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[57] ABSTRACT

An automotive fuel hose comprising a two-ply rubber
tube covered with a reinforcing fiber layer and further
with a protective rubber layer. The two-ply rubber tube
is constituted of a very thin inner layer of a fluorine
rubber resistant to fuel, even to sour gasoline, and an
outer layer of a synthetic rubber, such as epichlorohy-
drin rubber or ethylene-acrylic rubber, which 1s less
resistant to sour gasoline but is supertor in cold resis-
tance. Both the inner and outer layers are formed by
extrusion, preferably simultaneously.

10 Claims, 3 Drawing Figures
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1

RUBBER HOSE FOR AUTOMOTIVE FUEL LINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of applica-
tion Ser. No. 896,084 filed Apr. 13, 1978 now aban-
doned.

BACKGROUND OF THE INVENTION

In conventional automotive fuel hoses, usually nitrile
rubber (acryloniirile-butadiene rubber) 1s utihzed as a
fundamental material of an innermost layer of the hoses
and chloroprene rubber as a covering material.

A trend in recent automobiles is considerable compli-
cation of their fuel systems due to the employment of
various measures to achieve satisfactory control of ex-
haust emission. In many recent automobiles, theretore,
gasoline flowing through the fuel line is liable to un-
dergo a considerable rise in its temperature by the influ-
ence of exhaust emission control means. Then, there 1s a
strong possibility that the heated gasoline is partially
oxidized to form so-called sour gasoline which is highly
erosive to many organic materials including synthetic
rubbers. In automobiles where the fuel system is of the
fuel injection type, an erosive action of sour gasoline on
the material of fuel hose is further promoted by the
pressure applied to the fuel. When such changes in the
condition of the fuel is taken into consideration, nitrile
rubber as the fuel hose material is no longer satisfactory
in its heat resistance and oxidation resistance. In other
words, there arises a problem that automotive fuel hoses
which employ nitrile rubber as the fundamental mate-
rial cannot be expected to have a sufficient service life.
Since deterioration of the fuel hose is liable to result in
fuel leak and hence constitutes a serious danger, now it
is necessary to utilize a fuel hose having a sufficient
resistance to sour gasoline.

Under such a situation, attention has been given to
relatively recently developed synthetic rubbers, partic-
ularly to fluorine rubber (fluorine-containing hydrocar-
bon elastomer) and epichlorohydrin rubber, as fuel hose
materials superior to nitrile rubber in heat- and solvent-
resistance. However, practical applications of these
new candidates to commercial fuel hoses have encoun-
tered problems because of each of these new rubbers
has not only merits but also certain demerts.

Fluorine rubber is excellent in heat resistance and
solvent resistance and has been regarded as sufficiently
resistant even to sour gasoline. However, fluorine rub-
ber is too costly to use as a material for a component of
mass-produced automobiles. For example, it costs about
twenty times more than nitrile rubber conventionally
used for automotive fuel hoses. Moreover, fluorine
rubber is not fully satisfactory in its resistance to cold.
The practicability of fluorine rubber currently available
as a hose material at low temperatures is limited to the
level of about —25° C. or about —30° C. at the best,
while automotive fuel hoses must be expected to experi-
ence not only considerably high temperatures, even
above 100° C., in engine rooms but also very low tem-
peratures such as —40° C., or below during operation in
cold terrains. There is a possiblity to obtain a special
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type of fluorine rubber whose cold resistance extends to
—49° C. or below, but the price of such rubber will be
five to ten times as high as that of currently marketed
ordinary fluorine rubber.

Epichlorohydrin rubber is relatively low 1n price and
excellent in cold resistance but is rather poor in its resis-
tance to oxidized fuel, particularly, in a heated state.
When this rubber is long kept in contact with a hot and
oxidized gasoline, it tends to soften and lose its resil-
iency, and this tendency is promoted where the fuel is
pressurized. Therefore, it will be impermissible to use
epichlorohydrin rubber as the material for an innermost
layer of an automotive fuel hose.

Some synthetic resins other than synthetic rubbers
have also been used for conveyance of organic liquds.
As an example of tubular laminates utilizing a synthetic
resin, Japanese Utility Model Application Publication
No. 49(1974)-7938 shows a “hose” comprising a tube of
a synthetic resin such as nylon or Teflon as the inner-
most layer of a relatively small thickness and a tubular
rubber layer of a larger thickness covering the outside
of the resin tube. (No description is given about the type
of the rubber for the covering layer.) Certainly this type
of hose will be excellent in resistance to heat and sol-
vent. However, this hose cannot have a sufficient flexi-
bility even though the inner tube has a considerably
small wall-thickness since neither nylon nor Teflon
exhibits rubbery or elastomeric behavior. It is not pro-
posed to use this hose as an automotive fuel hose. If 1t 1s
intended to construct an automotive fuel line by using
this hose, it will be necessary to employ specially de-
signed and probably complicated types of clamps and
bandage tubes for the purpose of surely precluding the
occurrence of fuel leak during long operation of the fuel
system, because this hose is inferior to true rubber hoses
in rubbery resiliency, flexibility, bendability and the
extent of elongation within the limit of elasticity. Even
when such a measure is taken, there will remain a fear
that mechanical vibrations imposed on the fuel line will
cause distortion or loosening of couplings of the hose
with metal conduits and resultant leakage of fuel. Be-
sides, this hose will suffer an insufficient durabtlity due
to a separation tendency of its rubber covering layer
from the synthetic resin tube. Therefore, this type of
hose is unsuitable for automotive uses.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
automotive fuel hose which is excellent in its resistance
to sour gasoline and also in other properties required for
an automotive fuel hose such as heat resistance, cold
resistance, flexibility, bendability and endurance to vi-
brations and other mechanical stresses and, further-
more, which can be manufactured industrially at a rea-
sonable cost.

A fuel hose according to the invention 1s a rubber
hose comprising, as its fundamental part, a two-ply
rubber tube which is constituted of an inner layer of a
fluorine rubber as an innermost layer of the hose and an
outer layer of a different type of synthetic rubber which
is less resistant to fuel, particularly to sour gasoline, than
the fluorine rubber but is superior in cold resistance to
the fluorine rubber. As an important requirement, the
thickness of the innermost fluorine rubber layer is in the
range from about (0.2 mm to about 0.7 mm, while the
outer layer of the different synthetic rubber has a thick-
ness ranging from about 0.5 mm to about 1.0 mm and,
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preferably, is thicker than the innermost layer. Both the
inner and outer rubber layers are formed by extrusion
such that the outer layer bonds to the inner layer over
the entire area. Furthermore, this hose has a tubular
reinforcing layer of a heat-resistant fibrous material
intimately covering the outer layer of the two-ply rub-
ber tube and a tubular protective covering of a synthetic
rubber on the outside of the reinforcing layer.

With consideration of physical properties and the
cost of material, epichlorohydrin rubber or ethylene-
acrylic rubber is the most preferable as the material of
the outer layer of the two-ply rubber tube.

As mentioned hereinbefore, heretofore it has already
been conceived to use fluorine rubber as the fundamen-
tal material of a fuel hose. Aside from the use of fluorine
rubber, rubber or plastic hoses and pipes having a dou-
ble-layer structure are also known. However, the pres-
ent invention is neither a mere addition of an outer
rubber layer to a fluorine rubber hose of a primitive
concept nor a simple choice of fluorine rubber as the
material of the innermost layer in a known rubber hose
having a double-layer structure. The fuel hose accord-
ing to the invention is characterized principally by an
unusually small thickness of the fluorine rubber layer as
specified above. According to the expertise of rubber

fuel hose designers, it is dangerous to make the wall

thickness of a fluorine rubber hose less than 1 mm even
when the fluorine rubber tube is covered with an outer
protective or reinforcing layer of a different matenal.
This is due to the fact that even fluorine rubber is gradu-
ally eroded by sour gasoline to a certain extent, and 1t ts
inevitable that a small quantity of sour gasoline or its
vapor will permeate through a thin fluorine rubber
laver. Thus it has been considered that a substantial
reduction of the rubber layer thickness in a fluorine
rubber fuel hose will result in the permeation of a con-
siderable quantity of sour gasoline or its vapor through
the fluorine rubber layer and, as a natural consequence,
in a significant erosion of the outer layer which 1s
formed of a material not resistant to sour gasoline.
Therefore, heretofore nobody has considered to pro-
duce a fuel hose having a rubber layer of which thick-
ness is less than b 1 mm, despite a very high price of
fluorine rubber.
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We have made a surprising discovery that when sour 43

gasoline or its vapor permeates through a fluorine rub-
ber layer the permeated sour gasoline undergoes a cer-
tain change in its chemical nature, presumably because
fluorine rubber exhibits a chemical screen effect on sour
gasoline. More particularly, there occurs a surprising
lowering of peroxide concentration during permeation
of sour gasoline through a fluorine rubber layer even
when this layer has a considerably small thickness, so
that the permeated gasoline is no longer erosive to a less
expensive rubber such as epichlorohydrin rubber or
ethylene-acrylic rubber. A more detailed description
about this phenomenon will be given hereinafter.

The present invention is based on the discovery of
such an unexpected phenomenon and provides a fuel
hose which utilizes fluorine rubber but, nevertheless,
can be manufactured and marketed at a tolerable price
from an industrial viewpoint and which is fully safe and
long-lasting even when used in an automotive fuel line
in which gasoline flows in a heated and pressurized
state. Of course, this hose is fully satisfactory also in
other properties normally required for an automotive
fuel hose. Besides the above described action on sour
gasoline, the innermost fluorine rubber layer of this
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hose is excellent in resistance to solvent, oxidation and
heat. The outer layer of the two-ply rubber tube makes
up for insufficiency in cold resistance of the fluorine
rubber layer, augments the physical strength of the
rubber tube and affords the tube a sufficient resistance
to constriction. Since this hose is made up of rubbers
and fibrous materials, this hose has good flexibility,
rubbery resiliency, bendability and large elongation
within the limit of elasticity. Accordingly this hose 1s
distinctly advantageous over a hose comprising an inner
tube of a non-rubber synthetic resin, particularly n
having a good vibration-absorbing property and a very
reliable sealing ability even in the case of a pressurized
fuel being conveyed therethrough and in the capability
of being assembled into a fuel line by using only simple
clamping means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a partly cutaway perspective view of a fuel
hose according to the invention;

FI1G. 2 shows, in a similar view, the addition of an
outermost reinforcing layer to the hose of FIG. 1; and

FIG. 3 is a schematic and sectional view of a testing
apparatus used to examine the reaction of fluorine rub-
ber to sour gasoline.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a two-ply rubber tube 10 accord-
ing to the invention. is constituted of a tubular inner
layer 12 and a tubular outer layer 14 which is intimately
bonded to the outside of the inner layer 12 over the
entire area. The inner layer 12 is formed of a fluorine
rubber and has a relatively small thickness ranging from
about 0.2 mm to about 0.7 mm. The outer layer 14 1s
formed of a synthetic rubber cheaper than fluorine rub-
ber and superior in, at least, cold resistance to the fluo-
rine rubber of the inner layer 12. As mentioned herein-
before, epichlorohydrin rubber or ethylene-acrylic rub-
ber is particularly preferable as the material of this layer
14 because such a rubber is excellent not only in cold
resistance but also exhibits excellent resistance to heat,
oil, weather and flame and, furthermore, can suffi-
ciently withstand a constrictive force when formed into
a tube. As to the cost of the material, epichlorohydrin
rubber is marketed at a price only about one-tenth of
that of fluorine rubber. The thickness of the outer layer
14 is made to range from about 0.5 mm to about 1.0 mm
and preferably is not smaller than the thickness of the
mner layer 12

In the present invention, a well known type of fluo-
rine rubber which is essentially a copolymer of hexa-
fluoropropylene with vinylidene fluoride is the most
suitable as the material for the inner layer 12. This fluo-
rine rubber is essentially a fluorinated, non-crystallizing
elastomer having a structure expressed by

(CFy~CH;—CF—CF3),
Ch,

and is commercially available as Viton (types A, B, C
and E) of Dupont Co., Florel of 3M Co., Technoflon of
Montedison Co. and Daiel of Daikin Kogyo Co. In
contrast, Teflon used in the hose of the above quoted
Japanese Utility Model Application Publication No.
49(1974)-7938 is a polymer of tetrafluoroethylene
(CF2—CF3,), which has the ability to crystallize to a
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high degree and lacks rubbery resiliency or elas-
tomericity. Of course, Teflon is never called rubber or
regarded as a type of fluorine rubber. Thus, there is a
fundamental difference between the present invention
and Japanese Utility Model Application Publication 5
No. 49-7938.

The following experiments are part of experimental
work we have carried out with regard to interactions
between sour gasoline and fluorine rubber.

EXPERIMENT 1

Referring to FIG. 3, chambers A and B of a testing
apparatus 30 were partitioned by a fluorine rubber sheet
32 and an epichlorohydrin rubber sheet 34 with the
fluorine rubber sheet 32 on the chamber A side. The 1>
fluorine rubber sheet 32 was essentially of a blend of
Viton E-430 and Viton A (DuPont Co.) and had a thick-
ness of either 0.3 mm or 0.5 mm. The epichlorohydrin
rubber sheet 34 was 1.0 mm in thickness and was held in
close contact with the fluorine rubber sheet 32 without 20
being bonded thereto. As a mechanical support, there
was a 24-mesh wire screen 36 beneath the epichlorohy-
drin rubber sheet 34.

The chamber A was charged with one hiter of sour
gasoline, which was brownish yellow in color and con- 2°
tained peroxides in a concentration of 10,000-20,000
ppm (as lauroyl peroxide}. The chamber B was left
vacant and connected to a condenser 38 to collect gaso-
line vapor permeated through the rubber sheets 32 and
34. Some specimens 40, 42 of the epichlorohydrin rub-
ber sheet were disposed both in the sour gasoline in the
chamber A and in the chamber B. In this state the test-
ing apparatus 30 was kept in a constant temperature
room maintained at 100° C. for a period of 336 hr, and
a vapor permeated through the rubber sheets 32 and 34
and entered the chamber B was collected entirely as a
condensate.

After the lapse of 336 hr, the apparatus 30 was cooled
to rcom temperature and then disassembled to examine
changes in physical properties of the epichlorohydrin
rubber sheet 34 through which permeated the gasoline
vapor and the rubber sheet specimens 40, 42 kept in the
chambers A and B. At the same time, the condensate of
the permeated vapor was weighed and subjected to
analysis (by titration using potassium permanganate) of
peroxide contamed therein.

For comparison, this experiment was repeated except
that the chambers A and B were partitioned in one case
by the 0.5 mm fluorine rubber sheet 32 alone and. in
another case by a 2.0 mm thick epichlorohydrine rubber
sheet (34) alone.

The results of Experiment | are presented in the fol-
lowing Tables i, 2 and 3.

TABLE 1 55

10

30

35

43

50

Condensate of 1the permeated vapor
Quantity of Concentration
Partition condensate of peroxides  Appearance
0.3 mm fluarine G g 230 ppm colorless and
rubber sheet (32) transparent 60
and
(.0 mm

epichlorohydrin
rubber sheet (34)

G.5 mm fluorine 40 g 250 ppm colorless and
rubber sheet (32) transparent 655
and

1.0 mm

epichlorohydrin
rubber sheet (34}

6
TABLE l-continued

Condensate of the permeated vapor

Quantity of Concentration

Partition condensate of peroxides  Appearance

0.5 mm fluorine 40 g 240 ppm colorless and

rubber sheet alone transparent

2.0 mm The rubber sheet 34 became very soft,

epichlorohydrin sticky and creviced, so that the sour

rubber sheet alone gasoline flowed into the chamber B.
TABLE 2

Changes in physical properties of the epichlorchydnn
rubber sheet (34) through which permeated the vapor

Change 1n
tensile Change In Change 1n
strength elongation hardness
with 0.3 mm —13% — 8% +0
fluorine rubber
sheet {32) thereon ‘
with 0.5 mm + 2% — 20% +2
fluorine rubber (by Shore hard-
sheet (32) thereon ness value)
no fluorine rubber See Table |. Measurement tmpossible.
sheet thereon
TABLE 3
Epichlorohydnn rubber specimens in the chambers
A and B

Specimens 40 1n Specimens 42 1n
Partition the chamber A the chamber B
(.3 mm fluorine became very sofl,
rubber sheet (32) sticky and creviced
and
1.0 mm no change
epichlorohydnn perceptible
rubber sheet (34)
(0.5 mm fluorine became very soft,
rubber sheet (32) sticky and creviced
and
1.0 mm no change
epichlorohydrin perceptible

rubber sheet (34)

EXPERIMENT 2

Specimens of the 1.0 mm thick epichlorohydrine
rubber sheet were immersed in the condensate of the
vapor permeated through the partition (rubber sheets
32, 34) in Experiment 1. In this state the liquid was
maintained at a constant temperature of 60" C., and
some of the rubber sheet specimens were taken out of
the liquid after the lapse of 3 days, 7 days and 14 days to
examine changes in the physical properties of the rubber
sheet. The results are presented in Table 4.

TABLE 4
jdays 7 days 14 days

Condensate of the Change in — 2% 0%  —219%
vapor permeated tensile strength
through 0.3 mm Change n —16% —26% —29%
fluorine rubber elongation
sheet (32} and Change in + 1 + 2 + 2
1.0 mm hardness (by
epichlorohydrin Shore hardness
rubber sheet (34) value)

Change in volume —1.19% —0.8% -—-09%

Change in weight +1.2% +1.4% +1.5%
Condensate of the Change in —0.0% —2.6% —1.3%
vapor permeated volume
through 0.5 mm Change in +04% —-40% —1.3%
{Tuorine rubber weight
sheet (32) and
1.0 mm
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TABLE 4-continued

Jdays 7 days 14 davs

epichlorohydrin
rubber sheet (34)

For comparison, specimens of the same epichlorohy-
drin rubber sheet were immersed in a sour gasoline, in
which the concentration of peroxide was about 10,000
ppm, and kept at 60° C. After the lapse of 3 days,
changes in the physical properties of the specimens
were as follows.

Change mn tensile strength — Y%

Change in elongation — 40%

Change in hardness — 21 by Shore hardness value
Change in volume +35.5%

Change in weight +13.2%

After the lapse of 7 days, the rubber sheet specimens
were so soft, sticky and creviced that it was impossible
to accompish measurement of the above items.

The results of Experiments 1 and 2 clearly demon-
strate that a fluorine rubber layer, even one as thin as 0.3
mm or (.5 mm, exhibits a filtering or neutralizing activ-
ity to a sour gasoline vapor permeating therethrough,
that this activity is specific to fluorine rubber (epi-
chlorohydrine rubber does not exhibit such activity)
and that a gasoline vapor permeated through the fluo-
rine rubber layer i1s very low in the concentration of
peroxide and hence is practically inactive with epichlo-
rohydrin rubber which is an example of rubbers not
resistant to sour gasoline but in other properties suitable
for use in fuel hoses.

Referring again to FIG. 1, it is important that a firm
bonding 1s established between the inner and outer lay-
ers 12 and 14. In this regard, one method of producing
the two-ply rubber tube 10 is simultaneous extrusion of
the inner and outer tubes 12 and 14. This method utilizes
two sets of extruders so combined as to share a set of
extrusion die assembly having concentrically arranged
two annular orifices. One of the two extruders is con-
nected to the inner orifice of the die and fed with fluo-
rine rubber while the other extruder is connected to the
outer orifice of the die and fed with the material of the
outer layer 14 such as ethylene-acrylic rubber. The two
extruders are operated simultaneously such that the
inner and outer tubes 12 and 14 come into contact with
each other while both the two kinds of rubbers are in
plasticized state and are not yet exposed to the atmo-
sphere. This method is efficient and has the advantage
that a firm and reliable bonding of the two layers 12, 14
can be accomplished. In this method it is optional to add
to the rubber material of the outer laver 14 a small
amount of a conventional additive, which serves the
function of augmenting an adhering property of the
rubber, with the purpose of further ensuring a firm
bonding of the outer layer 14 to the inner layer 12.

Although the above described simultaneous extrusion
method 1s preferable, the two-ply rubber tube 10 can be
produced also by a familiar two-stage extrusion method.
In this case the inner tube 12 is formed by an ordinary
extrusion technique as a first step, and then the outside
of the inner tube 12 is coated with a thin layer of an
adhesive, which may be a rubber. Thereafter the outer
tube 14 1s formed by extrusion so as to intimately cover
the adhesive-coated inner tube 12. Optionally, the out-
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side of the inner tube 12 may be processed prior to the
adhesive coating so as to give a rough surface.,

The two-ply rubber tube 10 is covered intimately
with a tubular reinforcing layer 16 of a fibrous material.
Since the role of this reinforcing layer 16 is to afford
sufficient physical strength and heat resistance to the
finished hose, it is preferable that this layer 16 takes the
form of a braid of glass fiber which is highly resistant to
heat, cotton fiber or a strong and relatively heat-resist-
ant synthetic fiber such as polyester fiber, polaymide
fiber or partially acetal-formed polyvinyl alcohol fiber
(commonly called vinylon fiber in Japan). In the hose of
FIG. 1, an outermost layer of the fuel hose is a tubular
protective layer 18 of a synthetic rubber. The material
of this layer 18 should be good at heat resistance, oil
resistance, weather resistance and flame resistance. Ac-
cordingly ethylene-acrylic rubber, chloroprene rubber
or epichlorohydrin rubber is preferable as the material
of this layer 18. After completion of covering the rein-
forcing layer 16 with the protective layer 18, the entire
hose 1s subjected to a vulcanization process in order to
obtain a completely integrated laminated-structure.

Reterring to FIG. 2, it is optional that the protective
layer 18 is further covered with a tubular reinforcing
layer 20 which may be similar to the inner reinforcing
layer 16 both in material and structure.

EXAMPLE

An automotive fuel hose having the construction of
F1G. 1 was produced, using a fluorine rubber which
was essentially a copolymer of hexafluoropropylene
with vinylidene fluoride (a blend of Viton A-HV and
Viton E-430 of DuPont) as the material of the innermost
layer 12 and an epichlorohydrin rubber which was
essentially a copolymer of epichlorohydrin with ethyl-
ene oxide (Hydrin 200 of Goodrich Co.) as the material
of the outer Iayer 14 of the rubber tube 10. This two-ply
rubber tube 10 was produced by the above described
simultaneous extrusion method such that the inner layer
12 was 0.5 mm in thickness and the outer layer 14 was
1.0 mm. The tubular reinforcing layer 16 was a braid of
vinylon fiber. The outer protective layer 18 was formed
of the aforementioned epichlorohydrin rubber (Hydrin
200) to have a thickness of 1.0 mm.

The fuel hose produced in this example could pass
severe quahfication tests currently specified in the Japa-
nese automobile industries.

This hose could readily be modified into the hose of
FIG. 2 by the addition of the reinforcing layer 20 using
a braid of, for example, vinylon fiber.

What 1s claimed is:

1. A hose for automotive fuel lines, comprising:

a two-ply rubber tube constituted of an inner layer of

a copolymer of hexafluoropropylene with vinyli-
dene fluoride which is resistant to hydrocarbon
fuels including sour gasoline, formed by extrusion
to serve as an mnnermost layer of the hose and an
outer layer of a synthetic rubber selected from the
group consisting of ethylene-acrylic rubber and
epichlorohydrin rubber, which is less resistant to
said fuels but has a better cold resistance than said
fluorine rubber, formed by extrusion so as to bond
to said inner layer, said inner layer having a thick-
ness in the range from about 0.2 mm to about 0.7
mm, said outer layer having a thickness in the
range from about 0.5 mm to about 1.0 mm and not
smaller than the thickness of said inner layer;
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a tubular reinforcing layer of a heat-resistant fibrous
material intimately covering said outer layer; and

a tubular protective layer of a synthetic rubber inti-
mately covering said reinforcing layer.

2. A hose according to claim 1, wherein said two-ply
rubber tube is produced by simultaneous extrusion of
said inner layer and said outer layer such that the two
kinds of rubbers for the respective layers come nto
direct contact with each other while the two types of
rubbers are both in plasticized state.

3. A hose according to claim 2, wherein said synthetic
rubber as the material of said outer layer contains an
additive which serves the function of augmenting an
adhering property of said synthetic rubber in plasticized
state.

4. A hose according to claim 1, wherein said tubular
reinforcing layer takes the form of a braided fabric.

5. A hose according to claim 4, wherein said fibrous
material is glass fiber.

6. A hose according to claim 4, wherein said fibrous
material is a synthetic fiber selected from the group
consisting of polyester fiber, polyamide fiber and par-
tially acetal-formed polyvinyl alcohol fiber.

7. A hose according to claim 4, wherein said fibrous
material is cotton fiber.

8. A hose according to claim 4, wherein said synthetic
rubber as the material of said protective layer is selected
from the group consisting of ethylene-acrylic rubber,
chloroprene rubber and epichlorohydrin rubber.

O A hose for automotive fuel lines, comprising:

a two-ply rubber tube constituted of an inner layer of a
copolymer of hexafluoropropylene with vinylidene
fluoride which is resistant 1o h ydrocarbon fuels in-
cluding sour gasoline, formed by extrusion to serve as
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an innermost layer of the hose and an outer layer of a

synthetic rubber selected from the group consisting of

ethylene-acrylic rubber and epichloroh ydrin rubber,
which is less resistant to said fuels but has a better cold
resistance than said fluorine rubber, formed by extru-
sion so as to bond to said inner layer, said inner layer
having a thickness in the range from about 0.2 mm 10
about 0.7 mm, said outer layer having a thickness not
smaller than the thickness of said inner layer:

a tubular reinforcing layer of a heat-resistant fibrous

material intimately covering said outer layer; and

a tubular protective layer of a synthetic rubber inii-

mately covering said reinforcing layer.

10. A hose for automotive fuel lines, comprising:
a two-ply rubber tube constituted of an inner layer of a

copolymer of hexafluoropropylene with vinylidene
fluoride which is resistant to hydrocarbor fuels in-
cluding sour gasoline, formed by extrusion to serve as
an innermost layer of the hose and an outer layer of @

synthetic rubber selected from the group consisting of

ethylene-acrylic rubber and epichlorohydrin rubber,
which is less resistant to said fuels but has a better cold
resistance than said fluorine rubber, formed by extri-
sion so as to bond to said inner layer, said inner layer
having a thickness in the range from about 0.2 mm lo
about 0.7 mm, said outer layer having thickness of ar

least 0.5 mm and not smaller than the thickness of

said inner layer;

tubular reinforcing layer of a heat-resistant fibrous
material intimately covering said outer layer; and
tubular protective layer of a synthetic rubber inti-

mately covering said reinforcing layer.
. ¥ * % *
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