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ABSTRACT
Venting systems for use with fuel tank systems are described. An example
. venting system includes a membrane disposed within a vent line or an emission
control component to form a passageway through the venting system. The
membrane is coated with a hydrophobic material to substantially prevent the flow

of liquid and permit the flow of vapors or gases through the passageway.
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FUEL VENTING SYSTEMS HAVING PROTECTIVE MEMBRANES

CROSS REFERENCE TO RELATED APPLICATION
[0001] This patent is a continuation-in-part of U.S. Patent Application Serial No.
12/061,183, filed April 2, 2008, entitled “FUEL CAP APPARATUS FOR USE
WITH FUEL VENTING SYSTEMS,” which is incorporated herein by reference in
its entirety. |
FIELD OF THE DISCLOSURE
[0002] The present discloéufe relates generally to venting systems and, more

particularly, to venting systems having protective membranes.

BACKGROUND

[0003] Many vehicles such as boats and other marine crafts have fuel systems that
require venting. For example, venting a fuel tank equalizes the pressure in the tank
by releasing fuel vapors and allowing atmospheric air to flow into the fuel tank so
that the iiquid fuel can be drawn from the tank via suction. Some venting systems
employ a separate venting tube or line to vent the fuel tank, while other venting
systems employ a venting tube in combination with a filling device. Although a
separate vent tube prevents the buildup of fuel pressure within the tank, it does not
prevent contamination of the environment as a result of unintentional overboard
venting of liquid fuel, which frequently occurs when a marine fuel tank is being
refueled due to fuel tank overfilling and/or due to splashing, sloshing or other fuel
surges during boat movement. Additionally, separate vent tubes are prone to allow

the ingress of water and other contaminates into the fuel stored in the tank, which

can lead to engine damage.
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BRIEF DESCRIPTION OF THE DRAWINGS

. 1 is schematic representation of a known example fuel tank system.

. 2A illustrate a sectional view of an example vent apparatus described
. 2B illustrates another sectional view of the example vent apparatus of
. 2C illustrates an end view of the example vent apparatus of FIGS. 2A

3A illustrates an example vapor collection apparatus described herein.

. 3B illustrates an end portion of the example vapor collection apparatus

. 3C is a cross-sectional view of the example apparatus shown in FIGS.

. 4A illustrates an example surge protector apparatus described herein.

. 4B is a sectional view of the example surge protector apparatus of FIG.

. 5A illustrates an example liquid-vapor separator apparatus described

. 5B is a partial cut away view of the example liquid-vapor separator

apparatus of F1G. 5A.

[0015] The
membranes

of a marine

DETAILED DESCRIPTION
examples described herein include venting systems having protective
for use with fuel tank systems such as, for example, a fuel tank system

craft (e.g., a boat). In general, some known marine fuel tank systems

include a fuel tank coupled to a filler tube such as, for example, a deckfill, to
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receive fuel (e.g., gasoline) and a venting system to vent fuel vapors from the fuel

tank to equalize the pressure in the fuel tank and/or release fuél vapors to
accommodate volumetric changés of fuel in the fuel tank.

[0016] One known venting system includes a vent line couple'd to a fuel tank at a
first end and vented to the atmosphere at a second end. Atmospheric pressure in a
fuel tank 1s maintained by venting the fuel tank through the vent line. However, in
such known venting systems, liquid fuel is prone to escape from the fuel tank and to
the environment via the vent line. For examplle, during refueling of the fuel tank,
the incoming fuel displaces fuel vapors in the fuel tank to the atmosphere through
the vent line because the incoming fuel produces a pressure in the fuel tank that is
greater than the atmospheric pressure. As the fuel tank becomes full, the displaced
vapors often carry liquid fuel to the environment. Such venting of the liquid fuel to
the environment through the vent line can also occur during operation of the marine
craft due to Splashing, sloshing or other fuel surges.

[0017] To help reduce overboard venting of liquid fuel and/or pollutants to the
environment via the vent line, some known venting systems typically include, for
example, a surge protector, a vapor collection apparatus, a vent apparatus, a liquid-
vapor separator, etc. For example, a surge protector may include a flow control
member that engages an orifice defined in a body of the surge protector to block the
flow of liquid fuél from the fuel tank when, for example, the fuel tank is overfilled
or being filled to rapidly.

[0018] Although the above-noted known venting systems may help reduce
contamination of the environment, these venting systems do not prevent
contamination of the environment as a result of unintentional overboard venting of

liquid fuel, which may occur when a marine fuel tank is overfilled during refueling
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and/or due to splashing, sloshing or other fuel surges during boat movement. Such
overfilling may occur despite the addition of some known surge protectors, which
are used to reduce unintentional overboard contamination of the environment.
Additionally, these known venting systems do not prevent the ingress ot water

- and/or other contaminates from contaminating the fuel stored in the fuel tank,
which can lead to engine dar_hage.

[0019] To prevent venting fuel to the atmosphere and/or the ingress of
contaminates into the fuel tank, the example venting systems described herein
include membranes coated with a material such as, for example, a hydrophobic
material. The hydrophobic material may include a tluoropolymer material such as,
for example, polytetrafiuoroethylene (PTFE) (commonly known as Teflon®), etc.
In one example, the membrane is formed from a screen mesh that is coated with the
fluoropolymer material such as, for example, Teflon®. In yet another example, the
membrane is a substrate (e.g., a synthetic fiber substrate) having micropores that is
coated with the fluoropolymer material such as, for example,
polytetrafluoroehtylene (commonly known as Tetlon®).

[0020] The example membranes described herein repel liquid to prevent ingress of
water and the egress of liquid fuel through the venting system, while permitting the
flow of vapors and/or gases through the passageways formed by the example
membraneé. Additionally, due to the non-stick properties of the fluoropolymer
material (e.g., Teflon®) used to form the membrane and its hydrophobic properties
- (e.g., its ability to repel water), the example screen mesh membranes and the
example substrate membranes having micropores described herein can be sized to
provide éffective and sufficient cross-sectional venting area. As a result, the

example screen mesh membranes and the substrate membranes can be sized so that
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the membranes do not substantially impair venting of gases and/or fuel vapors
through the passageways formed by the membranes. In other words, venting occurs
at substantially the same flow rate(s) as if the membrane was not coupled to the
passageway, while preVenting water and other contaminants from entering the
venting system. Thus, the examblé venting systems described herein provide a
cross-sectional venting area (i.e., the membranes coupled to the passageways) to
allow effective and significant flow of fuel vapors and/or air therethrough, while
substantially preventing the ingress of water and other contaminates from
contaminating the fuel stored in the fuel tank and substantially preventing
unintentional overboard venting of liquid fuel to the environment. Thus, the
example membranes described herein do not hinder or impair the flow of vapors
and/or gasses throughout the fuel venting system.

[0021] The eXample membranes described herein may be disposed within a vent
line of a fuel venting system and/or other components of the fuel venting system.
In particular, in one example fuel venting system described herein, an example vent
apparatus includes a body coupled to a vent line at a first end or inlet of the body
and to a surface such as, for example, a hull of A boat, at a second end or outlet of
the body. The vent apparatus includes a cover that is removably coupled to the
outlet of the body and which has a passageway to fluidly couple the inlet and the
outlet. A membrane such as, for example, a screen mesh coated with a
fluoropolymer material such as, for example, Teflon® is disposed between the
passageway and the outlet. of the body. .In one example, the membrane is coupled
to a surface of the cover via, for example, chemical bonding. The example
membrane provides a venting_passageway that substantially inhibits the ingress of

water and other contaminants into a fuel tank and allows the ingress of atmospheric
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air and the egress of fuel vapors without substantially impairing the flow rates of
the gases or fuel vapors through the passageway.

[0022] FIG. 1 illustrates a known example fuel tank system 100 such as, for
example, a marine fuel tank system having evaporative 'er_nission controls. The
example fuel tank system 100 includes a fuel tank 102 for storing fuel (e.g.,
gasoline, diesel fuel, etc.), a filler tube 104, and a venting system 106 to vent the
fuel tank 102. The fuel tank 102 1s coupled to the filler tube 104 at a first port- 108
and to the venting system 106 at a second port 110. The filler tube 104 may include
a deékﬁll 112 that 1s adapted for mounting to a deck of a marine craft such as, for
example, a deck of a boat, and has an opening for receiving a nozzle such as, for
example, a nozzle of a fuel pump, etc. In operation, the vehting system 106
equalizes the pressure in the fuel tank 102 to accommodate volumetric changes in
the fuel tank. For example, when the vapor pressure of fuel in the fuel tank 102
Increases, fuel vapors are released from the fuel tank 102 through a tubular vent line
114. In the example the ventipg system 106, the tubular vent line 114 is coupled to
the second port 110 of the fuel tank 102 at a first end 116 and vents to, for example,
the *atmosphere\ at a second end 118. In the illustrated example, to help reduce
venting liquid fuel and/or pollutants to the environment, the venting system 106
also includes various evaporativé emission control components such as, for
example, a vent apparatus 120, a vapor collection apparatus 122, and/or a s;urgc
protector 124 or a liquid-vapor separator 126, which are coupled in fluid
communication with the vent line 114.

[0023] In operation, an increase in pressure in the fuel tank 102 causes fuel vapors
and/or air in the fuel tank 102 to vent or release to the atmosphere through the vent

line 114. For example, as the fuel tank 102 is being filled via the deck fill 112, the
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level of fuel stored in the fuel tank 102 rises. The fuel vapors in the fuel tank 102
are displaced and vented from the fuel tank 102. Howe;ver, such displacement of
the fuel vapors from the fuel tank 102 may cause the fuel vapors to carry liquid fuel
through the vent line 114 and out to the environment through the vent apparatus
120.

[0024] The liquid-vapor separator 126 may be fluidly coupled to the second port
110 of the fuel tank 102. The liquid-vapor separator 126 includés a body having an
inlet 128 and an outlet 130. In FIG. 1, the example liquid-vapor separator 126
causes the liquid fuel to sink to a ﬁrst‘ portion or chamber toward the inlet 128 of
the liquid-vapor separator 126, while enabling vapors to rise and pass through a
second portion or chamber toward the outlet 130 of the liquid-vapor separator 126.
However, the liquid-vapor separator 126 requires that gravity draw the liquid fuel
toward the inlet 128 and, thus, the liquid-vapor separator 126 must be positiohed or
mounted in a substantially vertical orientation. However, even when mounted in a
substantially vertical orientation, liquid fuel may escape or advance through the
vent line 114 when a force in a direction toward the outlet 130 of the liquid-vapor
separator 126 caused by the pressure in the fuel tank 102 is greater thanﬁ the force of
gravity in a directiqn toward the inlet 128.

[0025] Alternatively, the surge protector 124 may be fluidly coupled to the outlet
port 110 of the fuel tank 102 instead of the liquid-vapor separator 126. The surge
protector 124 includes a valve (e.g., a check valve) to prevent the flow of fluid
therethrough. For example, during refueling, a rising level of fuel in the fuel tank
102 causes a flow control member (not shown) of the valve to move to a closed
position to prevent the flow of liquid fuel through the valve. However, in some

instances, preventing the flow of fluid through the surge protector 124 may cause
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backsplash of fuel onto the deck of the boat through the filler tube 104. Such

backsplash can occur during filling when using a manually operated nozzle and/or
an automatic nozzle when an automated shut-off is not activated.

[0026] The vapor collection apparatus 122 comprises a canister 132 having an
emission(s)-capturing or filter material (e.g., an adsorbent material) such as, for
example, activated carbon, charcoal, etc., that collects and stores evaporative
emissions such as, for example, hydrocarbons to reduce pollution to the
environment. The stored emissions captured and stored by the canister 132 are
returned or carried to the fuel tank 102 as air flows through the canister 132 when
the air is drawn from the atmosphere to the fuel tank 102 via the vent line 114,
However, liquid fuel that enters the canister 132 saturates the filter material and,
thus, prevents the filter material from collecting and storing the evaporative
emissions. Thus, an inlet 134 of the canister 132 is typically fluidly coupled to the
surge protector 124 or the liquid-vapor separator 126 to prevent liquid fuel from
entering the canister 132. However, the surge protector 124 or the liquid-vapor
separator 126 may not be effective in some instances, thereby enabling liquid fuel
to pass through the canister 132 and impair its effectiveness to capture and store
emissions (e.g., hydrocarbons).

[0027] The vent apparatus 120 typically couples the vent line 114 to the
atmosphere. The vent apparatus 120 may be a fitting mountable to a hull of a boat.
However, the vent apparatus 120 typically cannot prevent overboard venting ot
liquid fuel that escapes from the fuel tank 102 through the vent line 1 14..
Furthermore, the known vent apparatus 120 may allow the ingress of water and/or

other contaminants through the vent line 114, thereby contaminating fuel stored in

the fuel tank 102.
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[0028] As described below in connection with the examples illustrated in FIGS.
2A-2C, 3A-3B, 4A-4B and 5A-5B, to prevent venting of liquid fuel and/or the
ingress of Watef or other contaminants through a fuel venting system, each of a vent
line, a vent apparatus 200, a vapor collection apparatus 300, a surge protector 400,
and/or a liquid-vapor separator 500 includes a membrane coated with a
hydrophobic material such as, for example, a fluoropolymer material. The
fluoropolymer material may include, for example, polytetrafluoroethylene
(commonly known as Teﬂon®). The example membranes are coupled to
passageways to inhibit the flow of fluid through the passageways and allow the
flow of gases and/or fuel vapors through passageways without substantially
impairing or hindering the flow r;clte bf the vapors and/or gases through the
passageways. Although not illustrated herein, in other examples, any other venting
systein components may be impleménted with the example membranes described
herein.

[0029] FIG. 2A illustrates the example vent apparatus 200 described herein. FIG.
2B illustrates another view of the example vent apparatus 200 of FIG. 2A. FIG. 2C
illustrates an end view of the example vent apparatus 200 of FIGS. 2A and 2B.
Referring to FIGS. 2A-2C, the vent apparatus 200 includes a body 202 héving
passage 204 between an inlet 206 and an outlet 208 of the body 202. The inlet 206
receives a second end 210 of a vent line 212 and the outlet 208 is in.fluid
communication with the atmosphere.

[0030] In the illustrated example, the vent apparatus 200 is a flush-mount
configuration that mounts to, for example, a hull 214 of a boat (not shown). The
body 202 includes a tapered portion 216 that includes a flange 218 having a first

surface 220 to engage an outer surface 222 of the hull 214. A cup portion 224 is
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slidably mounted to the body 202 and disposed adjacent the tapered portion 216.
The cup portion 224 has a lip 226 that engages an inner surface 228 of the hull 214
when the vent apparatus 200 in mounted to the hull 214 of the boat. The body 202
also includes a mounting nut 230 (e.g., a flange nut) that threadably couples to the
body 202 for securing the vent apparatus 200 to the hull 214 of the boat. A washer
232 may be disposed between the nut 230 and the cup portion 224.

[0031] The tapered portion 216 of the body 202 forms a cavity'234 to receive a
cover 236. In the illustrated example, the cover 236 includes a generally cylindrical
portion 238 extending along a longitudinal axis 240 and having a flange 244. The
cover 236 includes an aperture 246 to form a passageway 248 that fluidly couples
the inlet 206 and the outlet 208. The vent apparatus 200 may aléo include ‘a screen

, inember 250 disposed within the body 202 and/or the cylindrical portion 2338 to
arrest or filter the passage ember particles in the fuel vapors that may produce
sparks. Also, the cover 236 and the body 202 provide a deflection guard that
prevents the ingress of relatively large contaminants through the outlet 208.

[0032] The example vent apparatus 200 includes a membrane 252 disposed
between the passageway 248 formed by the aperture 246 of the cylindrical portion
238 and the outlet 208 of the body 202. The membrane 252 is coated With a
hydrophobic material such as, for example, a ﬂubropolymer material. The
fluoropolymer material may be, for example, polytetrafluoroethylene,
perfluoroalkoxy, fluorinated ethylene propylene, etc. In the illustrated example, the
membrane 252 is a stainless steel mesh screen coated with a fluoropolymer material
such as, for example, Tetlon®. The coated membrane 252 permits the flow of gas
or fuel vapors through the outlet 208 and inhibits the flow of liquid from entering

through the outlet 208 to the fuel tank (e.g_., the fuel tank 102 of FIG. 1).

10
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Additionally or alternatively, the membrane 252 prevents the egress of liquid fuel
that may escape through the vent line 212 during fueling and/or operation of a
marine craft. In contrast to the example‘ vent apparatus 12'0 of FIG. 1, the example
vent apparatus 200 prevents overboard venting of liquid fuel to the environment and
also prevents the ingress of contaminants without substanfially affecting or
impairing the flow rate of the gasses or vapors through the passageway 248.

[0033] As most clearly shown in FIG. 2B, the membrane 252 has an L-shaped cross .
section. A first surface 254 of the membrane 252 i\s chemically bonded to an inner
surface 256 of the flange 244 and a second surface 258 engages an inner surface
260 of the cavity 234 formed by the tapered portion. 216 of the body 202. However,
in other examples, the membrane 252 may have any other suitable shape and/or
may be integrally formed (e.g., via insert molding) with the cover 236 to form one
or more passageways 248. In yet other example implementations, the membrane
252 can be coupled to the passageway 248 via adhesives, chemical fasteners, or any
other suitable faster'ling mechanism(s).

[0034] The cover 236 includes a recess (e.g., a hex-shaped recess) to receive a tool
such as, for example, a hex wrench. The cover 236 is removably coupled to the
outlet 208 of the body 202 to enable or facilitate maintenance and/or cleaning of the
vent apparatus 200. Although not shown, the cylindrical portion 238 and the b.ody

202 include threads to threadably couple the cover 236 to the body 202. However,

in other examples, the cover 236 may couple to the body 202 with any other
suitable fastening mechanism(s). As illustrated in FIG. 2C, when the cover 236 is
coupled to the body 202, the membrane 252 is disposed between the cover 236 and

the flange 218 of the body 202 and prevents the ingress of liquid (e.g., that may

11
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splash during operation of the boat) from entering through the outlet 208 of the vent
apparatus 200.

[0035] The body 202, the cover 236, the cup 224, and/or other components of the
vent apparatus 200 can be made of corrosion resistant material and/or impact
resistant resinous materials such as, for example, polypropylene, nylon, stainless
steel, or any other suitable materials and/or combinations 'thereof. Although the
vent apparatus 200 is shown as a flush mount vent apparatus, in other examples, the
vent apparatus may be a surface mount vent apparatus or any other suitable vent
apparatus.

[0036] FIG. 3A illustrates an example vapor collection apparatus 300 described
herein. FIG. 3B illustrates a partial cutaway view of an end 302a of the example
vapor collection apparatus 300 of FIG. 3A. FIG. 3C is a cross-sectional view of the
apparatus 300 of FIGS. 3A and 3B. The example vapor collection apparatus 300
collects and stores evaporative emissions (e.g., hydrocarbons) that vent from a fuel
tank (e.g., the fuel tank 102 of FIG. 1).

[0037] Referring the FIGS. 3A-3C, the example vapor collection apparatus 300
includes a hoﬁsing or canister 304 disposed between the end 302a and an end 302b.
The ends 3025 and 302b capture the canister 304 so that a port or ihlet 306a and a
port or outlet 306b of the respective ends 302a and 302b form a pathway through
the canister 304. The canister 304 has an emission-capture or filter material (e.g.,
an adsorbent material) such as, for example, activated carbon disposed therein. The
ends 302a and 302b may be made of, for example, metal, polymers, corrosion
resistant materials, or any other suitable material(s).

[0038] The ends 302a and 302b include a recess or groove 308 (FIG. 3C) to receivé

ends 310a and 310b of the canister 304, respectively. The groove 308 forms a lip

12
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312 that engages a surface 314 (e.g., an outer surface) of the canister 304 to
maintain the canister 304 in alignment and engagement with the ends 302a and
302b. In this example, the ends 302a and 302b include mounting brackets 316 to
secure the canistér 304 to a surface (not shown) of a boat. In this manner, the vapor
collection apparatus 300 maj/ be mounted to a surface of a boat in any suitable
orientation. The example canister 304 may be a rectangular-shaped member, a
cylindrical-shaped member, or any other suitable polygonal-shaped member.
[0039] The canister 304, for example, may be in fluid communication with a fuel
tank such as, for example, the' fuel tank 102 of FIG. 1 via the port 306a and may be,
for example, in fluid communication with a vent such as, for example, the vent
apparatus 200 of FIGS. 2A-2C via the port 306b. In this manner, fuel Vapors
entering the canister 304 through port 306a pass through the filter material in the
canister 304 before passing to the port 306b.

[0040] The ports 306a and 306b have an enlarged portion 318 to form a cavity 320.
A membrane 322 coated with a hydropho_biC material such as, for example, a
fluoropolymer material, is disposed in the cavity 320 of the port 306a provide a
passageway 324 that inhibits or prevents liquid fuel from entering the canister 304,
but which allows the flow of gases or vapors therethrough without substantially
impairing or affecting the flow rate of the gasses or vapors through the passageway
324. The fluoropolymer material may include, for example,
polytetrafluoroethylene, perfluoroalkoxy, fluorinated ethylene propylene, etc.
[0041] Failure to prevcnt‘liquid fuél from entering the canister 304 may cause the
filter material to become saturated and, thus, degrade or destroy the emissions
storage capability of the canister 304. Although not shown, the port 306b may also

‘include the coated membrane 322 disposed within the cavity (e.g., the cavity 320)

13
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to provide a passageway 326 that inhibits the flow of contaminants through the port
306b, while allowing the flow of gases and/or vapors through the port 306b without
substantially impairing or affecting the flow rate of the gasses or vapors through the
passageway 326.

[0042] The membrane 322 may be made of a substrate such as, for example, a
synthetic fiber substrate, a woven substrate, etc., having micropores and may be
coated with Teflon® material. The substrate may be any suitable material such as,
for example, paper, fiberglass, wire mesh cloth, woven fébric, nylon and/or any

- other suitable material having micropores. Due to the ability of the coated
membrane 322 to repel water, the micropores can be sized larger to hrovide an
effective and sufficient cross-sectional venting area so that the gases and/or fuel
vapors vent through the passageways 324 and 326 formed by the membrane 322 at
substantially the same flow rate as a passageway formed without the example
membrane 322. Thus, the example vapor collection apparatus 300 provides a Cross-
sectional venting area (i.c., the passageWays 324 and 326 having the membrane
322) large enough to allow effective flow of fuel vapors and air, while substantially
preventing liquid fuel from entering the canister 302 and/or venting to the
environment.

[0043]‘ In operation, the vapor collection apparatus 300 receives fuel vapors via the
port 306a, which may be in fluid communication with a fuel tank via a vent line
(e.g., the vent line 118). As the fuel vapors pass through the canister 304, the
emissions (e.g., hydrocarbons) are removed from the fuel vapors and are captured
by the filter material and stored in the canister 304. For example, when the'pressure
in the fuel tank increases, the fuel vapors are released from the fuel tank through the

vent line. The membrane 322 allows the flow vapors to pass through the canister

14
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304 via the port 306a, where they are captured by the filter material. Additionally,
when liquid fuel surges toward the port 306a of the canister 304 via the vent line,
the membrane 322 prevents the ingress of the liquid fuel into the canister 304.
[0044] Conversely, as the vapor pressﬁre in the fuel tank decreases, air is drawn in
between the port 306b and the port 306a. The air carries the stored emissions (e.g.,
the hydrocarbons) from the canister 304 to the fuel tank. The membrane 322
prevents liquid and/or other contaminates from passing through the canister 304 via
the port 306b and into the fuel tank. Thus, in contrast io the known example vapor
collection apparatus 122 of FIG. 1, the exampl.e vapor collection apparatus 300
prevents the ingress of liquid fuel through the port 306a of the canister 304 and/or
prevents the ingress of contaminates through the port 306b while allowing the
vapors or gasses to pass through the passageways 324 and 326 without substantially
impairing or affecting the flow rate of the gasses or vapors through the passageways
3.24 and 326.

[0045] The vapor collection apparatus 300 may be made of corrosion resistant
materials such as, for example, thermoplastic polymers, stainless steel, aluminum, a
combination thereof, and/or any other suitable material.

[0046] FIG. 4A illustrates the example surge protector apparatus 400 described
herein and FIG. 4B is a sectional view of the example surge protector apparatus 400
of FIG. 4A. Referring to FIGS. 4A and 4B, the example surge protector 400
includes a body 402 defining an orifice 404 between an inlet 406 and an outlet 408.
The inlet 406 may be in fluid communication with a fuel tank (e.g., the fuel tank

- 102 of FIG. 1) and the outlet 408 may be in fluid communication with a vent .
apparatus (e.g., the vent apparatus 200 of FIGS. 2A-2C) and/or other emission

control apparatus (e.g., the vapor collection apparatus 300 of FIGS. 3A and 3B).

15
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Thus, in one example, the example surge protector 400 prevents liquid fuel from
venting between the fuel tank and the atmosphere. In another example, the surge
protector 400 prevents liquid fuel from venting 'bet.ween the ‘fuel tank 102 and an
emission collection apparatus (e.g., the canister 300 of FIGS. 3A and 3B) disposed
between the surge protector 400 and the atmoSphere. In the illﬁstrated example, the
surge protector 400 is illustrated as a blow-up valve. However, in other examples,
the surge protector 400 may be a check valve and/or any other suitable valve. The
surge protector 400 may be made of corrosion resistant material such as, for
‘example, polymer, stainless steel, and/or any other suitable material.

- [0047] In the illustrated example, the body 402 includes channels 410 formed
therein. The channels 410 have a first end 412 in fluid communication with the
inlet 406 and a second end 414 in fluid communication with the outlet 406. A flow
control member 416 (e.g., a ball) is disposed within the body 402 and which can
move toward the orifice 404 to prevent liquid fuel from passing between the inlet
406 and the outlet 408.

[0048] A membrane 418 is disposed within the body 402 .between the second end
414 of the channels 410 and the outlet 403 of the body 402. The mem'brane 418
forms a passageway 420 to inhibit the flow of liquid through the inlet 406 and/or
the channels 410 and allow the flow of gases and/or vapors between the inlet 406
and the outlet 408 without substantially affecting the flow rate of the gases or
“vapors passing through the passageway 420. The membrane 418 is coated with a
fluoropolymer material such as, for example, polytetratluoroethylene,
perfluoroalkoxy, fluorinated ethylene propylene, étc. In the illustrated example, the
membrane 418 is a substrate having micropores that is coated with Tetflon®

material. The substrate 418 may be, for example, a synthetic substrate, a woven
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substrate, a paper substrate, fiberglass substrate, a wire mesh cloth substrate, a
fabric, a nylon substrate and/or any other suitable substrate having micropores.
[0049] In operation, the surge protector 400 helps to prevent liquid fuel from
venting to the atmosphere through a vent line (e.g., the vent line 1 14 of FIG. 1)
and/or passing to, for example, a vapor collection apparatus (e.g., the vapor
collection apparatus 300 of FIGS. 3A and 3B). For example, during refuelihg, as
the fuel tank fills with fuel, the fuel causes the flow control member 416 to engage
the orifice 404 to prevent the flow of liquid fuel between the inlet 406 and the outlet
408, while the channels 410 enable fuel vapors to vent to the outlet 408. In the
illustrated example, the membrane inhibits liquid fuel from passingthrough the
orifice 404 and/or the channels 410 and causes the liquid fuel to return to the fuel
tank without affecting the flow rate of the gases or the vapors. Thus, the example
surge protector 400' described herein prevents and restricts the flow of liquid fuel
between the inlet 406 and the outlet 408. In contrast to the surge protector 124 of
FIG. 1, the membrane 418 prevents liquid fuel from passing through the
passageway 420 when the surge protector 400 is subjected to overpowering tuel
surges.

[0050] FIG. 5A illustrates the example liquid-vapor separator apparatus 500
described herein and FIG. 5B is a sectional view of the example liquid-vapor
separator apparatus 500 of FIG. 5A. Referring to FIGS. 5A and 5B, the liquid-
vapor separator apparatus 500 includes a body 502 having a first enlarged cavity
504 and a second enlarged cavity 506 between an inlet 508 and an outiet 510. The
liquid-vapor separator 500 is fluidly coupled to a vent line (e.g., the vent line 114 of
FIG. 1) so that the inlet 508 is in fluid communication with a fuel tank (e.g., the fuel

tank 102 of FIG. 1) and the outlet 510 is in fluid communication with a vapor
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control apparatus (e.g., the vapor control apparatus 300 of FIGS. 3A and 3B) and/or
a vent apparatus (e.g., the vent apparatus 200 of FIGS. 2A-2'C). The orientation of
the liquid-vapor separator 500 may be any orientation that enables liquid fuel at the
inlet 508 to drain to the fuel tank.

[0051] A membrane 512 is disposed between the cavities 504 and 506 to provide a
passageway 514 that inhibit the flow of liquid between the inlet 508 and the outlet
510 and allow the tlow of gases'and/or vapors between the inlet 508 and the outlet
510 withoqt affecting the flow rate of the gases or vapors through the passageway
514. The membrane 512 is coated with a fluoropolymer material such as, for
example, polytetrafluoroethylene, perfluoroalkoxy, fluorinated ethylene propyléne,
etc. In the illustrated example, the membrane 512 is a substrate having micropores
- that is coated with Teflon® material. The membrane 512 may be, for example, a
synthetic substrate, a woven substrate, a paper substrate, fiberglass substrate, a wire
mesh cloth substrate, a fabric, a nylon substrate and/or any other suitable membrane
having micropores.

[0052] In operation, when liquid fuel vents through the vent line, the membrane
512 diverts the liquid fuel to the second cavity 504 while vapors pass through the
passageway 514. Thus, in contrast to the example liquid-vapor separator 126 of
FIG. 1, the example liquid-vapor separator 500 can be mounted in any orientation
that enables liquid fuel to drain from the inlet 508 to the fuel tank and prevents
liquid fuel from passing through the passageway 5 14;

[0053] Although certain apparatus, methods, and articles of manufacture have been
described herein, the scope of coverage of this pate'nt is not limited thereto. To the

contrary, this patent covers all apparatus, methods, and articles of manutacture
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fairly falling within the scope of the appended claims either literally or under the

doctrine of equivalents.
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What is claimed is:

1. A venting system, comprising:

a membrane disposed within a vent line or an emission control
component to form a passageway through the venting system, wherein the
membrane 1s coated with a hydrophobic material to substantially prevent the
flow of a liquid and permit the flow of vapors or gases through the
passageway formed by the membrane.

2. -A venting system as defined in claim 1, wherein the vent line or the
emission control component is in fluid communication with a tank to release vapors
from the tank.

3. A venting system as defined in claim 1, wherein the emission control
component comprises at least one of a sﬁrge protector, a liquid-vapor separator, a
vent apparatus, or a vapor collection apparatus.

4, A venting system as defined in claim 1, wherein the hydrophobic
material comprises a fluoropolymer material.

. A venting system as deﬁned in claim 4, wherein the fluoropolymer
material comprises at least oneef polytetrafluoroethylene, perfluoroalkoxy, or
fluorinated ethylene propylene.

6. .~ A venting system as defined in claim 1, wherein the membrane
comprises a mesh.

7. A venting system as defined in claim 6, wherein the mesh comprises
stainless steel.

8. A venting system as defined in claim 1, wherein the membrane

comprises a substrate having micropores.
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9. A venting system as defined in claim 8, wherein the substrate

comprises a synthetic fiber substrate.

10. A venting system as defined in claim 1, wherein the membrane is
integrally formed with the vent line or the emission control component.

11. A venting system as defined in claim 1, wherein the membrane
allows the flow of vapors or gases through the passageway without substantially
impairing the ﬂow rate of thé vapors or gases through the passageway.

12. A venting system as defined in claim 1, wherein the venting system
is a marine fuel venting system for use with marine vehicles.

13. A venting system as defined in claim 1, wherein the liquid comprises
gasoline or diesel fuel.

14. A vent apparatus fbr use with fuel tanks, comprising:

a body having an inlet and an outlet;

a cover removably coupled to the outlet of the body and having a
passageway to fluidly couple the inlet and the outlet; and

a membrane coated with a fluoropolymer material and disposed
between the passageway and the outlet of the body to permit flow of gas
through the outlef and to inhibit the flow Qf liquid through the outlet without
substantially impairing the ﬂow rate of the vapors or gases through the
passageway.

15. A Vent- apparatus as defined in claim 14, wherein the fluoropolymer
material comprises at least one of polytetrafluoroethylene, pertluoroalkoxy, or
fluorinated ethylene propylene.

16. A vent apparatus as defined in claim 14, wherein the membrane

comprises a stainless steel mesh.
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17. An evaporative emission control apparatus comprising:

a body having an inlet in fluid commuﬁication with a fuel tank and
an outlet in fluid communication with a vent; and

a membrane coated with a fluoropolymer material and disposed
within a passageway between the inlet and the outlet, wherein the membrane
1s to inhibit the flow of liquid through the inlet or the outlet and allow the
flow of gas through the inlet or the outlet without substantially impairing the
flow rate of the vapors or gases through the passageway.

18. An apparatus as defined in claim 17, wherein the fluoropolymer
material comprises at least one of polytetrafluoroethylene, perfluoroalkoxy, or
fluorinated ethylene propylene.

19. An apparatus as defined in claim 18, wherein the membrane -
comprises a substrate having micropores.

20. An apparatus as defined in claim 18, wherein the membrane is a
screen mesh,

21. An apparatus as defined in claim 17, wherein the body forms at least
part of a vapor collection apparatus.

22. - An apparatus as deﬁnéd in claim 21, wherein the membrane is
disposed within the inlet or the outlet of the vapor collection apparatus.

23. An apparatus as defined in claim 17, wherein the body forms at least
part of a surge protector.

24. An apparatﬁs as defined in claim 23, wherein the surge protector 1s a
blow up valve.

23, An apparatus as defined in claim 24, wherein the blow up valve

includes a flow control member that moves between a first position to restrict the
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flow of fluid through the passageway and a second position to allow the flow of
fluid through the passageway.

26.  An apparatus as defined in claim 25, wherein the blow up valve
further comprises a channel within the body haVing a first end 1n fluid
communication with the inlet of the body and a second end in fluid éommunication
with the outlet of the body, wherein the membrane is disposed within the body
between the second end of the channel and the outlet of the body.

27. An apparatus as defined in claim 17, wherein the body forms at least
part of a liquid vapor separator.

28. An apparatus as defined in claim 17, wherein the gas comprises at

least one of atmospheric air or fuel vapors.
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