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RUBBER COMPONENT FOR FUEL SEAL 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 
11-368521 ?led on Dec. 24, 2000 including the speci?ca 
tion, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to a rubber component that 
provides a fuel seal, Which is used as a sealing member, such 
as an O-ring, a packing or a gasket, for preventing leakage 
of fuel or fuel vapors in a fuel tank or a fuel supply system 
for vehicles, or used as a diaphragm or the like that operates 
in fuel or fuel vapors. 

[0004] 2. Discussion of Related Art 

[0005] Fuel vapors leaking out into the atmosphere from a 
vehicular fuel system may cause air pollution, and therefore 
restrictions are imposed on the emission of such fuel vapors. 
For example, fuel vapors emitted from a fuel tank are 
adsorbed by an adsorbent contained in a canister, and sucked 
under vacuum into an intake pipe during operation of the 
engine, together With the outside air admitted through an air 
inlet of the canister. The fuel vapors and the air thus 
introduced into the intake pipe are then supplied to and 
burned in a combustion chamber of the engine. The canister 
is held in communication With the outside air, or the ambient 
atmosphere, and a control valve for adjusting the pressure in 
the fuel tank is provided betWeen the tank and the canister. 

[0006] In the above-described evaporative emission con 
trol system for preventing fuel vapors from being discharged 
into the atmosphere, a breather line communicating With the 
canister and an internal pressure control line for regulating 
the pressure in the fuel tank are provided With various 
control components. In this system, reliable seal needs to be 
provided at mounting portions of these components so that 
fuel vapors are prevented from leaking into the atmosphere 
through the mounting portions. 

[0007] Fuel vapors may also leak from mounting portions 
of various components provided in any type of fuel system 
as Well as the above evaporative emission control system, 
and therefore secure seal needs to be provided at the 
mounting portions. The leakage of fuel vapors is prevented 
not only With sealing members, such as an O-ring, a packing 
and a gasket, provided at mounting portions of these com 
ponents, but also With diaphragms used in various types of 
control valves that are opened and closed With various kinds 
of pressures applied thereto in response to an external 
control signal. In such a control valve, the diaphragm is used 
to support the valve for smooth operation thereof, such that 
the diaphragm prevents fuel vapors present inside of the 
diaphragm from leaking out into the atmosphere outside of 
the diaphragm. 

[0008] As described above, the sealing members, such as 
an O-ring, packing and a gasket, or diaphragms operating in 
fuel and fuel vapors are used in stationary or ?xed portions, 
or internal operating portions, of various types of compo 
nents used in the fuel system of the vehicle. Both the sealing 
members and the diaphragms are required to provide reliable 
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or secure seal so as to prevent fuel and fuel vapors inside the 
fuel system from leaking out of the system. Depending upon 
the usage and environments of use, the sealing members and 
the diaphragms are required to exhibit various characteris 
tics, such as heat resistance, oil resistance, elasticity or 
?exibility, and gas impermeability, and to reliably maintain 
its sealing function for a long period of time. 

[0009] To this end, rubber, such as epichlorohydrin rubber 
or ?uorosilicon rubber, has been often used as a material for 
those components. HoWever, the use of only these types of 
rubber does not give the resulting components With suf? 
cient characteristics, such as gas impermeability. Especially 
When sour gasoline containing peroxides is used as fuel, 
carbon-to-carbon connections of hydrocarbon in the rubber 
material are broken, and the sealing members or diaphragms 
become soft and adhesive, and thus cannot provide suf?cient 
sealing capabilities. 
[0010] In vieW of the above problem, Japanese Patent No. 
HEI 4-27939, for example, discloses a technology of form 
ing a diaphragm, using rubber Whose main component is 
acrylonitrile-butadiene copolymer rubber (hereinafter 
referred to as “NBR”) . With this technology, the diaphragm 
is formed by subjecting the surface of the rubber material to 
chromic acid etching for increased adhesiveness, to thus 
form a processed layer on Which a coating layer made of 
nylon resin is formed. 

[0011] Although the NBR used as a rubber material in the 
above technology is relatively inexpensive, it is dif?cult to 
coat its surface With various types of layers. For example, 
there is a need to perform a process for increasing adhe 
siveness, such as etching With chromic acid as described 
above, that is suitable for a material coating the rubber. The 
reason Why the chromic acid etching provides increased 
adhesiveness of nylon is not apparent from the above 
identi?ed patent publication. In fact, various processes Were 
actually carried out, and the chromic acid etching Was found 
to be effective to increase the adhesiveness, for the reason 
that Was only presumed afterWards. 

[0012] Thus, there has been a demand for such rubbers 
that exhibit the above-mentioned characteristics, and also 
can be easily coated at their surfaces With nylon for increas 
ing adhesiveness. 

[0013] In the meantime, ?uoro rubber is knoWn as a rubber 
material that alloWs permeation of only a small amount of 
gasoline vapors. HoWever, ?uoro rubber has disadvantages 
such as insuf?cient loW-temperature characteristics and 
expensiveness. 

SUMMARY OF THE INVENTION 

[0014] It is therefore an object of the invention to provide 
a rubber component used as a fuel seal, Which is excellent 
in the heat resistance, oil resistance, elasticity or ?exibility 
and gas impermeability, Which can reliably maintain its 
sealing function for a long period of time, and Which can be 
easily manufactured at a reduced cost. 

[0015] To accomplish the above object, a rubber compo 
nent used as a fuel seal is provided according to the ?rst 
aspect of the invention, Which includes a base formed 
principally of ?uorosilicon rubber, and a coating layer 
formed principally of nylon, the base being coated With the 
coating layer. 
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[0016] According to the second aspect of the invention, 
there is provided a rubber component that provides a fuel 
seal, Which includes a base formed principally of ?uorosili 
con rubber, and a coating layer formed principally of a 
?uorine-contained resin, the base being coated With the 
coating layer. 

[0017] According to the third aspect of the invention, there 
is provided a rubber component that provides a fuel seal, 
Which includes a base formed principally of hydrin rubber, 
and a coating layer formed principally of nylon, the base 
being coated With the coating layer. 

[0018] According to the fourth aspect of the invention, 
there is provided a rubber component that provides a fuel 
seal, Which includes a base formed principally of hydrin 
rubber, and a coating layer formed principally of a ?uorine 
contained resin, the base being coated With the coating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a perspective vieW of a packing accord 
ing to an embodiment of the invention, in Which a part of a 
coating material is removed. 

[0020] FIG. 1B is a cross-sectional vieW shoWing a part of 
the packing. 

[0021] FIG. 2 is a schematic vieW shoWing the construc 
tion of an evaporative emission control system including 
various devices in Which rubber members for fuel seals 
according to the invention are employed. 

[0022] FIG. 3 is a cross-sectional vieW of an internal 
pressure control valve used in the evaporative emission 
control system of FIG. 2. 

[0023] FIG. 4 is a cross-sectional vieW of a cut-off valve 
used in the evaporative emission control system shoWn in 
FIG. 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] FIG. 2 shoWs an evaporative emission control 
system as an eXample in Which a rubber component or 
components for use as fuel gas seal is/are employed. In this 
evaporative emission control system adapted to prevent air 
pollution due to fuel vapors emitted from a fuel tank 1, an 
interior 2 of the fuel tank 1 is connected to a canister 3 by 
a breather pipe 4, and an ORVR valve 5 is mounted in an 
opening in the upper Wall portion of the tank through Which 
the breather pipe 4 communicates With the interior 2 of the 
tank. The ORVR valve 5 also communicates With an upper 
portion of a fuel ?ll pipe 9 protruding from the fuel tank 1, 
so as to regulate the pressure in that portion. The canister 3 
is equipped With a purge valve 6. 

[0025] The interior of the fuel tank 1 communicates With 
a portion of the breather pipe 4 that is close to the canister 
3, through a pressure regulating conduit 7. Acut-off valve 8 
is disposed at one end of the pressure regulating conduit 7 
on the side of the fuel tank. An internal pressure control 
valve 10 is disposed in the middle of the pressure regulating 
conduit 7. The opening and closing of the internal pressure 
control valve 10 is controlled by an external control device 
that receives a pressure signal from a pressure sensor 11 
provided in the fuel tank 1 and outputs a control signal. 
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[0026] One eXample of the internal pressure control valve 
10 is illustrated in FIG. 3. 

[0027] The internal pressure control valve 10 has a main 
body 15 including a ?rst connecting portion 13 and a second 
connecting portion 14 Which are connected With the pressure 
regulating conduit 7 shoWn in FIG. 2, and a valve seat 
portion 16 located at the middle part of the main body 15 and 
protruding upWards as vieWed in FIG. 3. An upper portion 
of an outer peripheral Wall 17 of the main body 15 is covered 
With a valve casing 18 that houses a valve driving portion, 
such as a coil. An annular groove 21 is formed in an upper 
face 20 of the outer peripheral Wall 17. The groove 21 
receives a protrusion 23 formed on the outer periphery of a 
diaphragm 22. With the protrusion 23 of the diaphragm 22 
received in the groove 21 in this manner, the valve casing 18 
is placed on the outer peripheral Wall 17 of the main body 
15 so that the outer periphery of the diaphragm 22 is ?rmly 
?Xed in position While providing seal at the joint betWeen the 
valve casing 18 and the main body 15. 

[0028] A valve body 24 is provided at the center of the 
diaphragm 22. As shoWn in FIG. 3, When the loWer face of 
the valve body 24 abuts on the valve seat portion 16, the ?rst 
connecting portion 13 and the second connecting portion 14 
of the main body 15 are disconnected from each other. If the 
valve body 24 moves aWay from the valve seat portion 16, 
the ?rst connecting portion 13 and the second connecting 
portion 14 are brought into communication With each other. 

[0029] The diaphragm 22 and the valve body 24 located at 
the center of the diaphragm 22 are connected to a valve-body 
actuating member 26 via a ?Xed member 25. When a coil 27 
disposed inside the valve casing 18 is energiZed, a magnetic 
member 28 is lifted upWards in FIG. 3, and an engaging 
portion at the loWer end of the magnetic member 28 engages 
With an engaging portion of the valve actuating member 26 
thereby to elevate the valve actuating member 26. As a 
result, the valve body 24 and the central portion of the 
diaphragm 22 are lifted or elevated by the actuating member 
26 via the ?Xed member 25. 

[0030] The diaphragm 22 used in the internal pressure 
control valve 10 is necessary for preventing fuel vapors in 
the loWer chamber 30 de?ned by the diaphragm 22 from 
leaking out When the valve body 24 moves vertically 
betWeen the open position and the closed position. In FIG. 
3, the diaphgram 22 needs to surely seal the loWer chamber 
30 through Which fuel vapors ?oW, from an upper chamber 
31 de?ned by the diaphragm 22 and communicating With the 
atmosphere. 

[0031] In the meantime, a valve schematically shoWn in 
FIG. 4, for example, may be used as the cut-off valve 8 in 
the evaporative emission control system shoWn in FIG. 2. 
More speci?cally, a casing 35 is ?tted into an opening 34 
formed in an upper Wall 33 of the fuel tank 1. Apacking 37 
is interposed betWeen a ?ange portion 36 of the casing 35 
and the upper Wall 33 of the fuel tank 1 such that the outer 
peripheries of the ?ange portion 36 and the packing 37 are 
surrounded by a plate 38. The upper Wall 33, packing 37, 
?ange portion 36 and the plate 38 are securely clamped 
together by a bolt 40. A valve body 42, Which is normally 
urged upWards by a spring 41, is vertically movably pro 
vided inside the casing 35. The loWer end of the valve body 
42 is covered With and ?Xed to a lid body 44 having 
communication holes 43. 
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[0032] In the cut-off valve 8 as described above, a seal is 
provided by fastening the packing 37 and adjacent members 
together by means of the bolt 40, so as to prevent fuel vapors 
in the interior 2 of the fuel tank from leaking to the outside 
through the opening 34 for mounting the cut-off valve 8. It 
is thus important to secure a seal at the mounting portion of 
the cut-off valve 8. 

[0033] In the evaporative emission control system, the 
ORVR valve 5 is additionally ?xed to the fuel tank 1. The 
ORVR valve 5 is mounted in the same manner as the cut-off 
valve 8. That is, a seal is provided in the ORVR valve 5 by 
fastening or clamping a packing With a bolt. 

[0034] In addition to the packings and diaphragm used in 
the evaporative emission control system as describer above, 
various components using packings and diaphragms need to 
be used in a fuel system of the vehicle so as to surely prevent 
leakage of fuel vapors through these components. In addi 
tion, since fuel vapors may leak to the outside of the fuel 
system through materials of the packings and diaphragms, it 
is also necessary to use materials capable of preventing such 
leakage. 
[0035] Since the above-mentioned components used in the 
fuel system are subject to extraordinary environments during 
use, these components are required to demonstrate various 
characteristics, such as heat resistance, oil resistance, ?ex 
ibility and gas impermeability, While assuring sealing effects 
for a long period of time. 

[0036] As a result of various experiments conducted in 
vieW of the above situations, it Was found that if the surface 
of a packing or a diaphragm made of ?uorosilicon rubber or 
hydrin rubber is coated With nylon or ?uororesin, the amount 
of permeation of fuel vapors can be reduced Without dam 
aging the properties speci?c to the rubber material. Further 
more, the aforementioned desired characteristics can be 
satis?ed, and the coating can be easily accomplished Without 
requiring any special treatment for increasing the adhesive 
ness. The invention Was developed based on this ?nding. 

[0037] FIG. 1A is a perspective vieW of the packing 37 as 
a ?rst embodiment of the invention When it is applied to the 
packing 37 as shoWn in FIG. 4. FIG. 1B is a partially 
enlarged cross-sectional vieW of the ?rst embodiment. In the 
?rst embodiment, ?uorosilicon rubber is used as a base A, 
and its entire outer surface is coated With nylon as a coating 
layer B. In FIG. 1A, a part of the coating layer B is removed 
from the packing 37. 

[0038] In a second embodiment of the invention, ?uoro 
silicon rubber is used as a base A, and the ?uorosilicon 
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rubber is coated, for example, With ?uorine-contained resin 
or ?uororesin, such as polytetra?uorethylene (PTFE), as a 
coating layer B. 

[0039] Furthermore, in a third embodiment of the inven 
tion, hydrin rubber is used as a base A, and the hydrin rubber 
is coated With nylon as a coating layer B. In a fourth 
embodiment of the invention, hydrin rubber is used as a base 
A, and the hydrin rubber is coated With a ?uororesin as 
mentioned above. 

[0040] As a result of experiments, it Was con?rmed that all 
of the above embodiments are excellent in terms of various 
characteristics, such as heat resistance, oil resistance, ?ex 
ibility and gas impermeability. Also, the coating can easily 
be carried out by a knoWn method, for example, by dissolv 
ing nylon or ?uororesin as a coating material in a solvent and 
applying the coating material to the base. 

[0041] The rubber component used as a fuel seal con 
structed according to the invention provides excellent prop 
erties or characteristics, such as high degrees of heat resis 
tance, oil resistance, ?exibility and gas impermeability. 
Also, the rubber material of the base can be easily coated 
With nylon or ?uororesin as a coating layer, to thus provide 
an inexpensive rubber component for a fuel seal. 

What is claimed is: 
1. A valve assembly comprising: 

a valve body that is movable in a vertical direction; 

a valve seat that faces the valve body, said valve assembly 
being selectively placed in an open position When the 
valve body abuts on the valve seat, and in a closed 
position When the valve body is spaced from the valve 
seat; and 

a diaphragm that surrounds the valve body such that the 
diaphragm is movable With the valve body, said dia 
phragm separating a ?rst chamber communicating With 
a ?rst atmosphere from a second chamber communi 
cating With a second atmosphere different from the ?rst 
atmosphere; 

Wherein the diaphragm comprises a base comprising a 
selected one of ?uorosilicon rubber and hydrin rubber, 
and a coating layer comprising a selected one of nylon 
and ?uorine-contained resin, said base being coated 
With the coating layer. 


