
6-23930A (Claims)) discloses a multilayer polymer hose or pipe which has at least a blocking layer comprising a polyester
(such as a poly(butylene terephthalate) or a PBN) and is a coextrusion product.

[0003] However, there is a trend to restrict the use of halides including the fluorine-series resin for environmental
reasons. In addition, it is difficult to bond or adhere the fluorine-series resin to another member, and the fluorine-series
resin is unsuitable for a multilayer product. On the other hand, for the polyester such as the PBN, it is necessary to
improve hydrolysis resistance in the case of using the polyester for a monolayer product. Alternatively, it is necessary
to form a multilayer structure containing a layer formed of the polyester and a layer formed of a soft material. Thus, there
was reported a product which was obtained by treating a surface of a polyester resin layer with plasma or sputter to
convert the surface to a surface having an adhesive property and coating the polyester resin layer with a nylon or the like.
[0004] Japanese Patent Application Laid-Open No. 272630/2006 (JP-2006-272630A (Claims)) relates to a fuel hose
having improved low-temperature characteristics, softness, and hydrolysis resistance and discloses a three-layer (or
three-ply) fuel hose comprising a tubular inner layer, a layer having a low permeability to a fuel and being adjacent to
and surrounding an outer peripheral surface of the inner layer, an outer layer being adjacent to and surrounding an outer
peripheral surface of the low-permeability layer. In the fuel hose, the inner layer comprises a polyester resin softened
by alloying or copolymerizing with use of an elastomer component, the low-permeability layer comprises at least one
polyester-series resin selected from the group consisting of a poly(butylene naphthalate) and a poly(butylene tereph-
thalate), and the outer layer comprises a blend polymer of a styrene-isobutylene block copolymer and a polyester
elastomer whose copolymer component is at least one selected from the group consisting of a poly(tetramethylene
glycol) and a dimer acid. Japanese Patent Application Laid-Open No. 261078/2007 (JP-2007-261078A (Claims)) relates
to a fuel hose having improved low-temperature resistance, softness, hydrolysis resistance, weather resistance, and
ozone resistance and discloses a three-layer (or three-ply) fuel hose comprising the same tubular inner layer and low-
permeability layer (or layer having a low permeability to a fuel component) as mentioned above and an outer layer being
adjacent to and surrounding an outer peripheral surface of the low-permeability layer and comprising a blend polymer
of a poly(butylene terephthalate) and at least one member selected from the group consisting of a polymer fine particle
having a core-shell structure, an ethylene-acrylic rubber (AEM), and a styrene-isobutylene copolymer. However, the
elastomer componentis required to have improved weather resistance to ozone or a light beam such as xenon. Moreover,
the polystyrene-series elastomer such as the styrene-isobutylene block copolymer has an insufficient compatibility (or
miscibility) with a poly(butylene terephthalate) or a polyester-series elastomer, which is a problem for the combination
use. Therefore, the use of a compatibilizer (e.g., an ethylene-glycidyl methacrylate copolymer; EGMA) for overcoming
the problem has been also reported.

SUMMARY OF THE INVENTION

[0005] Itis therefore an object of the present invention to provide a multilayer tube (particularly, a multilayer fuel tube)
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which has a low permeability meeting regulations against (evaporative) emission of fuels and vapor thereof as well as
softness, ductility, impact resistance, and improved layer-to-layer adhesiveness.

[0006] Another object of the present invention is to provide a multilayer tube (particularly, a multilayer fuel tube) having
significantly improved hydrolysis resistance, weather resistance, and compatibility.

[0007] It is a further object of the present invention to provide a multilayer tube (particularly, a multilayer fuel tube)
having an excellent toughness (including low-temperature toughness), hydrolysis resistance, organic chemical resist-
ance, and ozone resistance.

[0008] The inventors of the present invention made intensive studies with focuses on a layer structure pattern of a
multilayer tube and a resin composition satisfying demanded properties to achieve the above objects and finally found
the following: (1) a plurality of layers (particularly, at least an inner layer and an outer layer) comprising a poly(butylene
terephthalate) (hereinafter, sometimes referred to as PBT) resin composition or a poly(butylene naphthalate) (hereinafter,
sometimes referred to as PBN) resin composition are only coextruded without using an adhesive or conducting a sec-
ondary processing (e.g., sputtering) to produce a multilayer tube having a high layer-to-layer adhesiveness and improved
various properties including hydrolysis resistance, (2) a tube comprising aninner layer and an outer layer, each comprising
a soft PBT resin composition, and an intermediate layer (a barrier layer) comprising a PBT resin or a PBN resin having
a high barrier property serves as a fuel tube having a high barrier property against fuels or vapor thereof and improved
layer-to-layer adhesiveness, and (3) since particularly an outermost layer directly triggers a possible break of the tube,
it is advantageous that the outermost layer is formed from a soft PBT resin composition having more excellent ductility,
toughness, softness and weather resistance than a resin composition for forming an inner layer. The present invention
was accomplished based on the above findings.

[0009] Thatis, the multilayer tube of the present invention comprises at least the following three layers: an inner layer
contactable with a fuel component s, a barrier layer preventing the fuel component permeating, and an outermost layer,
all as defined in claim 1.

[0010] In such a multilayer tube, each PBT resin (A) forming the inner layer, the barrier layer, and the outermost layer
may comprise a PBT homopolymer and/or a PBT copolymer, and a polyester elastomer (for example, a PBT elastomer).
For example, each PBT resin (A) forming the inner layer, the barrier layer, and the outermost layer may contain (A1) at
least one member selected from the group consisting of a PBT homopolymer and a PBT copolymer and (A2) a polyester
elastomer (e.g., a PBT elastomer), and the weight ratio of the polymer (A1) relative to the elastomer (A2) may be about
30/70 to 70/30. The polyester elastomer may be a PBT elastomer containing a PBT segment as a hard segment in a
proportion of 20 to 90% by weight.

[0011] The elastomer component (B) comprises an acrylic core-shell elastomer free from a diene component. More-
over, the antioxidant (D) may comprise a hindered phenol-series antioxidant or a combination of a hindered phenol-
series antioxidant and a thioether-series antioxidant.

[0012] More specifically, in the multilayer tube, the inner layer, the barrier layer, and the outermost layer may be directly
bonded in this order by coextrusion without using an adhesive agent. In such a multilayer tube, the inner layer may
contain 20 to 40 parts by weight of the elastomer component (B) and 0.01 to 5 parts by weight of the aromatic polycar-
bodiimide compound (C) relative to 100 parts by weight of the PBT resin (A), the barrier layer may contain 0.01 to 5
parts by weight of the aromatic polycarbodiimide compound (C) relative to 100 parts by weight of the PBT resin (A),
and the outermost layer may contain 10 to 80 parts by weight of the elastomer component (B), 0.01 to 5 parts by weight
of the aromatic polycarbodiimide compound (C), and 0.01 to 5 parts by weight of the antioxidant relative to 100 parts by
weight of the PBT resin (A).

[0013] The PBT resin composition for the outermost layer may have a softness which is expressed by a flexural
modulus measured in accordance with a measuring method defined by ISO178 of not more than 600 MPa, and a nominal
strain defined by a tensile test measured in accordance with a measuring method described in 1ISO527-1,2 of not less
than 200%.

[0014] Incidentally, the multilayer tube may be a fuel tube, and the inner layer may be contactable with an automotive
liquid fuel or a vapor of the fuel. The multilayer tube is preferably free from fractures in a 180° bending test after a heat
aging treatment at a temperature of 120°C for 1000 hours. The multilayer tube is preferably free from fractures in a 180°
bending test after a pressure cooker test at 121°C under 2 atm for 48 hours. Further, the multilayer tube preferably has
a permeability of not more than 10 mg/test as a permeability to a fuel measured in accordance with SHED method,
wherein the fuel is a composite fuel which contains 10 parts by volume of ethanol relative to 100 parts by volume of Fuel
C containing toluene and isooctane in a volume percentage ratio of 50/50. In the SHED method, the permeability is
evaluated as the following manner. Specifically, a composite fuel containing 100 parts by volume of Fuel C (containing
toluene and isooctane in a volume percentage ratio of 50/50) and 10 parts by volume of ethanol is used as a gasoline
for the evaluation test (hereinafter, the composite fuel is sometimes referred to as FC/E10). A hose is filled with the
FC/E10, and both ends of the hose are sealed. The hose is allowed to stand at 40°C for 1000 hours for stabilization.
Thereafter, the FC/E10 is removed from the hose, and the hose is filled with fresh FC/E10, and both ends of the hose
are sealed. The hose is allowed to stand under a predetermined heat cycle environment, and the amount of the permeated
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fuel is measured every 24 hours. This operation is repeatedly conducted three times. The maximum value of the three
measurements is regarded as an amount of permeated fuel per one test [(mg/test)=(mg/24Hr)].

[0015] In the present invention, each layer constituting the multilayer tube comprises a PBT resin composition. An
outermost layer, which particularly requires softness or weather resistance, comprises the PBT homopolymer and/or
the PBT copolymer (A1), each having a high weather resistance, the PBT elastomer (A2) having a PBT as a hard
segment highly compatible with the polymer (A1), and the elastomer component (B) in combination forimparting properties
such as softness thereto. Further, addition of the aromatic polycarbodiimide compound (C) and the antioxidant (D)
improves properties such as hydrolysis resistance of a polyester resin. In such a mode, the multilayer fuel tube which
has excellent layer-to-layer adhesiveness, barrier property against fuels, softness, hydrolysis resistance, organic solvent
resistance, and ozone resistance and of which all layers comprises a PBT resin composition can be efficiently produced
by coextrusion molding.

[0016] Incidentally, in this specification, the term "elastomer component (B)" is used in distinction from the term "PBT
elastomer”. The term "elastomer component (B)" does not include the meaning of "PBT elastomer".

DETAILED DESCRIPTION OF THE INVENTION
[0017] The multilayer tube of the present invention (particularly, a multilayer fuel tube) is as defined in claim 1.

(1) The inner layer often has a resistance to a fuel component (fuel resistance) and softness. In particular, when
the PBT resin composition for forming the inner layer comprises a PBT homopolymer and/or a PBT copolymer, and
a PBT elastomer, the inner layer has improved softness and ductility. Moreover, the inner layer requires adhesiveness
to the adjacent barrier layer. Therefore, it is advantageous that the inner layer comprises a PBT resin composition
containing (A) a PBT resin and (B) an elastomer component. Moreover, the PBT resin (A) may comprise a PBT
homopolymer and/or a PBT copolymer, or may comprise a PBT elastomer alone. Use of such a resin composition
improves the adhesiveness between the inner layer and the barrier layer by coextrusion. In the resin composition
for the inner layer, the elastomer component (B) may be used in combination. Since the inner layer is directly
contactable with a fuel, the elastomer component (B) includes an elastomer having a slight (or little) dimensional
change by a fuel (particularly, a core-shell elastomer free from a butadiene component).

In the PBT resin composition for the inner layer, the amount to be used of the elastomer component (B) may be
within a range which allows the elastomer component (B) to impart required softness to the inner layer, for example,
about 20 to 40 parts by weight relative to 100 parts by weight of the PBT resin (A). An excessively small amount of
the elastomer component (B) cannot impart a desired softness to the inner layer. An excessively large amount of
the elastomer component (B) deteriorates the fuel resistance of the inner layer. In order to improve the hydrolysis
resistance, the PBT resin composition for the inner layer further contains (C) an aromatic polycarbodiimide compound.
The amount to be used of the aromatic polycarbodiimide compound (C) may be about 0.01 to 5 parts by weight
relative to 100 parts by weight of the PBT resin (A). The aromatic polycarbodiimide compound (C) may be used in
combination with an epoxy compound.

(2) For the barrier layer, a polyester resin is used from the viewpoint of a barrier property against a fuel component
and adhesiveness to the inner and outer layers. This polyester resin is a poly(butylene terephthalate) resin (PBT
resin).

It is preferable that the PBT resin composition contain a PBT resin in a proportion of not less than 95% by weight
in order to maintain a high barrier property. To improve impermeability (barrier property) against fuel components
and hydrolysis resistance, the barrier layers comprises a resin composition (a PBT resin composition) containing
a polyester resin (a PBT resin) and (C) an aromatic polycarbodiimide compound. It is also preferred to use a poly
(butylene terephthalate) homopolymer and/or a poly(butylene terephthalate) copolymer alone as the PBT resin. The
amount of the aromatic polycarbodiimide compound (C) may usually be about 0.01 to 5 parts by weight (e.g., about
0.1 to 3 parts by weight) relative to 100 parts by weight of the polyester resin. An excessively small amount of the
aromatic polycarbodiimide compound (C) decreases the hydrolysis resistance of the barrier layer. An excessively
large amount of the aromatic polycarbodiimide compound (C) easily causes generation of gel components or carbides
in a melt-molding process. In a combination use with the polyester resin, the aromatic polycarbodiimide compound
(C) may be used alone or together with an epoxy compound. Incidentally, an additive (for example, a filler) may be
added to the PBT resin composition for the barrier layer. In order to maintain a high barrier property, it is preferable
that the PBT resin composition contain a PBT resin in a proportion of not less than 95% by weight.

(3) The outermost layer requires higher softness, ductility, toughness, impact resistance, and others, compared with
the inner layer, in order to conform with the deformation at the install of the tube or caused by actual use. Moreover,
since the outermost layer is exposed to ambient air (or outside air), it is necessary to take the weather resistance
of the outermost layer into consideration. Therefore, it is advantageous that the outermost layer comprises a PBT
resin composition containing (A) a PBT resin, (B) an elastomer component, (C) an aromatic polycarbodiimide com-
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pound, and (D) an antioxidant. If necessary, the PBT resin composition may further contain an epoxy compound.

[0018] In the PBT resin composition for the outermost layer, the amount to be used of the elastomer component (B)
may be about 10 to 80 parts by weight (for example, about 20 to 75 parts by weight) relative to 100 parts by weight of
the PBT resin (A). The amount to be used of the aromatic polycarbodiimide compound (C) may be about 0.01 to 5 parts
by weight (for example, about 0.1 to 2 parts by weight) relative to 100 parts by weight of the PBT resin (A). Moreover,
the amount to be used of the antioxidant (D) may be about 0.01 to 5 parts by weight (for example, about 0.1 to 2 parts
by weight) relative to 100 parts by weight of the PBT resin (A).

[0019] In the outermost layer, when the proportion of the soft component (PBT elastomer) is increased for achieving
a predetermined elastic modulus without using the elastomer component (the core-shell polymer), for example, with
usingonly the PBT resin (the PBT homopolymer and/or the PBT copolymer, and the PBT elastomer), the resin composition
forms an islands-in-the-sea structure, in which the PBT resin forms the islands. Therefore, it is difficult to meet properties
such as weather resistance. On the other hand, when only the elastomer component (the core-shell polymer) and the
PBT homopolymer and/or the PBT copolymer are used for achieving the predetermined elastic modulus, the proportion
of the elastomer component (the core-shell polymer), which is incompatible with the PBT resin, is increased to induce
aggregation of the elastomer component. As a result, the outermost layer decreases in low-temperature impact resist-
ance, and it is difficult to form a molded product. That is, it is desirable that the elastic modulus be adjusted by using the
elastomer component (the core-shell polymer), which is incompatible with the PBT resin, while keeping the proportion
of PBT homopolymer and/or PBT copolymer in the PBT resin as a base resin for maintaining the weather resistance in
a ratio not less than a predetermined value.

[0020] Incidentally, the number of layers in the multilayer tube is at least three. The multilayer tube can have a four-
layer (or four-ply) structure, in which an intermediate layer comprising the PBT resin composition for the inner layer is
interposed between the barrier layer and the outermost layer. For example, an intermediate layer (an intermediate layer
comprising a PBT resin composition) may be interposed between the inner layer and the barrier layer and/or between
the barrier layer and the outermost layer. If necessary, an adhesive layer may further be interposed between the respective
layers. The present invention improves the layer-to-layer adhesiveness and does not necessarily need the adhesive
layer. Therefore, in the multilayer tube of the present invention, the inner layer, the barrier layer, and the outermost layer
are usually directly bonded in this order by coextrusion molding without using an adhesive.

[0021] Componentsto be usedin (1) the inner layer, (2) the barrier layer and (3) the outermost layer, and the proportion
of each component will hereinafter be described.

(A) Poly(butylene terephthalate) resin (PBT resin)

[0022] The PBT resin (A) may comprise (A1) a poly(butylene terephthalate) homopolymer (PBT homopolymer) and/or
a poly (butylene terephthalate) copolymer (PBT copolymer) and (A2) a polyester elastomer (for example, a PBT elas-
tomer). The PBT homopolymer or PBT copolymer (A1) is obtainable (or is obtained) by a polycondensation of a dicar-
boxylic acid component at least containing terephthalic acid or a derivative thereof capable of forming an ester (or an
ester-forming derivative thereof) (for example, a lower alcohol ester such as a methyl ester, an acid chloride, and an
acid anhydride) and a glycol component at least containing an alkylene glycol having four carbon atoms (1, 4-butanediol)
or a derivative thereof capable of forming an ester (or an ester-forming derivative thereof).

[0023] Examples of the PBT copolymer may include a polymer obtainable (or obtained) by using a copolymerizable
monomer in place of some of (e.g., about 1 to 30% by mol, particularly, about 3 to 25% by mol, of) the terephthalic acid
components and/or the 1,4-butanediol components. Examples of the copolymerizable monomer may include a dicar-
boxylic acid component and a diol component. The dicarboxylic acid may include, for example, an asymmetrical ben-
zenedicarboxylic acid (such as phthalic acid or isophthalic acid), an aromatic polycarboxylic acid (such as a naphtha-
lenedicarboxylic acid or pyromellitic acid), an aliphatic C,_4»dicarboxylic acid (such as adipic acid), and an alicyclic
Cg.qodicarboxylic acid. The diol component may include, for example, a C,_4qalkylene glycol or alkene glycol (such as
ethylene glycol, propylene glycol, 1,4-butenediol, neopentyl glycol, 1,5-pentanediol, or 1,6-hexanediol), a (poly)oxy-
alkylene glycol (such as diethylene glycol), a C5_1,cycloalkanediol (such as 1,4-cyclohexanediol or 1,4-cyclohexaned-
imethanol), bis(4-hydroxy)diphenyl, a bisphenol compound [e.g., a bis(hydroxyaryl)C,_galkane (such as bis(4-hydroxy-
phenyl)methane or bis(4-hydroxyphenyl)propane), a bis(hydroxyaryl)C,_;ocycloalkane, a bis(hydroxyaryl)ether, a bis
(hydroxyaryl)sulfone, a bis(hydroxyaryl)sulfide, and a bis(hydroxyaryl)ketone], and an alkylene oxide adduct thereof. If
necessary, a hydroxycarboxylic acid (such as hydroxybenzoic acid or hydroxynaphthoic acid) and/or a lactone (e.g., a
Cs.qolactone such as e-caprolactone) may be copolymerized. Further, if necessary, a polyfunctional (or multifunctional)
compound, for example, a polycarboxylic acid (such as trimellitic acid) and/or a polyol (such as glycerin, trimethylolpro-
pane, trimethylolethane, or pentaerythritol) may be used in combination. The homopolymers and copolymers may be
used alone or in combination. The preferred PBT resin (A1) includes a highly crystalline resin, for example, a poly
(butylene terephthalate) homo- or copolymer having a copolymerizable monomer unit content of about 0 to 10% by mol
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in the whole monomer unit,particularly,a poly(butylene terephthalate) homopolymer (a homopoly(butylene terephthalate)
resin).

[0024] Itis advantageous that the PBT polymer (A1) has an intrinsic viscosity of about 0.6 to 1.4 dl/g, preferably about
0.7 to 1.2 dl/g, when measured in o-chlorophenol as a solvent at 35°C. A PBT polymer having the intrinsic viscosity of
less than 0.6 dl/g insufficiently reduces the volume (or amount) of a gas (such as tetrahydrofuran) generated from a poly
(butylene terephthalate) resin. A PBT polymer having the intrinsic viscosity over 1.4 dl/g decreases flowability for molding.
Incidentally, in order to improve hydrolysis resistance, it is preferable to select a resin having a high intrinsic viscosity
showing the allowable range of flowability.

[0025] The species of the polyester elastomer (A2) is not particularly limited to a specific one. The polyester elastomer
(A2) usually contains a PBT elastomer. The PBT elastomer contains a poly(butylene terephthalate) as a hard segment
and a soft segment. Addition of the PBT elastomer (an elastomer component having a poly(butylene terephthalate) unit)
can impart softness, ductility, and low-temperature impact resistance to the PBT polymer and enhance compatibility
with the PBT polymer.

[0026] The hard segment is not particularly limited to a specific one as long as the segment has a poly(butylene
terephthalate) skeleton (PBT skeleton). Terephthalic acid and an ester-forming derivative thereof (terephthalic acid
component) is used as a dicarboxylic acid component forming the hard segment, and 1, 4-butanediol is utilized as a diol
component forming the hard segment. In the same manner as the poly(butylene terephthalate)-series copolymer, a
copolymerizable monomer (e.g., isophthalic acid and naphthalenedicarboxylic acid) may be used in place of some of
the terephthalic acid components forming the hard segment. Moreover, in the same manner as in the poly(butylene
terephthalate) copolymer, a copolymerizable monomer (e.g., a C,_4qalkylene glycol, a (poly)oxyalkylene glycol, a
Cs_qocycloalkanediol, a bisphenol compound, or an alkylene oxide adduct thereof) may be used in place of some of 1,4-
butanediols forming the hard segment. Furthermore, the hard segment usually comprises a crystalline PBT skeleton.
Further, the hard segment usually has a short-chain ester skeleton.

[0027] In the PBT elastomer, at least one soft segment selected from the group consisting of an aliphatic polyester
and a polyether may be used as the soft segment. The soft segment may be a polyester containing a polyether unit.
[0028] The polyester-based soft segment may be obtained from a polycondensation product of a dicarboxylic acid
(for example, an aliphatic C,_4,dicarboxylic acid such as adipic acid) and a diol [for example, an aliphatic diol, e.g., a
C,_1palkylene glycol (such as 1,4-butanediol) and a (poly)oxyalkylene glycol (such as diethylene glycol)], a polyconden-
sation product of a hydroxycarboxylic acid, a ring-opening polymer of a lactone (for example, a C5_4,lactone such as e-
caprolactone), and others. The polyester-based soft segment is usually an amorphous polyester. Concrete examples
of the polyester as the soft segment include a caprolactone polymer, a polyester of a C,_galkylene glycol and a
Ce.10alkanedicarboxylic acid [for example, a poly(ethylene adipate) and a poly(butylene adipate)], and others. The
number average molecular weight of the polyester may be selected from the range of about 200 to 15000 and may
usually be about 200 to 10000 (e.g., about 300 to 8000).

[0029] The polyether-based soft segment may include a poly(alkylene glycol), for example, a polyC,_,alkylene glycol
such as a poly(oxyethylene glycol), a poly(oxypropylene glycol), a poly(oxytetramethylene glycol). In particular, a poly
(oxytetramethylene glycol) is preferable. The number average molecular weight of the polyether may be selected from
the range of about 200 to 10000 and may usually be about 200 to 6000.

[0030] The soft segment may be a polyester having a polyether unit, for example, a copolymer (a polyether-polyester)
of the above-mentioned aliphatic polyester and the above-mentioned polyether, and a polyester of the above-mentioned
polyether [e.g., a polyoxyalkylene glycol (such as a poly (oxytetramethylene glycol))] and an aliphatic dicarboxylic acid.
[0031] In the polyester elastomer (A2) (e.g., a PBT elastomer), the weight ratio of the hard segment relative to the
soft segment [the former/the latter] may be about 20/80 to 90/10, preferably about 30/70 to 85/15, and more preferably
about 40/60 to 80/20.

[0032] Further, in the PBT resin (A), the weight ratio of the PBT homopolymer and/or PBT copolymer (A1) relative to
the polyester elastomer (A2) (e.g., a PBT elastomer) [the former (A1)/the latter (A2)] may be selected from the range of
about 20/80 to 80/20 depending on the species of each component, the content of the PBT skeleton (or unit), and others.
The weight ratio is usually about 30/70 to 70/30 and preferably about 40/60 to 60/40. A PBT resin having too a high PBT
elastomer content makes the properties of the PBT resin composition insufficient and decreases weather resistance,
chemical resistance, heat resistance, and others. A PBT resin having too a low PBT elastomer content makes softness
or ductility of the PBT resin composition insufficient and also decreases low-temperature impact resistance. Incidentally,
when the PBT resin (A) is used alone, it often difficult to balance the properties mentioned the above and other properties
such as weather resistance. Even when studies are performed in a low-content range of the PBT elastomer component,
it is usually difficult to achieve a predetermined elastic modulus.

(B) Elastomer component

[0033] The elastomer component may be various components which imparts softness to the resin composition, for
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example. an ethylene-vinyl acetate copolymer rubber, an acrylic rubber, a diene-series rubber (a diene-series elastomer
such as a natural rubber, an isoprene rubber, a chloroprene rubber, or a styrene-butadiene copolymer rubber), an olefinic
rubber (e.g., an ethylene-propylene rubber), a fluorine rubber (e.g., a vinylidene fluoride-perfluoropropene copolymer)],
a silicon-containing rubber (a silicon-series elastomer), and a urethane-series rubber. These elastomer components
may be used alone or in combination. Among these elastomer components an elastomer component free from a diene
component, particularly a core-shell elastomer, is preferred.

[0034] In the core-shell elastomer, one of the core layer and the shell layer may comprise a rubber component (a soft
component) and the other may comprise a hard component. In practical cases, the core-shell elastomer usually has a
multilayer structure having a core layer comprising a rubber component and a shell layer comprising a hard resin (e.g.,
a glassy resin), the core layer being coated (or covered) with or included in the shell layer.

[0035] The rubber component may comprise, for example, a polymer of an unsaturated bond-containing monomer
[for example, an acrylic rubber, an olefinic rubber (e.g., an ethylene-propylene rubber), and a fluorine-containing rubber
(e.g., a vinylidene fluoride-perfluoropropene copolymer)], a silicon-containing rubber (a silicon-series elastomer), and a
urethane-series rubber. . Therefore, an elastomer free from a diene component (a butadiene component or a diene-
series rubber), preferably an acrylic rubber, is used as the rubber component. In some cases, a copolymer and/or graft
polymer of a silicon-containing rubber may be used as the rubber component. Incidentally, in spite of being a diene-
series rubber (diene-series elastomer), a hydrogenated rubber, for example, a hydrogenated nitrile rubber or the like,
can be used. The preferable core-shell elastomer includes an acrylic core-shell elastomer.

[0036] The acrylic rubber constituting the core layer may be obtained form a polymerization of an acrylic ester (or
acrylate) and a small amount of a crosslinking monomer (or crosslinkable monomer). The acrylic ester may include, for
example, a Cq_q,alkyl acrylate such as methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, isobutyl acrylate,
hexyl acrylate, 2-ethylhexyl acrylate, or lauryl acrylate. Among these acrylic esters, a C,_galkyl acrylate such as ethyl
acrylate, butyl acrylate, or 2-ethylhexyl acrylate (particularly, an alkyl acrylate containing at least butyl acrylate) is pref-
erable. These acrylic esters may be used alone or in combination.

[0037] The crosslinking monomer may include, for example, an alkylene poly(meth)acrylate (e.g., butylene di(meth)
acrylate); a polyfunctional (meth)acrylate having a plurality of (meth)acryloyl groups, f or example, ethylene glycol di
(meth)acrylate, butylene glycol di(meth)acrylate, poly(or oligo)ethylene glycol di(meth)acrylate (e.g., diethylene glycol
di(meth)acrylate, and triethylene glycol di(meth)acrylate), glycerin triimeth)acrylate, trimethylolethane tri(meth)acrylate,
trimethylolpropane di(meth)acrylate, trimethylolpropane tri(meth)acrylate, pentaerythritol di(meth)acrylate, pentaeryth-
ritol tetra(meth)acrylate, dipentaerythritol tetra(meth)acrylate, and dipentaerythritol hexa(meth)acrylate; a polyfunctional
vinyl compound having a vinyl group, for example, vinyl (meth)acrylate and divinylbenzene; and a polyfunctional allyl
compound having a plurality of allyl groups, for example, allyl (meth)acrylate, diallyl malate, diallyl fumarate, diallyl
itaconate, monoallyl malate, monoallyl fumarate, and triallyl cyanurate. For example, a hydrolytically condensable com-
pound [for example, a silane coupling agent having (meth)acryloyl group (e.g., (meth)acryloyloxyalkyltrialkoxysilane
such as 3-trimethoxysilylpropyl (meth)acrylate)] may also be used as the crosslinking monomer. The representative
examples of the crosslinking monomer include butylene diacrylate. These crosslinking monomers may be used alone
or in combination.

[0038] The amount to be used of the crosslinking monomer may be, for example, about 0.1 to 10 parts by weight (e.g.,
about 0.1 to 5 parts by weight and preferably about 0.2 to 3 parts by weight) relative to 100 parts by weight of the whole
monomer.

[0039] The silicon-containing rubber may comprise, for example, a dimethylpolysiloxane chain, a methylvinylpolysi-
loxane chain, a methylphenylpolysiloxane chain, and a copolymer chain of these siloxane units [e.g. , a dimethylsiloxane-
methylvinylsiloxane copolymer chain, a dimethylsiloxane-methylphenylsiloxane copolymer chain, a dimethylsiloxane-
methyl(3,3,3-trifluoropropyl)siloxane copolymer chain, a dimethylsiloxane-methylvinylsiloxane-methylphenylsiloxane
copolymer chain]. Both end groups of the silicone rubber may be, for example, a trimethylsilyl group. The silicon-containing
rubber may be obtained by a polymerization of an organosiloxane-series monomer. The organosiloxane-series monomer
may include, for example, hexamethyltricyclosiloxane, octamethylcyclosiloxane, decamethylpentacyclosiloxane, do-
decamethylhexacyclosiloxane trimethyltriphenylsiloxane, tetramethylphenylcyclotetrasiloxane, and octaphenylcyclotet-
rasiloxane.

[0040] The glass transition temperature of the rubber component may be, for example, lower than 0°C (e.g., not higher
than -10°C), preferably not higher than -20°C (e.g. , about -180°C to -25°C), and more preferably not higher than -30°C
(e.g., about -150°C to -40°C).

[0041] The shelllayerusually comprises a hard resin component (or glassy resin component) and may usually comprise
a vinyl-series polymer (e.g., a vinyl-series copolymer). The vinyl-series polymer (vinyl-series copolymer) may comprise
a homo- or copolymer of at least one monomer selected from the group consisting of an aromatic vinyl monomer (such
as styrene or a-methylstyrene), a vinyl cyanide monomer (e.g., (meth)acrylonitrile), a methacrylic ester-series monomer
(or a methacrylate monomer), and an acrylic ester monomer (or an acrylate monomer). The methacrylic ester-series
monomer may include, for example, an alkyl methacrylate (e.g., a C4_sgalkyl methacrylate such as methyl methacrylate,
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ethyl methacrylate, propyl methacrylate, butyl methacrylate, hexyl methacrylate, or 2-ethylhexyl methacrylate, preferably
aC,_qpalkyl methacrylate, and more preferably a C,_galkyl methacrylate), an aryl methacrylate (e.g., phenyl methacrylate),
and a cycloalkyl methacrylate (e.g., cyclohexyl methacrylate). The acrylic ester monomer may include an acrylic ester
described in the paragraph of the above-mentioned core layer. The vinyl-series polymer is often a polymer of at least
one member selected from the group consisting of a methacrylic monomer and an aromatic vinyl-series monomer
[particularly, at least methyl methacrylate)]. Incidentally, the vinyl-series polymer constituting the shell layer may be a
copolymer of the vinyl monomer and the above-mentioned crosslinking monomer.

[0042] The glass transition temperature of the shell layer may be, for example, not lower than 30°C (e.g., about 30°C
to 300°C), preferably not lower than 50°C (e.g., about 60°C to 250°C), and more preferably hot lower than 70°C (e.g.,
about 80°C to 200°C).

[0043] In the core-shell polymer, the weight ratio of the core layer relative to the shell layer [the former/the latter]
maybe about 95/5 to 5/95 (e.g. , about 95/5 to 30/70) and preferably about 90/10 to 10/90 (e.g., about 85/15 to 50/50).
[0044] The mean particle diameter of the core- shell polymer (core-shell polymer particle) may be selected from the
range of, for example, about 0.05 to 10 um. The mean particle diameter thereof may be, for example, about 0.05 to 5
wm and preferably about 0.1 to 3 um.

[0045] In the core-shell elastomer, the rubber layer and the ,shell layer are usually bonded to each other by a graft
bond. The graft bond is obtained by, if necessary, adding a graft-crossing agent reactive to the shell layer to the polym-
erization component of the core layer (rubber layer) to introduce a reactive group to the rubber layer and then forming
the shell layer. The graft-crossing agent for the silicon-containing rubber may include an organosiloxane having a vinyl
bond and/or a thiol group (for example, (meth)acryloxysiloxane and vinylsiloxane), and others. Moreover, in terms of
chemical resistance, it is preferable that the core-shell elastomer free from a butadiene component be insoluble in a
mixed solution containing toluene and isooctane in a volume ratio of 1/1 at a room temperature (about 20 to 25°C).
[0046] Incidentally, the core-shell polymer may be prepared by a conventional method (e.g., emulsion polymerization,
seed polymerization, microsuspension polymerization, and suspension polymerization). A commercially available prod-
uct may be used as the core-shell polymer. For example, the core-shell polymer is available as "PARALOID EXL-2314"
from Rohm and Haas Japan K.K.

[0047] The amount to be used of the elastomer component (B) the core-shell elastomer) may be selected depending
on the properties of each layer. For example, in the PBT resin composition for the inner layer, the amount to be used of
the elastomer component (B) may be about 20 to 40 parts by weight relative to 100 parts by weight of the PBT resin
(A). Moreover, the PBT resin composition for the barrier layer, may contain the elastomer component (B) as long as the
barrier layer does not deteriorate barrier property. The PBT resin composition for the barrier layer is usually free from
the elastomer component (B).

[0048] In the PBT resin composition for the outermost layer, the amount to be used of the elastomer component (B)
may be about 10 to 80 parts by weight and preferably about 15 to 80 parts by weight relative to 100 parts by weight of
the PBT resin (A). An excessively small amount of the elastomer component makes it difficult to improve impact resistance
and softness of the outermost layer. Incidentally, the elastomer component (B) is usually incompatible with the PBT
resin component (A). An excessively large amount of the elastomer component not only sometimes makes the improve-
ment in impact resistance or softness insufficient due to generation of aggregation or the like but also sometimes
deteriorates these properties.

(C) Aromatic polycarbodiimide compound

[0049] The aromatic polycarbodiimide compound (C) has a carbodiimide group (-N=C=N-) in a molecule thereof and
contains an aromatic component in a skeleton thereof. A carbodiimide compound of which skeleton contains an aliphatic
component alone makes it difficult to improve the hydrolysis resistance of the resin composition.

[0050] The aromatic polycarbodiimide compound may include, for example, a poly(diphenylalkanecarbodiimide) which
may or may not have a substituent group (for example, at least one substituent group selected from the group consisting
of an alkyl group, a nitro group, an amino group (or an N-substituted amino group), a hydroxyl group, an alkoxy group,
and a halogen atom) [for example, a poly(4,4’-diphenylmethanecarbodiimide), a poly(3,5’-dimethyl-4,4’-biphenylmeth-
anecarbodiimide), and a poly(3,5’-dimethyl-4,4’-diphenylmethanecarbodiimide)] and a poly(arylenecarbodiimide) which
may or may not have the substituent group [for example, a poly(p-phenylenecarbodiimide), a poly(m-phenylenecarbo-
diimide), a poly(naphthylenecarbodiimide), a poly(1,3-diisopropylphenylenecarbodiimide), a poly(1-methyl-3,5-diisopro-
pylphenylenecarbodiimide), a poly(1,3,5-triethylphenylenecarbodiimide), and a poly(triisopropylphenylenecarbodiim-
ide)]. These aromatic polycarbodiimide compounds may be used alone or in combination.

[0051] Among these carbodiimide compounds, a poly(4,4’-diphenylmethanecarbodiimide), a poly(phenylenecarbod-
iimide), and a poly(triisopropylphenylenecarbodiimide) are preferably used.

[0052] The number average molecular weight of the polycarbodiimide compound is about 1,000 to 30,000 and pref-
erably about 2,000 to 25,000. A polycarbodiimide compound having an excessively low number average molecular
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weight possibly has an insufficient heat resistance. A polycarbodiimide compound having an excessively high number
average molecular weight possibly has an insufficient dispersibility in the resin or an insufficient effect to improve hy-
drolysis resistance.

[0053] The amount to be used of the aromatic polycarbodiimide compound (C) may be selected from the range of
about 0 to 5 parts by weight relative to 100 parts by weight of the polyester resin (A) . The amount of the aromatic
polycarbodiimide compound (C) relative to 100 parts by weight of the polyester resin (A) is usually about 0.01 to 5 parts
by weight, preferably about 0.1 to 3 parts by weight, and more preferably about 0.2 to 1.5 parts by weight. An excessively
small amount of the aromatic polycarbodiimide compound (C) makes it difficult to achieve a high hydrolysis resistance.
An excessively large amount of the aromatic polycarbodiimide compound (C) easily causes lowering of flowability, or
generation of gel components or carbides in a compounding or melt-molding process.

(D) Antioxidant

[0054] The antioxidant may include a hindered phenol-series antioxidant, a thioether-series antioxidant, a hindered
amine-series antioxidant, a phosphorus-containing antioxidant, and others.

[0055] The hindered phenol-series antioxidant may be a monocyclic hindered phenolic compound, a polycyclic hin-
dered phenolic compound in which rings are connected or bonded to each other by a hydrocarbon group or a group
containing a sulfur atom, a hindered phenolic compound having an ester group or an amide group, and others. The
hindered phenol-series antioxidant may include, for example, 2,6-di-t-butyl-p-cresol, a C,_4qalkylene bis(t-butylphenol)
[e.g., 2,2-methylene bis(4-methyl-6-t-butylphenol), and 4,4’-methylene bis(2,6-di-t-butylphenol)], a tris(di-t-butyl-hy-
droxybenzyl)benzene [e.g., 1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene], a C,_;qalkanediol-bis[(di-
t-butyl-hydroxyphenyl)propionate [e.g., 1,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]], a di- or
trioxyC,_salkanediol-bis(t-butyl-hydroxyphenyl)propionate [e.g., triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-hydroxy-
phenyl)propionate]], a Cj_galkanetriol-bis[(di-t-butyl-hydroxyphenyl)propionate, a C,_galkanetetraol tetrakis[(di-t-butyl-
hydroxyphenyl)propionate] [e.g., pentaerythritol tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]], a long-chain
alkyl(di-t-butylphenyl)propionate [e.g., n-octadecyl-3-(4’,5-di-t-butylphenyl)propionate, and stearyl-2-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate], 2-t-butyl-6-(3-t-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenyl acrylate, and 4,4’-thiobis
(3-methyl-6-t-butylphenol). These phenol-series antioxidants may be used alone or in combination. The preferred phenol-
series antioxidant to be used may include tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]methane,
triethylene glycol bis[3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionate], and others.

[0056] The thioether-series antioxidant may include, for example, a di(long-chain alkyl)thiodipropionate (for example,
dilaurylthiodipropionate, ditridecylthiodipropionate) and a tetrakis[methylene-3-(long-chain alkylthio)propionate]alkane
(for example, tetrakis[methylene-3-(dodecylthio)propionate]methane). The long-chain alkyl group may include a straight
chain or branched chain Cg_,palkyl group, and others.

[0057] The hindered amine-series antioxidant may include, for example, 4-methoxy-2,2,6,6-tetramethylpiperidine, 4-
benzoyloxy-2,2,6,6-tetramethylpiperidine, bis-(2,2,6,6-tetramethyl-4-piperidyl) oxalate, bis-(2,2,6,6-tetramethyl-4-pip-
eridyl) adipate, bis-(2,2,6,6-tetramethyl-4-piperidyl) terephthalate, 1,2-bis(2,2,6,6-tetramethyl-4-piperidyloxy)ethane,
phenyl-1-naphthylamine, phenyl-2-naphthylamine, N,N’-diphenyl-1,4-phenylenediamine, and N-phenyl-N’-cyclohexyl-
1,4-phenylenediamine.

[0058] The phosphorus-containing antioxidant may include, for example, triisodecyl phosphite, triphenyl phosphite,
diphenylisodecyl phosphite, 2,2-methylene bis(4,6-di-t-butylphenyl)octyl phosphite, tris(2,4-di-t-butylphenyl) phosphite,
tris(2-t-butylphenyl) phosphite, bis(2-t-butylphenyl)phenyl phosphite, tris[2-(1,1-dimethylpropyl)-phenyl] phosphite, tris
(2-t-butyl-4-phenylphenyl) phosphite, and others.

[0059] Further, the antioxidant may include a hydroquinone-series antioxidant (for example, 2,5-di-t-butylhydroqui-
none), a quinoline-series antioxidant (for example, 6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline), and others.

[0060] These antioxidants may be used alone or in combination. Among these antioxidants, in order to prevent dis-
coloration or hydrolysis, the hindered phenol-series antioxidant is preferred as the antioxidant (D). A combination use
of the hindered phenol-series antioxidant and the thioether-series antioxidant more efficiently exerts the above preventive
effects. The antioxidant (D) is also desirable for improving the heat stability of the PBT elastomer. Incidentally, in the
combination use of the hindered phenol-series antioxidant and the thioether-series antioxidant, the weight ratio of the
hindered phenol-series antioxidant relative to the thioether-series antioxidant may be selected from the range of about
90/10 to 10/90 (for example, about 80/20 to 20/80). It is preferable that the weight ratio be adjusted to reduce the amount
of the thioether-series antioxidant. The weight ratio of both components may be about 90/10 to 60/40 (for example, about
80/20 to 70/30).

[0061] The total amount to be added of the antioxidant (D) relative to 100 parts by weight of the PBT resin (A) is about
0.01 to 5 parts by weight (e.g., about 0.1 to 3 parts by weight), preferably about 0.5 to 3 parts by weight (e.g., about 0.5
to 2 parts by weight), and more preferably about 0.7 to 2.5 parts by weight (e.g., about 0.8 to 2.3 parts by weight). An
excessively small amount of the antioxidant (D) is ineffective. An excessively large amount of the antioxidant (D) possibly
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causes bleeding out of the antioxidant from the molded product.

[0062] If necessary, an epoxy compound, particularly a polyepoxy compound (for example, an epoxy resin such as a
glycidyl ether-based epoxy resin or a glycidyl ester-based epoxy resin, and a vinyl-series copolymer having a glycidyl
group) may be added to the resin composition of the present invention. The polyepoxy compound may include, for
example, an aromatic epoxy resin (e.g., a bisphenol epoxy resin and a novolak epoxy resin). The vinyl-series copolymer
may include, for example, a glycidyl (meth)acrylate copolymer, a C,_salkyl (meth)acrylate-glycidyl (meth)acrylate copol-
ymer, an olefin-glycidyl (meth)acrylate copolymer (such as an ethylene-glycidyl (meth)acrylate copolymer), and an olefin-
C,_4alkyl (meth)acrylate-glycidyl (meth)acrylate copolymer. These epoxy compounds may be used alone or in combi-
nation. The amount to be used of the epoxy compound relative to 100 parts by weight of the PBT resin (A) may be about
0.1 to 20 parts by weight (e.g., about 0.5 to 15 parts by weight) and preferably about 1 to 10 parts by weight.

[0063] In the multilayer tube of the present invention, if necessary, an organic or inorganic filler may be added to each
layer (for example, the inner layer and/or the outermost layer). The inorganic filler may include, for example, a particulate
(or a particle)(e.g., calcium carbonate, a highly dispersive silicate, an alumina, aluminum hydroxide, a talc, a clay, a
mica, a glass flake, a glass powder, a glass bead, a quartz powder, a silica sand, a wollastonite, a carbon black, barium
sulfate, a calcined gypsum, silicon carbide, boron nitride, and silicon nitride), a plate-like (inorganic compound), a fiber
(e.g., a glass fiber and a carbon fiber). These fillers may be used alone or in combination.

[0064] Moreover, in the multilayer tube of the present invention, if necessary, a known additive for a thermoplastic
resin, a thermosetting resin, or the like may be added to each layer (for example, the inner layer, the barrier layer, and/or
the outermost layer) as long as the multilayer tube does not deteriorate in toughness or softness. Such an additive may
include, for example, a heat stabilizer other than the above-mentioned antioxidant, a stabilizer (such as an ultraviolet-
ray absorbent), an antistatic agent, a coloring agent (e. g. , a dye or a pigment), a lubricant, a plasticizer, a crystallization
accelerator, a nucleating agent, and a filler.

[0065] Incidentally, the PBT resin composition for the outermost layer preferably has a high softness. The flexural
modulus thereof, measured by a measuring method defined by 1ISO178, may be about 100 to 1000 MPa, particularly
not more than 600 MPa, preferably about 200 to 550 MPa, and more preferably about 250 to 500 MPa. An excessively
low elastic modulus deteriorates the withstanding pressure of the outermost layer and tends to cause the deformation
of the outermost layer. In the case of an excessively high elastic modulus, it is necessary to process the outermost layer
by a relatively high strength, and the outermost layer exhibits a high repulsive power after attachment or installation.
[0066] Further, in the PBT resin composition for the outermost layer, it is preferable that the nominal strain obtained
from a tensile test measured by a measuring method described in 1ISO527-1,2 be not less than 200%.

[0067] The multilayer tube of the present invention also has a high durability. For example, the multilayer tube is free
from fractures in a 180° bending test after a heat aging treatment at a temperature of 120°C for 1000 hours. Further,
the multilayer tube is free from fractures in a 180° bending test after a pressure cooker test (at 121°C under a pressure
of 2 atm and a humidity of 100%) for 48 hours.

[0068] Furthermore, the multilayer tube of the present invention has an extremely low permeability to a fuel. For
example, when a permeability to a composite fuel which is a mixture of 100 parts by volume of a fuel (Fuel C (toluene/
isooctane = 50/50 (% by volume)) and 10 parts by volume of ethanol is measured in accordance with SHED method,
the permeability is not more than 100 mg/test (preferably not more than 10 mg/test, and more preferably not more than
3 mg/test).

[0069] Incidentally, in the multilayer tube (for example, a fuel tube), the thickness and flexural modulus of each layer
are not particularly limited to specific ones. For example, these values may be referred to the above-mentioned Patent
Documents 4 and 5. The thickness of the inner layer may be about 0.01 to 0.5 mm. The thickness of the barrier layer
may be about 0.01 to 1 mm. The thickness of the outermost layer may be about 0.1 to 3 mm. In the case of an excessively
small thickness of each layer, it is difficult to exert functions of each layer enough. In the case of an excessively large
thickness of each layer, the multilayer tube weighs heavier.

[0070] The inner diameter of the tube may be, for example, about 3 to 60 mm and preferably about 4 to 40 mm.
Moreover, the outer diameter of the tube may be, for example, about 5 to 50 mm and preferably about 7 to 40 mm. An
excessively small inner diameter of the tube restricts a fuel flow rate and makes the stiffness of the tube too high. An
excessively large inner diameter of the tube deteriorates the stiffness of the tube overall and increases the weight of the
tube. Therefore, the attachment or installation of such a tube to a fuel part for an automobile and the like tends to be
complicated.

[0071] Moreover, regarding the flexural modulus of a material to be used for each layer, the flexural modulus of the
material for the inner layer may be about 300 to 2000 MPa and preferably about 1000 to 2000 MPa. The flexural modulus
of the material for the barrier layer may be about 1000 to 3000 MPa. The flexural modulus of the material for the outermost
layer may be about 100 to 10000 MPa.

[0072] The multilayer tube of the present invention may be produced by various processes, for example, according
to the following manner.

[0073] The material for the inner layer, the material for the barrier layer, and the material for the outermost layer are
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provided. These PBT resin compositions may be melt-kneaded by three separate kneaders, respectively, and the three
layers are extruded (coextruded) simultaneously from a coextrusion molding machine to give a multilayer tube having
a three-layer structure (e.g., a fuel tube). These layers can firmly be bonded to each other at the contact surface without
using any adhesives by extrusion-molding each layer of each resin composition simultaneously and can be laminated
to form a single body. Moreover, if necessary, a straight tube can be formed by a vacuum sizing, or a corrugated tube
can be formed by a corrugating machine. Incidentally, in the coextrusion molding, if necessary, an adhesive layer may
be interposed between the above-mentioned layers by the coextrusion molding.

[0074] Incidentally, the production process of the multilayer tube is not particularly limited to the above-mentioned
coextrusion process. For example, the multilayer tube may be produced by forming above-mentioned material for the
inner layer into a monolayer tube and extrusion-molding a barrier layer (an intermediate layer) and an outermost layer
in this order surrounding the monolayer tube by an extrusion-molding machine or winding a tape-shaped molded product
for a barrier layer and a tape-shaped molded product for an outermost layer in this order spirally onto the monolayer
tube. If necessary, the pre-molded layer may be surface-roughened by a blasting or coated with an adhesive for laminating
the next layer thereon.

[0075] In the present invention, since each layer of the multilayer tube comprises the PBT resin composition, the
multilayer tube retains a low permeability meeting regulations against emission of fuels and vapor thereof as well as has
softness, ductility, impact resistance, and an improved layer-to-layer adhesiveness. Moreover, the multilayer tube (par-
ticularly, a multilayer fuel tube) has significantly improved hydrolysis resistance, weather resistance, and compatibility.
Further, the multilayer tube (particularly, a multilayer fuel tube) has excellent toughness (including low-temperature
toughness), hydrolysis resistance, organic chemical resistance, and ozone resistance.

[0076] The multilayer tube (or multilayer pipe) of the present invention has a high impermeability against fuel compo-
nents and is useful for an application in which the inner layer is contactable with a fuel component, for example, a fuel
part in which the inner layer is contactable with an automotive liquid fuel or vapor thereof, e.g., a fuel tube (or a fuel
hose, a fuel pipe). The multilayer tube (or fuel tube) is useful for transferring a variety of fuels, for example, a fuel
component such as propane, gasoline, or an alcohol blended gasoline (e.g., a liquid fuel and a gas fuel) and utilized as
fuel-related devices for vehicles such as an automobile, a flying machine, a two-wheeled vehicle, a tractor, and a cultivator,
or peripheral devices thereof (fuel-transfer parts).

EXAMPLES

[0077] The following examples are intended to describe this invention in further detail and should by no means be
interpreted as defining the scope of the invention.

Example 1
[0078] In Example 1, the following materials were used.

(A1) PBT polymer (a poly(butylene terephthalate), manufactured by Win Tech Polymer Ltd., intrinsic viscosity 0.9 dI/g)
(A2) PBT elastomer (ether-based) (manufactured by Toyobo Co., Ltd., "PELPRENE GP400")

(B) Core-shell elastomer

Acrylic core-shell polymer: manufactured by Rohm and Haas Japan K.K., "PARALOID EXL2314")

(C) Carbodiimide compound

Aromatic polycarbodiimide; manufactured by Rhein Chemie Japan Ltd., "STABAXOL P"

(D) Antioxidant

(D1) Hindered phenol-series antioxidant; manufactured by Ciba, "IRGANOX 1010"
(D2) Thioether-series antioxidant; manufactured by ADEKA, "ADKSTAB AO412S"

[0079] A PBT resin composition for an inner layer, a PBT resin composition for a barrier layer, and a PBT resin
composition for an outermost layer were prepared by using the above-mentioned materials. These compositions were
melt-kneaded separately by using an extrusion molding machine (a multilayer extruder manufactured by PLABOR Co.,
Ltd.) to coextrusion mold a three-layer fuel tube (inner diameter: 12 mm, outer diameter: 14.2 mm) having an inner layer
of 300 mm in thickness, a barrier layer of 500 mm in thickness, and an outermost layer of 300 mm in thickness.

[0080] Incidentally, the PBT resin composition for the inner layer contained 100 parts by weight of the PBT resin (A1),
25 parts by weight of the core-shell elastomer (B), 0.4 part by weight of the aromatic polycarbodiimide compound (C),
and 1 part by weight of the antioxidant (D) [(D1) 0.6 part by weight and (D2) 0.4 part by weight]. The PBT resin composition
for the barrier layer contained 100 parts by weight of the PBT resin (A1) and 1 part by weight of the aromatic polycar-
bodiimide compound (C). The PBT resin composition for the outermost layer contained 100 parts by weight of the PBT
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resin (A) [(A1) 56 parts by weight and (A-2) 44 parts by weight], 44 parts by weight of the core-shell elastomer (B), 0.6
part by weight of the aromatic polycarbodiimide compound (C), and 1.1 parts by weight of the antioxidant (D) [(D1) 0.7
part by weight and (D2) 0.4 part by weight].

[0081] Moreover, for each PBT resin composition for the inner layer, the barrier layer, and the outermost layer, the
flexural modulus was measured in accordance with a measuring method defined by ISO178. As a result, the flexural
modulus of the resin composition for the inner layer was 1500 MPa, that of the resin composition for the barrier layer
was 2500 MPa, and that of the resin compositon for the outermost layer was 420 MPa. Further, with respect to the reisn
compositon for the outermost layer, the nominal strain defined by a tensile test measured in accordance with a measuring
method described in 1ISO527-1,2 was more than 200%.

Example 2 (reference example)

[0082] A multilayer tube was produced in the same manner as in Example 1 except for using (E) a poly(butylene
naphthalate) (PBN) resin composition (manufactured by Toyobo Co., Ltd., "PELPRENE EN2000") instead of the PBT
resin composition for the barrier layer.

Comparative Example 1

[0083] A multilayer tube was produced in the same manner as in Example 2 except for using (A3) an ether-based
P13T elastomer (manufactured by Toyobo Co., Ltd., "PELPRENE P150B") instead of the PBT resin composition for the
outermost layer.

Comparative Example 2

[0084] A multilayer tube was produced in the same manner as in Example 2 except for using (A4) a polyester-based
PBT elastomer resin composition (manufactured by Toyobo Co., Ltd., "PELPRENE S3001") instead of the PBT resin
composition for the outermost layer.

[Evaluation of fuel tube performances]

[0085] The fuel tube performances of each of three-layer tubes obtained in Examples and Comparative Examples
were evaluated as follows.

[Amount of permeated fuel]

[0086] A composite fuel (FC/E10) containing 100 parts by volume of Fuel C (composed of toluene and isooctane in
a volume percentage of 50/50) and 10 parts by volume of ethanol was used as a gasoline for the following evaluation
tests. Each tube was filled with the composite fuel, and both ends of the tube were sealed. The tube was allowed to
stand at 40°C for 1000 hours for stabilization. Thereafter, the content (composite fuel) was removed from the tube, and
the tube was filled with fresh composite fuel (FC/E10), and both ends of the tube were sealed. The tube was allowed to
stand under a predetermined heat cycle environment, and the amount of the permeated fuel was measured every 24
hours. This operation was repeatedly conducted three times. The maximum value of the three measurements was
regarded as an amount of permeated fuel per one test [(mg/test)=(mg/24Hr)]. When the amount of permeated fuel was
not more than 10 mg/test, the amount of permeated fuel was graded as "A".

[Hydrolysis resistance (pressure cooker test)]

[0087] Each fuel tube was allowed to stand at a temperature of 121°C under a pressure of 2 atm and a humidity of
100% for 48 hours. Then the fuel tube was bent at an angle of 180°, and the presence of cracks was observed. The
tube which had no cracks was graded as "A", and the tube which had cracks was graded as B".

[Softness (Flexural property)]

[0088] By using each fuel tube, a stress necessary for a flexure of 10 mm was determined at a support span of 100
mm and a test speed of 100 mm/minute in accordance with three point flexrural test described in JIS K7171.

[0089] Incidentally, the flectural stress measured by this test is an index of flectural processability. The smaller the
flectural stress is, the more flexible the tube is, resulting in ease of the flectural molding. A tube having a flectural stress
of not more than 60 N is usually regarded as a tube having an excellent softness or flexibility. In Table 1, a tube having
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a flectural stress of not more than 60 N was graded as "A".
[Low-temperature softness]

[0090] Each fuel tube was cooled at -40°C for 4 hours and then immediately bent at an angle of 180°, and the presence
of cracks was observed. The tube which had no cracks was graded as "A", and the tube which had cracks was graded
as "B".

[Resistance to sour gasoline]

[0091] A mixture of Fuel C (composed of toluene and isooctane in a volume percentage of 50/50) and 5% by weight
of lauroyl peroxide (LPO) was prepared and used as a simulated denatured gasoline. Each fuel tube was cut into 10 m
length, and two metal pipes were pressed into both ends of the fuel tube, respectively. The simulated denatured gasoline
was circulated into the fuel tube under a pressure of 0.3 MPa at 60°C for 8 hours by a pressure regulator, and thereafter
sealed in the fuel tube for 16 hours. This operation was regarded as one cycle, and 10 cycles were conducted. Thereafter,
a sample was taken from the fuel tube. The sample was bent at an angle of 180° and cut at the bent part, and the inner
state of the fuel tube was visually observed. From the visual observation, the resistance to sour gasoline was evaluated
as follows. The tube which had no abnormality such as cracks was graded as "A", and the tube which had cracks or
fractures was graded as "B".

[Peeling property (peeling resistance)]

[0092] A burst test was conducted for each tube, and the layer-to-layer condition of the resulting broken sample was
observed. The tube having a strong layer-to-layer adhesiveness and no layer peeling or the tube having no layer peeled
at a boundary between two layers was graded as "A", and the tube having a layer peeled at a boundary between two
layers was graded as "B".

[Heat aging resistance]

[0093] Each fuel tube was allowed to stand under an environment of 120°C for 1000 hours, and thereafter the fuel
tube was bent at an angle of 180°. The heat aging resistance was evaluated as follows. The tube which had no abnormality
such as cracks was graded as "A", and the tube which had cracks or fractures was graded as "B".

[Weather resistance]

[0094] The ozone resistance of each fuel tube was measured as one of weather resistance indexes. A sample was
allowed to stand in a 50 pphm ozone environment under 40°C atmosphere, and thereafter the sample was bent at an
angle of 180°. The weather resistance was evaluated as follows. The tube which had no abnormality such as cracks
was graded as "A", and the tube which had cracks or fractures was graded as "B".

[Weather resistance]

[0095] The xenon resistance of each fuel tube was measured based on ASTM D2565 as one of weather resistance
indexes. A sample was allowed to stand, and thereafter the sample was bent at an angle of 180°. The weather resistance
was evaluated as follows. The tube which had no abnormality such as cracks was graded as "A", and the tube which
had cracks or fractures was graded as "B".
[0096] The results are shown in Table 1.

Table 1
Examples Comparative Examples
1 2* 1 2
Innermost layer
(A)PBT resin A-1 100 100 100 100
(B)Core-shell polymer 25 25 25 25
(C)Aromatic carbodiimide 0.4 0.4 0.4 0.4
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(continued)

Examples Comparative Examples
1 2* 1 2
Innermost layer
(D)Antioxidant D-1 0.6 0.6 0.6 0.6
D-2 0.4 04 0.4 0.4
Barrier layer
(A)PBT resin A-1 100
(E)PBN resin 100 100 100
(C)Aromatic carbodiimide 1
Outermost layer
(A)PBT resin A-1 56 56
A-2 44 44
A-3 100
A-4 100
(B)Core-shell polymer 44 44
(C)Aromatic carbodiimide 0.6 0.6
(D)Antioxidant D-1 0.7 0.7
D-2 0.4 04
Tube performances
Amount of permeated fuel A A A A
Hydrolysis resistance A A A B
Softness A A A A
Low-temperature softness A A A A
Resistance to sour gasoline A A A A
Peeling property A A A A
Heat aging resistance A A A A
Weather resistance (ozone) A A B A
Weather resistance (xenon) A A B A

* reference example

Claims
1. A multilayer tube comprising at least the following three layers:
an inner layer contactable with a fuel component,
a barrier layer preventing the fuel component permeating, and

an outermost layer,

wherein

the inner layer comprises a poly(butylene terephthalate) resin composition containing

(A) a poly(butylene terephthalate) resin,

(B) an elastomer component comprising an acrylic core-shell elastomer free from a diene component, and
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(C) an aromatic polycarbodiimide compound,
the barrier layer comprises a poly(butylene terephthalate) resin composition containing

(A) a poly(butylene terephthalate) resin and
(C) an aromatic polycarbodiimide compound, and

the outermost layer comprises a poly(butylene terephthalate) resin composition containing

(A) a poly(butylene terephthalate) resin comprising (A1) a poly(butylene terephthalate) homopolymer and/or a
poly(butylene terephthalate) copolymer, and (A2) a polyester elastomer,

(B) an elastomer component comprising an acrylic core-shell elastomer free from a diene component,

(C) an aromatic polycarbodiimide compound, and

(D) an antioxidant.

2. A multilayer tube according to claim 1, wherein each poly(butylene terephthalate) resin (A) forming the inner layer
and the barrier layer comprises (A1) a poly(butylene terephthalate) homopolymer and/or a poly(butylene terephtha-
late) copolymer, and (A2) a polyester elastomer.

3. A multilayer tube according to claim 2, wherein the polyester elastomer (A2) contains a poly(butylene terephthalate)
segment as a hard segment in a proportion of 20 to 90% by weight.

4. A multilayer tube according to claim 2 or claim 3, wherein
the weight ratio of the polymer (A1) relative to the elastomer (A2) is 30/70 to 70/30.

5. A multilayer tube according to any one of claims 1 to 4, wherein the antioxidant (D) comprises
a hindered phenol-series antioxidant or
a hindered phenol-series antioxidant and a thioether-series antioxidant.

6. A multilayer tube according to any one of claims 1 to 5, wherein the inner layer, the barrier layer, and the outermost
layer are directly bonded in this order by coextrusion without using an adhesive agent,
the inner layer contains 20 to 40 parts by weight of the elastomer component (B) and 0.01 to 5 parts by weight of
the aromatic polycarbodiimide compound (C) relative to 100 parts by weight of the poly(butylene terephthalate) resin
(A),
the barrier layer contains 0.01 to 5 parts by weight of the aromatic polycarbodiimide compound (C) relative to 100
parts by weight of the poly(butylene terephthalate) resin (A), and
the outermost layer contains 10 to 80 parts by weight of the elastomer component (B), 0.01 to 5 parts by weight of
the aromatic polycarbodiimide compound (C) and 0.01 to 5 parts by weight of the antioxidant (D) relative to 100
parts by weight of the poly(butylene terephthalate) resin (A).

7. A multilayer tube according to any one of claims 1 to 6, wherein the poly(butylene terephthalate) resin composition
for the outermost layer has
a softness which is expressed by a flexural modulus measured in accordance with a measuring method defined by
1IS0178 of 100 to 600 MPa and
a nominal strain defined by a tensile test measured in accordance with a measuring method described in 1ISO527-1,2
of not less than 200%.

8. A multilayer tube according to any one of claims 1 to 7, which is a fuel tube, wherein the inner layer is contactable
with an automotive liquid fuel or a vapor thereof.

Patentanspriiche

1. Mehrschichtiges Rohr, das wenigstens die drei folgenden Schichten umfasst:

eine innere Schicht, die mit einer Brennstoffkomponente in Kontakt gebracht werden kann;
eine Sperrschicht, die ein Durchdringen der Brennstoffkomponente verhindert; und
eine aulerste Schicht;
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wobei
die innere Schicht eine Polybutylenterephthalat-Harzzusammensetzung umfasst, die

(A) ein Polybutylenterephthalat-Harz,

(B) eine Elastomerkomponente, die ein Acryl-Kern-Hdlle-Elastomer, das frei von einer Dienkomponente
ist, umfasst, und

(C) eine aromatische Polycarbodiimid-Verbindung

enthalt;
die Sperrschicht eine Polybutylenterephthalat-Harzzusammensetzung umfasst, die

(A) ein Polybutylenterephthalat-Harz und
(C) eine aromatische Polycarbodiimid-Verbindung

enthalt; und
die aulerste Schicht eine Polybutylenterephthalat-Harzzusammensetzung umfasst, die

(A) ein Polybutylenterephthalat-Harz, das (A1) ein Polybutylenterephthalat-Homopolymer und/oder ein Po-
lybutylenterephthalat-Copolymer und (A2) ein Polyester-Elastomer umfasst,

(B) eine Elastomerkomponente, die ein Acryl-Kern-Hulle-Elastomer, das frei von einer Dienkomponente
ist, umfasst,

(C) eine aromatische Polycarbodiimid-Verbindung und

(D) ein Antioxidans

enthalt.

Mehrschichtiges Rohr gemal Anspruch 1, wobei jedes Polybutylenterephthalat-Harz (A), das die innere Schicht
und die Sperrschicht bildet, (A1) ein Polybutylenterephthalat-Homopolymer und/oder ein Polybutylenterephthalat-
Copolymer und (A2) ein Polyester-Elastomer umfasst.

Mehrschichtiges Rohr gemaf Anspruch 2, wobei das Polyester-Elastomer (A2) ein Polybutylenterephthalat-Seg-
ment als hartes Segment in einem Anteil von 20 bis 90 Gew.-% enthalt.

Mehrschichtiges Rohr gemafl Anspruch 2 oder 3, wobei das Gewichtsverhaltnis des Polymers (A1) relativ zu dem
Elastomer (A2) 30/70 bis 70/30 betragt.

Mehrschichtiges Rohr gemaf einem der Anspriiche 1 bis 4, wobei das Antioxidans (D)
ein Antioxidans der gehinderten-Phenol-Reihe oder

ein Antioxidans der gehinderten-Phenol-Reihe und ein Antioxidans der Thioether-Reihe
umfasst.

Mehrschichtiges Rohr gemafl einem der Anspriiche 1 bis 5, wobei die innere Schicht, die Sperrschicht und die
aullerste Schicht durch Coextrusion ohne Verwendung eines Klebers in dieser Reihenfolge direkt miteinander
verbunden sind,

die innere Schicht 20 bis 40 Gewichtsteile der Elastomerkomponente (B) und 0,01 bis 5 Gewichtsteile der aroma-
tischen Polycarbodiimid-Verbindung (C) enthalt, bezogen auf 100 Gewichtsteile des Polybutylenterephthalat-Harzes
(A),

die Sperrschicht 0,01 bis 5 Gewichtsteile der aromatischen Polycarbodiimid-Verbindung (C) enthalt, bezogen auf
100 Gewichtsteile des Polybutylenterephthalat-Harzes (A), und

die duRerste Schicht 10 bis 80 Gewichtsteile der Elastomerkomponente (B), 0,01 bis 5 Gewichtsteile der aromati-
schen Polycarbodiimid-Verbindung (C) und 0,01 bis 5 Gewichtsteile des Antioxidans (D) enthalt, bezogen auf 100
Gewichtsteile des Polybutylenterephthalat-Harzes (A).

Mehrschichtiges Rohr gemaf einem der Anspriiche 1 bis 6, wobei die Polybutylenterephthalat-Harzzusammenset-
zung flr die aulerste Schicht

eine Weichheit, die durch einen Biegemodul ausgedrtickt wird, der geman einem durch IS0178 definierten Messver-
fahren gemessen ist, von 100 bis 600 MPa und

eine nominelle Dehnung, die durch eine Zugprifung definiert ist und geman einem in 1S0527-1,2 beschriebenen
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Messverfahren gemessen ist, von nicht weniger als 200%
aufweist.

Mehrschichtiges Rohr gemaf einem der Anspriiche 1 bis 7, bei dem es sich um ein Brennstoffrohr handelt, wobei
die innere Schicht mit einem fliissigen Kraftfahrzeug-Kraftstoff oder einem Dampf eines solchen in Kontakt gebracht
werden kann.

Revendications

Tube multicouche comprenant au moins les trois couches suivantes :

une couche intérieure qui peut étre mise en contact avec un composant de carburant ;
une couche barriére qui empéche le composant de carburant de se répandre ; et

une couche qui se situe le plus a I'extérieur ;

dans lequel :

la couche intérieure comprend une composition de résine de polybutyléne téréphtalate qui contient :

(A) une résine de polybutyléne téréphtalate ;

(B) un composant élastomeére qui comprend un élastomére coeur-enveloppe acrylique exempt de
composant diene ; et

(C) un composé polycarbodiimide aromatique ;

la couche barriére comprend une composition de résine de polybutyléne téréphtalate qui contient:

(A) une résine de polybutylene téréphtalate ; et
(C) un composé polycarbodiimide aromatique ; et

la couche qui se situe le plus a I'extérieur comprend une composition de résine de polybutyléne téréphtalate
qui contient :

(A) une résine de polybutyléne téréphtalate qui comprend (A1) un homopolymere de polybutyléne
téréphtalate et/ou un copolymeére de polybutyléne téréphtalate, et (A2) un élastomeére polyester ;

(B) un composant élastomere qui comprend un élastomére coeur-enveloppe acrylique exempt de
composant diéne ;

(C) un composé polycarbodiimide aromatique ; et

(D) un antioxydant.

Tube multicouche selon la revendication 1, dans lequel chaque résine de polybutyléne téréphtalate (A) qui forme
la couche intérieure et la couche-barriere comprend (A1) un homopolymeére de polybutyléne téréphtalate et/ou un
copolymeére de polybutyléne téréphtalate, et (A2) un élastomére polyester.

Tube multicouche selon la revendication 2, dans lequel I'élastomeére polyester (A2) contient un segment de poly-
butyléne téréphtalate en tant que segment dur dans une proportion de 20 % a 90 % en poids.

Tube multicouche selon la revendication 2 ou la revendication 3, dans lequel le rapport en poids du polymére (A1)
par rapport a I'élastomeére (A2) est de 30/70 a 70/30.

Tube multicouche selon 'une quelconque des revendications 1 a 4, dans lequel I'antioxydant (D) comprend :

un antioxydant de la série des phénols encombrés ; ou
un antioxydant de la série des phénols encombrés et un antioxydant de la série des thioéthers.

Tube multicouche selon I'une quelconque des revendications 1 a 5, dans lequel la couche intérieure, la couche
barriére et la couche qui se situe le plus a I'extérieur sont directement liées dans cet ordre par coextrusion sans
recours a un agent adhésif ;

la couche intérieure contient de 20 a 40 parties en poids du composant élastomeére (B) et de 0,01 & 5 parties en
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poids du composé polycarbodiimide aromatique (C) par rapport a 100 parties en poids de la résine de polybutylene
téréphtalate (A) ;

la couche barriére contient de 0,01 a 5 parties en poids du composé polycarbodiimide aromatique (C) par rapport
a 100 parties en poids de la résine de polybutyléne téréphtalate (A) ; et

la couche qui se situe le plus extérieur contient de 10 a 80 parties en poids du composant élastomere (B), de 0,01
a 5 parties en poids du composé polycarbodiimide aromatique (C) et de 0,01 a 5 parties en poids de I'antioxydant
(D) par rapport a 100 parties en poids de la résine de polybutylene téréphtalate (A).

Tube multicouche selon I'une quelconque des revendications 1 a 6, dans lequel la composition de résine de poly-
butyléne téréphtalate de la couche qui se situe le plus a I'extérieur présente :

une souplesse qui est exprimée par un module de flexion, mesurée selon un protocole de mesure défini par la
norme 1SO 178, de 100 MPa a 600 MPa ; et

une contrainte nominale définie par un essai de tension, mesurée selon un protocole de mesure décrit dans la
norme ISO 527-1.2, qui n’est pas inférieure a 200 %.

Tube multicouche selon 'une quelconque des revendications 1 a 7, qui est un tuyau de carburant, dans lequel la
couche intérieure peut étre mise en contact avec un carburant liquide d’automobile ou avec des vapeurs de celui-ci.
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