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Description

[0001] The present invention pertains to a face mask that has a filter element associated with an exhalation valve.
The filter element allows the face mask to remove contaminants from the exhale flow stream.

BACKGROUND

[0002] Face masks are worn over a person's breathing passages for two common purposes: (1) to prevent contam-
inants from entering the wearer's respiratory track; and (2) to protect other persons or things from being exposed to
pathogens and other contaminants expelled by the wearer. In the first situation, the face mask is worn in an environment
where the air contains substances harmful to the wearer, for example, in an auto body shop. In the second situation,
the face mask is worn in an environment where there is a high risk of infection or contamination to another person or
thing, for example, in an operating room or in a clean room.
[0003] Face masks that have been designed to protect the wearer are commonly referred to as "respirators", whereas
masks that have been designed primarily with the second scenario in mind - namely, to protect other persons and
things - are generally referred to as "face masks" or simply "masks".
[0004] A surgical mask is a good example of a face mask that frequently does not qualify as a respirator. Some
surgical masks are loose fitting face masks, designed primarily to protect other persons from contaminants that are
expelled by the wearer. Substances that are expelled from a wearer's mouth are often aerosols, which generally contain
suspensions of fine solids or liquid particles in gas. Surgical masks are quite capable of filtering these particles U.S.
Patent 3,613,678 to Mayhew discloses an example of a loose fitting surgical mask.
[0005] Masks that do not seal about the face, such as some known surgical masks, typically do not possess an
exhalation valve to purge exhaled air from the mask interior. The masks sometimes are loose fitting to allow exhaled
air to easily escape from the mask's sides so that the wearer dues not feel discomfort, particularly when breathing
heavily. Because these masks are loose fitting, however, they may not fully protect the wearer from inhaling contam-
inants or from being exposed to fluid splashes. In view of the various contaminants that are present in hospitals, and
the many pathogens that exist in bodily fluids, the loose-fitting feature is a notable drawback for such surgical masks.
Additionally, masks that do not seal about the face are known to allow exhaled breath to pass around the mask edges,
known as "blow by", and such masks would not benefit from having an exhalation valve attached to the mask body.
[0006] Face masks also have been designed to provide a tighter, more hermetic fit between the wearer's face and
the mask. Some tightly fitting masks have a non-porous rubber face piece that supports removable or permanently-
attached filter cartridges. The face piece also possesses an exhalation valve to purge warm, humid, high-CO2-content,
exhaled air from the mask interior. Masks having this construction are commonly referred to more descriptively as
respirators. U.S. Patent 5,062,421 to Burns and Reischel discloses an example of such a mask. Commercially available
products include the 5000 and 6000 Series™ masks sold by 3M Company, St. Paul, Minnesota.
[0007] Other tightly fitting face masks have a porous mask body that is shaped and adapted to filter inhaled air.
Usually these masks are also referred to as respirators and often possess an exhalation valve, which opens under
increased internal air pressure when the wearer exhales - see, for example, U.S. Patent 4,827,924 to Japuntich.
[0008] Additional examples of filtering face masks that possess exhalation valves are shown in U.S. Patents
5,509,436 and 5,325,892 to Japuntich et. al., U.S. Patent 4,537,189 to Vicenzi, U.S. Patent 4,934,362 to Braun, and
U.S. Patent 5,505,197 to Scholey.
[0009] Typically, the exhalation valve is protected by a valve cover - see, for example, U.S. Patents Des. 347,299
and Des. 347,298 - that can protect the valve from physical damage caused, for example, by inadvertent impacts.
[0010] Known tightly fitting masks that possess an exhalation valve can prevent the wearer from directly inhaling
harmful particles, but the masks have limitations when it comes to protecting other persons or things from being exposed
to contaminants expelled by the wearer. When a wearer exhales, the exhalation valve is open to the ambient air, and
this temporary opening provides a conduit from the wearer's mouth and nose to the mask exterior. The temporary
opening can allow aerosol particles generated by the wearer to pass from the mask interior to the outside. Conversely,
projectiles such as splash fluids may pass from outside the mask to its interior through the temporary opening.
[0011] In many applications, especially in surgery and clean rooms, the open conduit that the exhalation valve tem-
porarily provides could possibly lead to infection of a patient or contamination of a precision part. The Association of
Operating Room Nurses has recommended that masks be 95 percent efficient in retaining expelled viable particles.
Proposed Recommended Practice for OR Wearing Apparel, AORN JOURNAL., v. 33, n. 1, pp. 100-104, 101 (Jan.
1981); see also D. Vesley et al., Clinical Implications of Surgical Mask Retention Efficiencies for Viable and Total Par-
ticles, INFECTIONS IN SURGERY, pp. 531-536, 533 (July 1983). Consequently, face masks that employ exhalation
valves are not currently recommended for use in such environments. See e.g., Guidelines for Preventing the Trans-
mission of Mycobacterium Tuberculosis in Health Care Facilities, MORBIDITY AND MORTALITY WEEKLY REPORT,
U.S. Dept. Health & Human Services, v. 43, n. RR-13, pp. 34 & 98 (Oct. 28, 1994).
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[0012] Face masks have been produced that are able to protect both the wearer and nearby persons or objects from
contamination. Commercially available products include the 1800™, 1812™, 1838™, 1860™, and 8210™ brand masks
sold by the 3M Company. Other examples of masks of this kind are disclosed in U.S. Patents 5,307,706 to Kronzer et
al., 4,807,619 to Dyrud, and 4,536,440 to Berg. The masks are relatively tightly fitting to prevent gases and liquid
contaminants from entering and exiting the interior of the mask at its perimeter, but the masks commonly lack an
exhalation valve that allows exhaled air to be quickly purged from the mask interior. Thus, although the masks remove
contaminants from the inhale and exhale flow streams and provide splash fluid protection, the masks are generally
unable to maximize wearer comfort.
[0013] U.S. Patent No. 5,117,821 to White discloses an example of a mask that removes odor from exhaled air. This
mask is used for hunting purposes to prevent the hunted animal from detecting the hunter. This mask has an inhalation
valve that permits ambient air to be drawn into the mask's interior, and it has a purifying canister supported at the
wearer's torso for receiving exhaled air. A long tube directs exhaled air to the remote canister. The device has exhalation
valves disposed at the canister's ends to control passage of purified breath to the atmosphere and to preclude back
inhalation of breath from the canister. The canister may contain charcoal particles to remove breath odors.
[0014] Although the hunting mask prevents exhaled organic vapors from being transported to the ambient air (and
may provide the hunter with an unfair advantage), the mask is not designed to provide a clean air source to the wearer.
Nor does it provide an attachment for an intake filter, and it is somewhat cumbersome and would not be practical for
other applications.
[0015] The German publication 43 077 54 disclose a mask which uses a long hose or tube that extends from the
mask body to further engage another air tube, which in turn, connects to an airflow control device. The airflow control
device controls the supply and removal of respiration, thereby comprising an air pump which sucks up exhaled air into
an air filter to purify or decontaminate exhaled air. Further the device can be also used to supply purified air to the
wearer. Thereby the air control device sucks up respiration and directs the filtered air to the wearer. The airflow control
device provides a source of energy and a dip for fixing the device at the clothes of a wearer.
[0016] In EP-A-0 171 511 a breathing mask is disclosed which comprises an inhale and exhale valve and a filter
device attached exclusively to the exhale valve, which filters out carbon dioxide exhaled by the wearer before entering
the atmosphere. Therefore the filtering device comprises a lithium hydroxide LiOH cartridge including lithium hydroxide
LiOH granules as carbon dioxide (CO2) absorber and a woven as a filter material to prevent that lithium hydroxide
LiOH dust can get into contact with the organism of the wearer and cause chemical burning.
[0017] In US-A-5 016 625 a respirator is disclosed to filter the air of smoke and fumes from a fire in order to prevent
that a wearer inhales too much of a poisonous gas, such as carbon monoxide. A vent device filled with a textile material
that is made wet with an actuator. A check valve, ostensibly for filtering exhaled air, is embedded in the textile material.
However, due to the pressure typically required to open such a check valve, exhaled air would be expected to by pass
the valve and exit the vent device via the same path that inhaled air traveled when entering the vent device.

SUMMARY OF THE INVENTION

[0018] In view of the above, a filtering face mask is needed that can prevent contaminants from passing from the
wearer to the ambient air, that can prevent splash fluids from entering the mask interior, and that allows warm, humid,
high-CO2-content air to be quickly purged from the mask's interior.
[0019] This invention affords such a mask, which in brief summary comprises: (a) a mask body; (b) an exhalation
valve that is disposed on the mask body and that has at least one orifice that allows exhaled air to pass from an interior
gas space to an exterior gas space during an exhalation; and (c) an exhale filter element disposed on the filtering face
mask in the exhale flow stream to prevent contaminants from passing from the interior gas space to the exterior gas
space with the exhaled air.
[0020] The invention differs from known face masks that possess an exhalation valve in that the invention includes
for the first time, an exhale filter element that can prevent contaminants in the exhale flow stream from passing from
the mask's interior gas space to the exterior gas space. This feature allows the face mask to be particularly beneficial
for use in surgical procedures or for use in clean rooms where it would not have been used in the past. Also, unlike
some previously known face masks, the invention can be in the form of a tightly-fitting mask that provides the wearer
with good protection from airborne contaminants and from splash fluids. And because the inventive face mask pos-
sesses an exhalation valve, it can furnish the wearer with good comfort by being able to quickly purge warm, humid,
high-CO2-content air from the mask interior Thus, the invention provides increased comfort to wearers by decreasing
temperature, moisture, and carbon dioxide levels within the mask, while at the same time protecting the wearer and
preventing particles and other contaminants from passing to the ambient environment.
[0021] These and other advantages and features that characterize the invention are illustrated below in the detailed
description and accompanying drawings.
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GLOSSARY

[0022] In reference to the invention, the following terms are defined as set forth below

"aerosol" means a gas that contains suspended particles in solid and/or liquid form,
"clean air" means a volume of air atmospheric that has been filtered to remove contaminants;
"contaminants" means particles and/or other substances that generally may not be considered to be particles (eg,
organic vapors, et cetera) but which may be suspended in air, including air in an exhale flow stream,
"exhalation valve" means a valve designed for use on a filtering face mask to open in response to pressure from
exhaled air and to remain closed when a wearer inhales and between breaths;
"exhaled air" is air that is exhaled by a filtering face mask wearer;
"exhale filter element" means a porous structure through which exhaled air can pass and which is capable of
removing contaminants from an exhale flow stream;
"exhale flow stream" means the stream of air that passes through an orifice of an exhalation valve.
"exterior gas space" means the ambient atmospheric air space into which exhaled gas enters after passing sig-
nificantly beyond the exhalation valve;
"filtering face mask" means a mask that covers at least the nose and mouth of a wearer and that is capable of
supplying clean air to a wearer;
"inhale filter element" means a porous structure through which inhaled air passes before being inhaled by the
wearer so that contaminants and/or particles can be removed therefrom;
"interior gas space" means the space into which clean air enters before being inhaled by the wearer and into which
exhaled air passes before passing through the exhalation valve's orifice;
"mask body" means a structure that can fit at least over the nose and mouth of a person and that helps define an
interior gas space separated from an exterior gas space,
"particles" means any liquid and/or solid substance that is capable of being suspended in air, for example, path-
ogens, bacteria, viruses, mucous, saliva, blood, etc.
"porous structure" means a mixture of a volume of solid material and a volume or voids which defines a three-
dimensional system of interstitial, tortuous channels through which a gas can pass

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Referring to the drawings, where like reference characters are used to indicate corresponding structure
throughout the several views:

FIG. 1 is a perspective view of a filtering face mask 20 that is fitted with an exhalation valve 22;
FIG. 2 is a sectional side view of an exhalation valve 22, illustrating a first embodiment of an exhale filter element
31 according to the invention;
FIG. 3 is a front view of a valve seat 30 that is utilized in connection with valve 22,
FIG. 4 is a sectional side view of an exhalation valve 22, illustrating a second embodiment of an exhale filter
element 32 in accordance with the invention;
FIG. 5 is a sectional side view of an exhalation valve 22, illustrating a third embodiment of an exhale filter element
33 in accordance with the invention;
FIG. 6 is a side sectional view of an exhalation valve shown 22, illustrating a fourth embodiment of an exhale filter
element 34 in accordance with the invention;
FIG. 7 is a sectional side view of a mask 20' similar to mask 20 shown in FIG. 1, illustrating a fifth embodiment of
an exhale filter element 35 in accordance with the invention;
FIG. 8 is a sectional side view of a mask 20" similar to mask 20 shown in FIG. 1, illustrating a sixth embodiment
of an exhale filter element 36 in accordance with the invention;
FIG. 9 is a sectional side view of a mask 20''' similar to mask 20 shown in FIG. 1, illustrating a seventh embodiment
of an exhale filter element 37 in accordance with the invention;
FIG. 10 is a sectional side view of an exhalation valve 22 having an exhale filter element 38 in accordance with
the invention;
FIG. 11 is a sectional side view of an exhalation valve 22 having a detachable exhale filter element 39 in accordance
with the invention;
FIG. 12 is a front view of a filtering face mask 60 that has an exhale filter element 40 in accordance with the invention;
FIG. 13 is a front view of a full face filtering mask 70, illustrating an exhale filter element 41 in accordance with the
invention; and
FIG. 14 is a schematic view illustrating airflows when performing a Percent Flow Through Valve Test.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0024] This invention has utility with many types of filtering face masks, including half masks that cover the wearer's
nose and mouth; full face respirators that cover the wearer's nose, mouth, and eyes; full body suits and hoods that
supply clean air to a wearer; powered and supplied air masks; self-contained breathing apparatus; and essentially any
other filtering face mask that may be fitted with an exhalation valve. The invention is particularly suitable for use with
filtering face masks that have a porous mask body that acts as a filter.
[0025] According to various embodiments of the present invention, the exhale filter element may be placed upstream
to the exhalation valve orifice in the mask interior so that particles in aerosols are collected before passing through the
exhalation valve. In another embodiment, the exhale filter element may be placed between the mask body and the
opening to the exhalation valve. In yet other embodiments, the exhale filter element may be placed downstream to the
exhalation valve so that air passing through the exhalation valve subsequently passes through the exhale filter element.
Other embodiments include an exhale filter element covering not only the valve housing but larger portions of the mask
body and even the entire exterior of the mask body to provide increased filter surface area and lower exhalation re-
sistance or pressure drop across the exhale filter element. The invention also can include embodiments where the
mask cover webs or shaping layers act as the exhale filter element or where the valve cover is the exhale filter element.
[0026] In FIG. 1, there is shown a face mask 20 that has an exhalation valve 22 disposed centrally on mask body
24 Mask body 24 is configured in a generally cup-shaped configuration when worn to fit snugly over a person's nose
and mouth. The mask 20 is formed to maintain a substantially leak free contact with the wearer's face at its periphery
21. Mask body 24 is drawn tightly against a wearer's face around the mask periphery 21 by bands 26 that extend
behind the wearer's head and neck when the mask is worn. The face mask 20 forms an interior gas space between
the mask body 24 and the wearer's face. The interior gas space is separated from the ambient atmospheric air or
exterior gas space by the mask body 24 and the exhalation valve 22. The mask body can have a conformable nose
clip 25 (see FIGs. 7-9) mounted on the inside of the mask body 24 (or outside or between layers) to provide a snug fit
over the nose and where the nose meets the cheek bone. A mask having the configuration shown in FIG. 1 is described
in U.S. Patent Application Serial No 08/612,527 to Bostock et al., and in U.S. Design Patent Applications Serial Nos
29/059,264 to Henderson et al, 29/059,265 to Bryant et al, and 29/062,787 to Curran et al. Face masks of the invention
may take on many other configurations, such as flat masks and cup-shaped masks shown, for example, in U.S. Patent
4,807,619 to Dyrud et al. The nose clip may have the configuration described in U.S. Patent 5,558,089 to Castiglione.
The mask also could have a thermochromic fit indicating seal at its periphery to allow the wearer to easily ascertain if
a proper fit has been established - see U.S. Patent 5,617,849 to Springett et al.
[0027] The exhalation valve 22 that is provided on mask body 24 opens when a wearer exhales in response to
increased pressure inside the mask and should remain closed between breaths and during an inhalation. When a
wearer inhales, air is drawn through the filtering material, which can include a fibrous non-woven filtering material 27
(FIGs 2, 4-9 and 12-13). Filtering materials that are commonplace on negative pressure half mask respirators like the
respirator 20 shown in FIG. 1 often contain an entangled web of electrically charged melt-blown microfibers (BMF).
BMF fibers typically have an average fiber diameter of about 10 micrometers (µm) or less. When randomly entangled
in a web, they have sufficient integrity to be handled as a mat. Examples of fibrous materials that may be used as filters
in a mask body are disclosed in U.S. Patent No. 5,706,804 to Baumann et al, U.S. Patent No. 4,419,993 to Peterson.
U.S. Reissue Patent No. Re 28,102 to Mayhew. U.S. Patents 5,472,481 and 5,411,576 to Jones et al., and U.S. Patent
5,908,598 to Rousseau et al. The fibrous materials may contain additives to enhance filtration performance, such as
the additives described in U.S. Patents 5,025,052 and 5,099,026 to Crater et al., and may also have low levels of
extractable hydrocarbons to improve performance; see, for example, U.S. Patent Application Serial No 08/941,945 to
Rousseau et al. Fibrous webs also may be fabricated to have increased oily mist resistance as shown in U.S. Patent
4,874,399 to Reed et al, and in U.S. Patent Applications 08/941,270 and 08/941,864, both to Rousseau et al. Electric
charge can be imparted to nonwoven BMF fibrous webs using techniques described in, for example, U.S. Patent
5,496,507 to Angadjivand et al, U.S. Patent 4,215,682 to Kubik et al., and U.S. Patent 4,592,815 to Nakao.
[0028] FIG. 2 shows the exhalation valve 22 in cross-section mounted on the mask body 24. Mask body 24 acts as
an inhale filter element and includes a filter layer 27, an outer cover web 29, and an inner cover web 29'. The inhale
filter element is integral with the mask body 24. That is, it forms part of the mask body and is not a part that subsequently
becomes attached to the body. The outer and inner cover webs 29 and 29' protect the filter layer 27 from abrasive
forces and retain any fibers that may come loose from the filter layer 27. The cover webs 29, 29' may also have filtering
abilities, although typically not nearly as good as the filtering layer 27. The cover webs may be made from nonwoven
fibrous materials containing polyolefins and polyesters (see, e.g., U.S. Patents 4,807,619 and 4,536,440 and U.S.
Patent Application 08/881,348 filed June 24, 1997). The exhalation valve 22 includes a valve seat 30 and a flexible
flap 42. The flexible flap 42 rests on a seal surface 43 when the flap is closed but is lifted from that surface 43 at free
end 44 when a significant pressure is reached during an exhalation. The seal surface 43 of the valve generally curves
in a concave cross-section when viewed from a side elevation.
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[0029] FIG. 3 shows the valve seat 30 from a front view. The valve seat 30 has an orifice 45 that is disposed radially
inward to seal surface 43. Orifice 45 can have cross members 47 that stabilize the seal surface 43 and ultimately the
valve 22 (FIG. 2). The cross members 47 also can prevent flap 42 (FIG. 2) from inverting into orifice 45 during an
inhalation. The flexible flap 42 is secured at its fixed portion 48 (FIG. 2) to the valve seat 30 on flap retaining surface
49. Flap retaining surface 49, as shown, is disposed outside the region encompassed by the orifice and can have pins
51 to help mount the flap to the surface. Flexible flap 42 (FIG. 2) can be secured to surface 49 using sonic welding,
an adhesive, mechanical clamping, and the like. The valve seat 30 also has a flange 46 that extends laterally from the
valve seat 30 at its base to provide a surface that allows the exhalation valve 22 (FIG. 2) to be secured to mask body
24. The valve 22 shown in FIGs. 2 and 3 is more fully described in U.S. Patents 5,509,436 and 5,325,892 to Japuntich
et al. Unlike the valve described in these two patents, the valve 22 shown in FIG. 2 has an exhale filter element 31
disposed in the exhale flow stream.
[0030] The exhale filter element 31 shown in FIG. 2 is disposed between the filter material 27 in mask body 24 and
the base 46 of the exhalation valve 22. The exhale filter element 31 thus is located downstream to opening 52 in mask
body 24. Air that is exhaled by the wearer enters the mask's interior gas space, which in FIG. 2 would be located to
the left of mask body 24. Exhaled air leaves the interior gas space by passing through an opening 52 in the mask body
24. Opening 52 is circumscribed by the valve 22 at its base 46. Before passing through the valve orifice 45, the exhaled
air passes through the exhale filter element 31. The exhale filter element 31 removes contaminants that may be present
in the exhale flow stream, for example, suspended particles in the wearer's exhaled aerosol. After passing through the
exhale filter element 31, the exhaled air then exits the valve orifice 45 as the free end 44 of the flexible flap is lifted
from the seal surface 43 in response to a force generated by the wearer's exhaled air. All exhaled air should pass
through the mask body's filtering material 27 or through the exhale filter element 31. The exhaled air that passes
through the mask body's filtering material 27 or the exhale filter element 32 then enters the atmosphere. Under ideal
conditions, exhaled air is not allowed to enter the atmosphere unfiltered unless it inadvertently escapes from the mask
at, for example, its periphery 21 (FIG. 1).
[0031] The exhaled air that leaves the interior gas space through valve orifice 45 then proceeds through ports 53 in
the valve cover 54 to enter the exterior gas space. The valve cover 54 extends over the exterior of the valve seat 30
and includes the ports 53 at the sides and top of valve cover 54. A valve cover having this configuration is shown in
U.S. Patent Des. 347,299 to Bryant et al. Other configurations of other exhalation valves and valve covers may also
be utilized (see U.S Patent Des 347,298 to Japuntich et al for another valve cover).
[0032] Resistance or pressure drop through the exhale filter element preferably is lower than the resistance or pres-
sure drop through the inhale filter element of the mask body. Because exhaled air will follow the path of least resistance,
it is important to use an exhale filter element that exhibits a lower pressure drop than the mask body, preferably lower
than the filter media in mask body, so that a major portion of the exhaled air passes through the exhale filter media,
rather than through the filter media of the mask body. To this end, the exhalation valve, including the exhale filter
element, should demonstrate a pressure drop that is less than the pressure drop across the filter media of the mask
body. Most or substantially all exhaled air thus will flow from the mask body interior, out through the exhalation valve,
and through the exhale filter element. If airflow resistance due to the exhale filter element is too great so that air is not
readily expelled from the mask interior, moisture and carbon dioxide levels within the mask can increase and may
cause the wearer discomfort.
[0033] FIG. 4 shows an exhale filter element 32 disposed in another location. In this embodiment, the exhale filter
element 32 is placed on the interior of the mask body 24 upstream to the opening 52 in the filter media. As in the
previous embodiment, the exhaled air lifts flexible flap 42 upon exiting orifice 45 and then passes out ports 53 in valve
cover 54. Exhaled air passes through exhale filter element 32 before passing through filter media opening 52 and valve
orifice 45. As in other embodiments, the exhale filter element 32 may be secured to the mask in this location by, for
example, mechanical fastening (e.g., snap or friction fit), ultrasonic welding, or use of an adhesive.
[0034] FIG. 5 shows an exhale filter element 33 that extends over and around the valve cover 54 of the exhalation
valve 22. The exhale filter element 33 is preferably juxtaposed tautly against the valve cover's exterior and is held
between the mask body 24 and the valve seat 30 and valve cover 54. When disposed in this location, the exhaled air
passes through the exhale filter element 33 after passing through the ports 53 in the valve cover 54. Embodiments
such as this one may be advantageous in that placement of exhale filter element 33 downstream to the valve orifice
45 and flap 42 allows the exhale flow stream to strike the valve flap 42 unencumbered. That is, the downstream place-
ment of the exhale filter element may avoid a momentum decrease in the exhale flow stream which could impede valve
opening performance. The downstream placement may also be advantageous in that it provides better prophylactic
coverage of the valve and can collect particles that could be generated by breakage of a condensation meniscus
between the valve flap 42 and the valve seat 30.
[0035] FIG. 6 shows an exhale filter element 34 that is located on the interior of the valve cover 54. The exhale filter
element 34 is held between the valve seat 30 and the mask body 24 and between the valve seat 30 and the valve
cover 54. Air that is exhaled thus passes through the exhale filter element 34 before passing through the ports 53 in
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the valve cover 54 but after passing through valve orifice 45. The downstream location of the exhale filter element 34
in this embodiment may likewise be advantageous as described above in reference to FIG. 5.
[0036] FIG. 7 also shows an exhale filter element that is located downstream to the valve flap 42. The exhale filter
element 35 has an expanded surface area relative to the other embodiments. The exhale filter element 35 extends
completely over the exterior of the exhalation valve 22 and the mask body 24. Because the exhale filter element 35
has a surface area that is slighily larger than the surface area of the mask body 24 (or the filter media 27 in the mask
body 24), less pressure drop would be exhibited across the exhale filter element 35 than the mask body 24 (when the
same filter media is used in each), and therefore exhaled air will easily pass from the interior gas space to the exterior
gas space through opening 52 in mask body 24 and through the exhalation valve's orifice 45. Filter media 27 that is
used in mask body 24 typically is a high performance media that exhibits very low particle penetration (see the above
discussion and patents and patent applications cited above regarding BMF filter media, electric charging, and fiber
additives). The particle penetration commonly is sufficient to meet NIOSH requirements set forth in 42 C.F.R. part 84.
Particle penetration and pressure drop move inversely to each other (lower penetrations are commonly accompanied
by higher pressure drops). Because less pressure drop would be demonstrated by element 35 when compared to mask
body 24, the embodiment shown in FIG. 7 is advantageous in that the filter media used in the exhale filter element 35
can be a high performance media like that used in the mask body.
[0037] In FIG. 8 the exhale filter element 36 also is disposed downstream to the ports 53 in valve cover 54. Unlike
the embodiment illustrated in FIG. 7, however, the surface area of the exhale filter element 36 is less than the surface
area of the mask body 24. The exhale filter element 36 is secured to the mask body 24 where the mask body's central
panel 55 meets the top panel 56 and lower panel 57. Although the exhale filter element 36 does not cover a surface
area that is greater than the mask body 24, it is nonetheless an enlarged surface area when compared to other em-
bodiments. Thus, the exhalation filter element 36 may not necessarily be able to demonstrate the penetration and
pressure drop values that are exhibited by the filter media 27, but it may nonetheless be a very good performing filtration
media that exhibits low particle penetration. If the inner and outer cover webs 29 and 29' add significantly to the overall
pressure drop of the mask body 24, then it may be possible that the exhale filter element 36 would be able to be as
good a performing filter media as the filter media 27 used in mask body 24.
[0038] In FIG. 9, the exhale filter element 37 is the outer cover web 29. This embodiment is advantageous in that it
may be relatively easy to manufacture. The product can be made by punching a hole through the other layers 27, 29'
in mask body 24, followed by applying the outer cover web 29 after the holes are punched. The embodiment may be
beneficial for a continuous line manufacturing process. Alternatively, the inner cover web 29' could act as the exhale
filter element, and the outer cover web 29 could have a hole disposed therein. Or both layers 29, 29' could act as an
exhale filter element.
[0039] In FIG. 10, the exhalation valve 22 has an exhale filter element shown as a filtering cover 38 constructed of
a sintered plastic or other material having sufficient rigidity as well as a porous structure that provides filtering capa-
bilities. Examples of materials that could be used to produce a sintered valve cover include, VYLON HP (1mm grain
size), VYLON HP (2mm grain size), VYLON TT1/119, and VYLON HP (2.5 mm grain size) all made with a polypropylene
base material available from Porvair Technology Ltd., Wrexham, Clwyd, Wales, United Kingdom. The sintered or porous
valve covers may be made from sheets produced from the grains. The sheet material can be cut into pieces that are
assembled in the form of a valve cover. Alternatively, the grains can be heated and pressed over a tool adapted to
form a valve cover. The valve cover 38 does not have the ports 53 like the valve cover 50 shown in FIGs. 2, 5-9, and
11. Rather, the air that flows through the valve 24 passes through the porous structure of the filtering valve cover 38.
Using this integrated configuration, an exhale filter element separate from the valve cover is not required.
[0040] FIG. 11 shows an exhalation valve 22 that has an exhale filter element 39 that is removable and preferably
replaceable. The removable filter element 39 extends over and snaps onto the valve cover 54 using conventional or
other fastening means. An impermeable layer (not shown) may be disposed between the valve cover 54 and the mask
body 24 to prevent re-entry of exhaled moisture. The removable filter element 39 may be configured to snap onto and
form a tight seal to the valve cover 54 or may be attached in other manners known in the art, e.g. pressure sensitive
or repositionable adhesive bonding. The removable filter element 39 may possess a porous structure such as a ther-
mally bonded nonwoven fibrous web, or it may be made of a sintered or porous material as described above. This
embodiment allows the exhale filter element to be replaced before the mask has met its service life.
[0041] FIG. 12 illustrates a second embodiment of a cup-shaped face mask, generally designated 60. The face mask
60 includes bands 62 that are connected to a mask body 64 and that extend around the back of the wearer's head and
neck for retaining the mask against the face. The mask body 64 acts as an inhale filter element and is generally made
of fibrous filtering material as described above and may also include inner and/or outer cover web layers - see, for
example, U.S. Patent 5,307,796 to Kronzer et al., U.S. Patent 4,807,619 to Dyrud, and U.S. Patent 4,536,440 to Berg.
Similar to the embodiment shown in FIGs. 1-7, the face mask 60 may include an exhalation valve similar to the valve
in the other embodiments. An exhale filter element 40 that covers the exterior of the valve cover (not shown) may be
employed to prevent contaminants from entering the exterior gas space. The exhale filter element may be attached
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as illustrated above in FIG. 5. The exhale filter element also may be positioned as described above in reference to the
other figures. The face mask also may be configured in cup shapes other than the embodiments shown in FIG. 12 and
the figures described above. The mask could, for example, have the configuration shown in U.S. Patent 4,827,924 to
Japuntich.
[0042] FIG. 13 illustrates a full face respirator 70 that includes a mask body 72, which typically includes a non-porous
plastic and/or rubber face seal 73 and a transparent shield 74. The mask body 72 is configured for covering the eyes,
nose, and mouth of the wearer and forms a seal against the wearer's face. The mask body 72 includes inhalation ports
76 that are configured for receiving removable filter cartridges (not shown) such as described in Minnesota Mining and
Manufacturing Company's Health and Environmental Safety brochure 70-0701-5436-7 (535)BE, dated April 1, 1993.
The pons 76 should include a one way inhalation valve that allows air to flow into the mask. The filter cartridges filter
the air drawn into the mask before it passes through ports 76. The mask 70 includes bands or a harness (not shown)
to extend over the top of the wearer's head or behind the wearer's head and neck for retaining the mask 70 against
the wearer's face. A face mask of this construction is also shown and described in U.S. Patent 5,924,420 to Reischel
et al. and in U.S. Patent Des. 388,872 to Grannis et al. and Des. 378,610 to Reischel et al.
[0043] The mask body 72 includes an exhalation valve 78 generally at the center lower portion of the mask 70. The
exhalation valve 78 may include a circular flap-type diaphragm (not shown) retained at its center with a barb extending
through an orifice in the center of the flap. Such exhalation valves are described, for example, in U.S. Patent 5,062,421.
The present invention also includes an exhale filter element 41 placed over the outer portion of the valve housing. The
exhale filter element 41 may be placed in other positions along the exhale flow stream and proximate the exhalation
valve similar to the locations shown in other figures. The exhale filter element 41 may be fashioned to be detachable
and replaceable. The exhale filter element preferably is adapted such that its placement in the exhale flow stream
allows the exhale filler element to reside in the path of least resistance so that the exhale filter element does not
substantially discourage flow through the exhalation valve.
[0044] In all the embodiments shown, under normal circumstances substantially all exhaled air passes through either
the mask body or the exchale filter element 31-41. Although the air may engage the exhale filter element at various
points in the exhale flow stream, no matter where positioned the exhale filter element enables contaminants to be
removed from the exhale flow stream to furnish some level of protection to other persons or things while at the same
time providing improved wearer comfort and allowing the wearer to don a tightly fitting mask. The exhale filter element
may not necessarily remove all contaminants from an exhale flow stream, but preferably removes at least 95 percent,
and more preferably at least 97 percent, and still more preferably at least 99 percent when tested in accordance with
Bacterial Filtration Efficiency Test described below.
[0045] To provide the wearer with good comfort while wearing masks of the invention, the mask preferably enables
at least 50 percent of air that enters the interior gas space to pass through the exhale filter element. More preferably,
at least 75 percent, and still more preferably at least 90 percent, of the exhaled air passes through the exhale filter
element, as opposed to going through the filter media or possibly escaping at the mask periphery. When the valve
described in U.S. Patents 5,509,436 and 5,325,892 to Japuntich are used on the respirator, and the exhale filter element
demonstrates a lower pressure drop than the mask body, more than 100 percent of the air can pass through the exhale
filter element. As described in the Japuntich et al. patents, this can occur when air is passed into the filtering face mask
at a velocity of at least 8 meters per second under a Percent Flow Through Valve Test (described below). Because
greater than 100 percent of the exhaled air passes out through the valve, there is a net influx of air through the filter
media. The air that enters the interior gas space through the filter media is less humid and cooler and therefore improves
wearer comfort.
[0046] The embodiments of the exhale filter element that are filters covering larger portions of the mask body have
increased surface area so that resistance through the exhale filter element is effectively decreased. Lower resistance
in the exhale flow stream increases the percentage of exhaled air passing through the exhalation valve rather than
through the mask body. Different materials and sizes for the mask body and the exhalation valve filter can create
different flow patterns and pressure drop.
[0047] Many types of commercially available filter media, such as the melt-blown microfiber webs described above
or spun-bonded nonwoven fibrous media, have been found to be acceptable filter media for exhale filter elements. A
preferred exhale filter element comprises a polypropylene spunbonded web. Such a web may be obtained from Poly-
Bond Inc., Waynesboro, Virginia, product number 87244. The exhale filter element also could be an open cell foam.
Additionally, if the mask uses shaping layers to provide support for the filter media (see, e.g., U.S. Patent 5,307,796
to Kronzer, U.S. Patent 4,807,619 to Dyrud, and U.S. Patent 4,536,440 to Berg), the shaping layers (also referred to
as the molded mask shell material) could be used as an exhale filter element. Or the exhale filter element could be
made from the same materials that are commonly used to form shaping layers. Such materials typically include fibers
that have bonding components that allow the fibers to be bonded to one another at points of fiber intersection. Such
thermally bonding fibers typically come in monofilament or bicomponent form. The nonwoven fibrous construction of
the shaping layer provides it with a filtering capacity - although typically not as great as a filter layer - that permits the
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shaping layer to screen out larger particles such as saliva from the wearer. Because these fibrous webs are made from
thermally bonding fibers, it can be possible to mold the webs into a three-dimensional configuration fashioned to fit
over an exhalation valve as, for example, in the form of a valve cover. Generally, any porous structure that is capable
of filtering contaminants is contemplated for use as an exhale filter element in the invention.
[0048] To lower pressure drop through the exhale filter element, it could be configured in an expanded surface area
form. For example, it could be corrugated or pleated, or it could be in the form of a pancake shaped filter, which could
be removably attached.
[0049] The exhale filter element preferably contains a fluorochemical additive(s) to impart better protection to the
mask from splash fluids. Fluorochemical additives that may be suitable for such purposes are described in U.S. Patents
5,025,052 and 5,099,026 to Crater et al., U.S. Patent 5,706,804 to Baumann et al., and U.S. Patent Application Serial
No. 08/901,363 to Klun et al. filed July 28, 1997. The fluorochemical additive may be incorporated into the volume of
solid material that is present in the porous structure of the exhale filter element, and/or it may be applied to the surface
of the porous structure. When the porous structure is fibrous, the fluorochemical additive preferably is incorporated at
least into some or all of the fibers in the exhale filter element.
[0050] The fluorochemical additive(s) that may be used in connection with the exhale filter element to inhibit liquid
passage through the element may include, for example, fluorochemical oxazolidinones, fluorochemical piperazines,
fluoroaliphatic radical-containing compounds, fluorochemical esters, and combinations thereof. Preferred fluorochem-
ical additives include the fluorochemical oxazolidinones such as C8F17SO2N(CH3)CH2CH(CH2Cl)OH (see example 1
of the Crater et al. patents) and fluorochemical dimer acid esters (see example 1 of the Klun et al. application). A
preferred commercially available fluorochemical additive is FX-1801 Scotchban™ brand protector from 3M Company,
Saint Paul, Minnesota.
[0051] In addition to or in lieu of the noted fluorochemical additives, other materials may be employed to inhibit liquid
penetration such as waxes or silicones. Essentially any product that may inhibit liquid penetration but not at the expense
of significantly increasing pressure drop through the exhale filter element is contemplated for use in this invention.
Preferably, the additive would be melt processable so that it can be incorporated directly into the porous structure of
the exhale filter element. The additives desirably impart repellency to aqueous fluids and thus increase oleophobicity
and hydrophobicity or are surface energy reducing agents.
[0052] The exhale filter element is not only useful for removing contaminants and inhibiting liquid penetration, but it
may also be useful for removing unwanted vapors. Thus, the exhale filter element may have sorptive qualities for
removing such contaminants. The exhale filter element may be made from active particulate such as activated carbon
bonded together by polymeric particulate to form a filter element that may also include a nonwoven particulate filter as
described above to provide vapor removal characteristics as well as satisfactory particulate filtering capability. An
example of a bonded particulate filter is disclosed in U.S. Patents 5,656,368, 5,078,132, and 5,033,465 to Braun et al.
and U.S. Patent 5,696,199 to Senkus et al. An example of a filter element that has combined gaseous and particulate
filtering abilities is disclosed in U.S. Patent 5,763,078 to Braun and Steffen. The exhale filter element could also be
configured as a nonwoven web of, for example, melt-blown microfibers which carries active particulate such as de-
scribed in U.S. Patent 3,971,373 to Braun. The active particulate also can be treated with topical treatments to provide
vapor removal; see, eg., U.S. Patents 5,496,785 and 5,344,626 both to Abler.
[0053] Face masks that have an exhale filter element according to the invention have been found to meet or exceed
industry standards for characteristics such as fluid resistance, filter efficiency, and wearer comfort. In the medical field,
the bacterial filter efficiency (BFE), which is the ability of a mask to remove particles, usually bacteria expelled by the
wearer, is typically evaluated for face masks. BFE tests are designed to evaluate the percentage of particles that
escape from the mask interior. There are three tests specified by the Department of Defense and published under
MIL-M-36954C, Military Specification: Mask, Surgical, Disposable (June 12, 1975) which evaluate BFE. As a minimum
industry standard, a surgical product should have an efficiency of at least 95% when evaluated under these tests.
[0054] BFE is calculated by subtracting the percent penetration from 100%. The percent penetration is the ratio of
the number of particles downstream to the mask to the number of particles upstream to the mask. Filtering face masks
that use a polypropylene BMF electrically-charged web and have an exhale filter element according to the present
invention are able to exceed the minimum industry standard and may even have an efficiency greater than 97%.
[0055] Face masks also should meet a fluid resistance test where five challenges of synthetic blood are forced against
the mask under a pressure of 5 pounds per square inch (psi). If no synthetic blood passes through the mask, it passes
the test, and if any synthetic blood is detected, it fails. Masks that have an exhalation valve and exhale filter element
according to the present invention have been able to pass this test when the exhale filter element is placed on the
exterior or ambient air side of the valve as well as on the interior or face side of the exhalation valve. Thus, the filtering
face masks of the present invention can provide good protection against splash fluids when in use.
[0056] Wearer comfort improves when a large percentage of exhaled air freely passes out through the exhalation
valve as opposed to the mask body or its periphery. Tests have been conducted where a compressed air stream is
directed into the interior gas space of a face mask while measuring pressure drop across the mask body. Although
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results vary depending on the filter material used for the inhale filter element and also on the location and type of the
exhale filter element in the present invention, it was found that at a flow rate of approximately seventy-nine liters per
minute over 95% of the air can leave the interior gas space through the valve and less than 5% through the filtering
material in the mask body when using a commercially available polypropylene spun bonded web material (87244
available from PolyBond of Waynesboro, Virginia) as the exhale filter element.

EXAMPLES

[0057] Face masks that have an exhale filter element were prepared as follows. The exhalation valves that were
used are described in U.S. Patent 5,325,892 to Japuntich et al. and are available on face masks from 3M Company
as 3M Cool Flow™ Exhalation Valves. A hole two centimeters (cm) in diameter was cut in the center of 3M brand
1860™ respirator to accommodate the valve. The valve was attached to the respirator using a sonic welder available
from Branson (Danbury, Connecticut). 3M brand 8511™ face mask respirators that already possessed a valve were
also used. The filter element was attached to the valve in several ways. In one embodiment, the filter element was
welded in place between the valve seat and the mask body as shown in FIG. 2. In another construction, the exhale
filter element was placed over the valve cover and cut to extend about one-half inch beyond the valve on all sides. The
exhale filter element was then ultrasonically welded to the outer lip of the valve cover as shown in FIG. 5 using a sonic
welder available from Branson (Danbury, Connecticut). The exhale filter element can also be attached in this manner
using an adhesive. In another construction, the exhale filter element was placed over the valve seat and beneath the
valve cover as shown in FIG. 6. The web material extending beyond the valve seat was then tucked under the seat,
and the wrapped valve was placed on the mask body over the opening. The assembly of the respirator, filter web, and
valve was then ultrasonically welded together. From inside the mask the excess filter web was cut away, leaving the
valve orifice unobstructed and the tilter web covering the valve and being sealed around the valve periphery. In another
construction, the exhale filter element was attached to the outer edge of a filtering face piece using sonic welding or
an adhesive to enable the filter element to cover essentially the entire mask exterior, including the exhalation valve as
shown in FIG. 7.

Bacterial Filtration Efficiency Test

[0058] The face masks as described above were tested for bacterial filtration efficiency (BFE) in a test modified from,
yet based on, the Department of Defense standard MIL-M-36954C, Military Specifications: Mask, Surgical, Disposable
(June 12, 1975) 4.4.1.1.2 Method 11 as described by William H. Friedrichs, Jr. in "The journal of Environmental Sci-
ences", p33-40 (November/December 1989).
[0059] The face masks outlined in Table 1 below were sealed in an airtight chamber. Air was pulled by vacuum into
the chamber through a high efficiency particulate air (HEPA) filter and then passed through the respirator, from the
interior gas space to the exterior gas space, at a constant flow of 28.3 liters per minute to simulate a constant state of
exhalation. This caused the valve to remain open. A nebulizer (part number FT-13, 3M Company, Occupational Health
and Environmental Safety Division, St. Paul, Minnesota) was used to generate a challenge aerosol of polystyrene latex
(PSL) spheres (available from Duke Scientific Corp., Palo Alto, California) having a size similar to that of aerosols
created by nebulizing Staphylococcus aureus, 2.92 µm in aerodynamic diameter, on the inside or face side of the
respirator. The challenge aerosol was not charge neutralized. The challenge was generated by squeezing the nebulizer
at a rate of one squeeze per second and was sampled upstream in the interior gas space and then downstream in the
exterior gas space using an Aerodynamic Particle Sizer (APS 3310 from TSI Company, St. Paul, Minnesota). The
percent penetration was determined by dividing the concentration of particles downstream to the valve by the concen-
tration of particles upstream to the valve and multiplying by 100. Only concentrations of particles in the size range of
2.74 - 3.16 µm were used to calculate penetration. BFE was calculated as 100 minus penetration. In vitro methods,
such as this, have been found to be more stringent than in vivo methods, such as a modified Greene and Vesley test,
described by Donald Vesley, Ann C. Langholtz, and James L. Lauer in "Infection in SurKery", pp 531-536 (July 1983).
Therefore, it is expected that achieving 95% BFE using the method described above would be equivalent to or greater
than achieving 95% BFE using the modified Greene and Vesley test. Results of evaluation using the test method
described above are shown in Table 1.
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[0060] The data in Table 1 show that exhalation valves that possess exhale filter elements can achieve greater than
95% efficiency in a simulated bacterial filtration efficiency test.

Fluid Resistance Test

[0061] In order to simulate blood splatter from a patient's burst artery, a known volume of blood can be impacted on
the valve at a known velocity in accordance with Australian Standard AS 4381-1996 (Appendix D) for Surgical Face
Masks, published by Standards Australia (Standards Association of Australia), 1 The Crescent, Homebush, NSW 2140,
Australia.
[0062] Testing performed was similar to the Australian method with a few changes described below. A solution of
synthetic blood was prepared by mixing 1000 milliliters (ml) deionized water, 25.0 g Acrysol G110 (available from Rohm
and Haas, Philadelphia, Pennsylvania), and 10.0 gm. Red 081 dye (available from Aldrich Chemical Co., Milwaukee,
Wisconsin),. The surface tension was measured and adjusted so that it ranged between 40 and 44 dynes/cm by adding
Brij 30™, a nonionic surfactant available from ICI Surfactants, Wilmington, Delaware as needed.
[0063] The valve with the valve diaphragm propped open was placed 18 inches (46 cm.) from a 0.033 inch (0.084
cm.) orifice (18 gauge valve). Synthetic blood was squirted from the orifice and aimed directly at the opening between
the valve seat and the open valve diaphragm. The timing was set so that a 2 ml volume of synthetic blood was released
from the orifice at a reservoir pressure of 5 PSI (34,000 Newtons per square meter). A piece of blotter paper was placed
on the inside of the valve directly below the valve seat to detect any synthetic blood penetrating to the face side of the
respirator body through the valve. The valve was challenged with synthetic blood five times. Any detection of synthetic
blood on the blotter paper, or anywhere within the face side of the respirator, after five challenges is considered failure;
no detection of blood within the face side of the respirator after five challenges is considered passing. The respirator
body was not evaluated.
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[0064] Results of fluid resistance testing according to the method described above on constructions with exhale filter
elements of differing materials and mounted in differing positions are shown in Table 2.
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[0065] The data in Table 2 show that exhalation valves of the invention were able to provide good resistance to
splash fluids.

Percent Flow Through Valve Test

[0066] Exhalation valves possessing exhale filter elements were tested to evaluate the percent of exhaled air flow
that exits the respirator through the exhalation valve as opposed to exiting through the filter portion of the respirator.
This parameter was evaluated using the test described in Examples 8-13 of U.S. Patent 5,325,892 and described here
again in brief for ease of reference.
[0067] The efficiency of the exhalation valve to purge breath is a major factor affecting wearer comfort.
[0068] The filtering face mask respirators were mounted on a metal plate such that the exhalation valve was placed
directly over a 0.96 square centimeter (cm2) orifice through which compressed air was directed, with the flow directed
toward the inside of the mask like exhaled air. The pressure drop across the mask filter media can be determined by
placing a probe of a manometer within the interior of the filter face mask.
[0069] The percent total flow was determined by the following method referring to FIG. 14 for better understanding
First, the linear equation describing the mask filter media volume flow (Qf) relationship to the pressure drop (∆P) across
the face mask was determined while having the valve held closed. The pressure drop across the face mask with the
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valve allowed to open was then measured at a specified exhalation volume flow (QT). The flow through the face mask
filter media Qf was determined at the measured pressure drop from the linear equation. The flow through the valve
alone (Qv) is calculated as Qv=QT-Qf. The percent of the total exhalation flow through the valve is calculated by 100
(QT-Qf)/QT.
[0070] If the pressure drop across the face mask is negative at a given QT, the flow of air through the face mask filter
media into the mask interior will also be negative, giving the condition that the flow out through the valve orifice Qv is
greater than the exhalation flow QT. Thus, when Qf is negative, air is actually drawn inwards through the filter during
exhalation and sent through the valve, resulting in a percent total exhalation flow greater than 100%. This is called
aspiration and provides cooling to the wearer. Results of testing on constructions having an exhale filter element of
differing materials and mounted in differing positions are shown below in Table 3.

TABLE 3

Percent Flow Through the Valve at 42 and 79 liters/minute (LPM) of 3M™ Cool Flow™ Exhalation Valves Having
Exhale Filter Elements Mounted on 3M 1860™ Respirators

Example Position of Exhale Filter
Element

Exhale Filter Element
Material

Exhale Air Flow Through Valve
(%)

@ 42 LPM @ 79 LPM

19 None None 76% 104%

20 Mounted between valve seat
and respirator body as shown
in FIG. 2

2 layers of 1.25 oz/yd2

turquoise-colored
polypropylene 87244
spunbonded web

31% 41%

21 1 layer 50.1 g/m2

polypropylene spunbonded
web containing 1.14%
fluorochemical dimer acid
ester

19% 24%

22 Underneath valve housing but
over valve diaphragm as
shown in FIG. 6

50.6 g/m2 polypropylene
spunbonded web containing
0.66% FX- 1801™

41% 50%

23 50 g/m2 polypropylene
spunbonded web

58% 70%

24 1 layer of 1.25 oz/yd2

turquoise-colored
polypropylene 87244
spunbonded web and 1 layer
melt-blown, 75-85 g/m2, 85%
polypropylene, 15%
polyethylene web

53% 61%

25 Over valve housing as shown
in FIG. 5

2 layers of 1.25 oz/yd2

turquoise-colored
polypropylene 87244
spunbonded web

65% 96%

26 Over entire respirator and
valve as shown in FIG. 7

2 layers of 1.25 oz/yd2

turquoise-colored
polypropylene 87244
spunbonded web

88% 112%

27 Over valve housing as shown
in FIG. 5

1 layer 1.5 oz/yd2 white
polypropylene spunbonded
web

47% 71%
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[0071] The data in Table 3 demonstrate that good flow percentages through the exhalation valve can be achieved
by face masks of the invention.

Claims

1. A filtering face mask comprising a first filter element for filtering inhaled air and further comprising:

(a) a mask body;
(b) an exhalation valve that is disposed on the mask body and that has at least one orifice that allows exhaled
air to pass from an interior gas space to an exterior gas space during an exhalation; and
(c) a second filter element comprising a fibrous filter disposed in or on the mask body or exhalation valve and
in the exhale flow stream to prevent contaminants from passing from the interior gas space to the exterior gas
space with the exhaled air.

2. The filtering face mask of claim 1, wherein the first filter element and second filter element have different sizes or
different materials.

3. The filtering face mask of claim 2, wherein the first filter element is integrally disposed in the mask body, and
wherein the second filter element exhibits a pressure drop across it when a person exhales, which pressure drop
across the second filter element is less than a pressure drop across the first filter element during an exhalation.

4. The filtering face mask of claim 2, wherein the first filter element is not integrally disposed in the mask body, and

TABLE 3 (continued)

Percent Flow Through the Valve at 42 and 79 liters/minute (LPM) of 3M™ Cool Flow™ Exhalation Valves Having
Exhale Filter Elements Mounted on 3M 1860™ Respirators

Example Position of Exhale Filter
Element

Exhale Filter Element
Material

Exhale Air Flow Through Valve
(%)

@ 42 LPM @ 79 LPM

28 Over entire respirator and
valve as shown in FIG. 7

1 layer 50.1 g/m2

polypropylene spunbonded
web containing 1.14%
fluorochemical dimer acid
ester

78% 97%

29 Over entire respirator and
valve as shown in FIG. 7

1 layer 97.4 g/m2

polypropylene spunbonded
web containing 1.16%
fluorochemical dimer acid
ester

48% 73%

30 Over valve housing as shown
in FIG. 5

molded shell material 57% 93%

31 Over entire respirator and
valve as shown in FIG. 7

2 layers 20.7 g/m2

polypropylene spunbonded
web containing 0.62% FX-
1801™

66% 96%

32 Over entire respirator and
valve as shown in FIG. 7

1 layer of 1.25 oz/yd2

turquoise-colored
polypropylene 87244
spunbonded web and 1 layer
melt-blown 0.53 oz/yd2

polypropylene web having an
approximate fiber diameter of
7 µm

66% 99%
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wherein the second filter element is adapted such that the placement in the exhale flow stream puts the second
filter element in a path of least resistance when a person exhales.

5. The filtering face mask of claim 3, wherein the filtering face mask has a cup-shaped mask body and the first filter
element comprises a filter layer.

6. The filtering face mask of claim 3, wherein the mask body has an opening disposed therein, the exhalation valve
being disposed on the mask body at the opening.

7. The filtering face mask of claim 6, wherein the mask body includes a layer of filter material, and wherein the second
filter element is disposed between the filter material and the base of the exhalation valve, or wherein the second
filter element is disposed upstream to the opening in the filter material, or wherein the exhalation valve includes a
valve cover and the second filter element extends over and around the valve cover on its exterior, or wherein the
exhalation valve includes a valve cover and the second filter element is located on the interior of the valve cover,
or wherein the second filter element extends over the exterior of the exhalation valve and the mask body and the
surface area of the second filter element is greater than the surface area of the filter material in the mask body, or
wherein the second filter element is disposed downstream to the exhalation valve and is attached to the mask
body and has a surface area that is less than the surface area of the filter material in the mask body.

8. The filtering face mask of claim 3, wherein the first filter element includes a layer of filtering material, the mask
body comprises a cover web, and wherein the cover web acts as the second filter element.

9. The filtering face mask of claim 1, wherein the exhalation valve has a valve cover disposed thereon that is a porous
structure that enables the valve cover to act as an second filter element.

10. The filtering face mask of claim 1, wherein the second filter element removes at least 95% of the challenge when
tested in accordance with the Bacterial Filtration Efficiency Test.

Patentansprüche

1. Filtergesichtsmaske, die ein erstes Filterelement zum Filtern eingeatmeter Luft und weiterhin folgendes aufweist:

(a) einen Maskenkörper,
(b) ein am Maskenkörper befindliches Ausatmungsventil, das mindestens eine Öffnung hat, die es zuläßt, daß
ausgeatmete Luft während einer Ausatmung von einem inneren Gasraum zu einem äußeren Gasraum gelan-
gen kann, und
(c) ein zweites Filterelement, das einen im oder am Maskenkörper oder Ausatmungsventil und im Ausatmungs-
strom befindlichen Faserfilter aufweist, um zu verhindern, daß Verunreinigungen mit der ausgeatmeten Luft
vom inneren Gasraum zum äußeren Gasraum gelangen können.

2. Filtergesichtsmaske nach Anspruch 1, wobei das erste Filterelement und das zweite Filterelement unterschiedlich
groß sind oder aus unterschiedlichen Materialien bestehen.

3. Filtergesichtsmaske nach Anspruch 2, wobei das erste Filterelement sich integral im Maskenkörper befindet und
wobei am zweiten Filterelement, wenn eine Person ausatmet, ein Druckabfall erfolgt, wobei der Druckabfall am
zweiten Filterelement geringer als ein Druckabfall am ersten Filterelement während einer Ausatmung ist.

4. Filtergesichtsmaske nach Anspruch 2, wobei das erste Filterelement sich nicht integral im Maskenkörper befindet
und wobei das zweite Filterelement so ausgeführt ist, daß sich das zweite Filterelement durch die Anordnung im
Ausatmungsstrom in einer Bahn mit geringstem Widerstand befindet, wenn eine Person ausatmet.

5. Filtergesichtsmaske nach Anspruch 3, wobei die Filtergesichtsmaske einen schalenförmigen Maskenkörper hat
und das erste Filterelement eine Filterschicht aufweist.

6. Filtergesichtsmaske nach Anspruch 3, wobei der Maskenkörper eine darin befindliche Öffnung hat, wobei sich das
Ausatmungsventil an der Öffnung am Maskenkörper befindet.
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7. Filtergesichtsmaske nach Anspruch 6, wobei der Maskenkörper eine Schicht aus Filtermaterial aufweist und wobei
sich das zweite Filterelement zwischen dem Filtermaterial und der Basis des Ausatmungsventils befindet oder
wobei sich das zweite Filterelement stromaufwärts von der Öffnung im Filtermaterial befindet oder wobei das
Ausatmungsventil eine Ventilabdeckung aufweist und sich das zweite Filterelement über das Äußere der Ventilab-
deckung und darum herum erstreckt oder wobei das Ausatmungsventil eine Ventilabdeckung aufweist und sich
das zweite Filterelement am Inneren der Ventilabdeckung befindet oder wobei sich das zweite Filterelement über
das Äußere des Ausatmungsventils und des Maskenkörpers erstreckt und die Oberfläche des zweiten Filterele-
ments größer als die Oberfläche des Filtermaterials im Maskenkörper ist oder wobei sich das zweite Filterelement
stromabwärts von dem Ausatmungsventil befindet und am Maskenkörper befestigt ist und eine Oberfläche hat,
die kleiner als die Oberfläche des Filtermaterials im Maskenkörper ist.

8. Filtergesichtsmaske nach Anspruch 3, wobei das erste Filterelement eine Schicht aus Filtermaterial aufweist, der
Maskenkörper eine Abdeckungsbahn aufweist und wobei die Abdeckungsbahn als das zweite Filterelement dient.

9. Filtergesichtsmaske nach Anspruch 1, wobei das Ausatmungsventil eine daran befindliche Ventilabdeckung hat,
die eine poröse Struktur besitzt, die es ermöglicht, daß die Ventilabdeckung als ein zweites Filterelement dient.

10. Filtergesichtsmaske nach Anspruch 1, wobei das zweite Filterelement bei einem Test in Übereinstimmung mit dem
Bacterial Filtration Efficiency Test mindestens 95% der Verunreinigungen entfernt.

Revendications

1. Masque facial filtrant comprenant un premier élément de filtre pour filtrer l'air inspiré et comprenant en outre :

(a) un corps de masque ;
(b) une soupape d'expiration qui est disposée sur le corps de masque et qui comporte au moins un orifice qui
permet à l'air expiré de passer d'un espace intérieur de gaz à un espace extérieur de gaz pendant l'expiration ;
et
(c) un deuxième élément de filtre comprenant un filtre en fibre disposé dans ou sur le corps de masque ou la
soupape d'expiration et dans le chemin d'écoulement d'expiration pour éviter que les particules de contami-
nation ne passent de l'espace intérieur de gaz dans l'espace extérieur de gaz avec l'air expiré.

2. Masque facial filtrant selon la revendication 1, dans lequel le premier élément de filtre et le deuxième élément de
filtre sont de dimensions ou de matériaux différents.

3. Masque facial filtrant selon la revendication 2, dans lequel le premier élément de filtre est disposé intégralement
dans le corps de masque, et dans lequel le deuxième élément de filtre fait apparaître une baisse de pression à
travers lui quand une personne expire, laquelle baisse de pression à travers le deuxième élément de filtre est
inférieure à une baisse de pression à travers le premier élément de filtre pendant une expiration.

4. Masque facial filtrant selon la revendication 2, dans lequel le premier élément de filtre n'est pas disposé intégra-
lement dans le corps de masque, et dans lequel le deuxième élément de filtre est adapté de telle sorte que sa
mise en place dans le chemin d'écoulement d'expiration met le deuxième élément de filtre dans un chemin de
moindre résistance quand une personne expire.

5. Masque facial filtrant selon la revendication 3, dans lequel le masque facial filtrant a un corps de masque en forme
de coupe et le premier élément de filtre comprend une couche de filtre.

6. Masque facial filtrant selon la revendication 3, dans lequel une ouverture est disposée dans le corps de masque,
la soupape d'expiration étant disposée sur le corps de masque au niveau de l'ouverture.

7. Masque facial filtrant selon la revendication 6, dans lequel le corps de masque comprend une couche de matériau
de filtre et dans lequel le deuxième élément de filtre est disposé entre le matériau de filtre et la base de la soupape
d'expiration, ou dans lequel le deuxième élément de filtre est disposé en amont de l'ouverture du matériau de filtre,
ou dans lequel la soupape d'expiration comprend une couverture de soupape et le deuxième élément de filtre
s'étend au-dessus et autour de la couverture de soupape sur sa partie extérieure, ou dans lequel la soupape
d'expiration comprend une couverture de soupape et le deuxième élément de filtre est situé sur le côté intérieur
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de la couverture de soupape, ou dans lequel le deuxième élément de filtre s'étend sur l'extérieur de la soupape
d'expiration et du corps de masque et où la superficie du deuxième élément de filtre est plus grande que la superficie
du matériau de filtre dans le corps de masque, ou dans lequel le deuxième élément de filtre est disposé en aval
de la soupape d'expiration et est fixé au corps de masque et a une superficie qui est inférieure à la superficie du
matériau de filtre dans le corps de masque.

8. Masque facial filtrant selon la revendication 3, dans lequel le premier élément de filtre comprend une couche de
matériau de filtre, le corps de masque comprend une toile de couverture, et dans lequel la toile de couverture agit
en tant que deuxième élément de filtre.

9. Masque facial filtrant selon la revendication 1, dans lequel une couverture de soupape disposée sur la soupape
d'expiration est une structure poreuse qui permet à la couverture de soupape d'agir comme un deuxième élément
de filtre.

10. Masque facial filtrant selon la revendication 1, dans lequel le deuxième élément de filtre retire au moins 95 % de
l'épreuve imposée lorsqu'il est testé conformément à l'essai d'efficacité de la filtration bactérienne.
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