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(57) ABSTRACT

Filter media suitable for various applications (e.g., hydrau-
lic) and related components, systems, and methods associ-
ated therewith are described. The filter media may include a
fiber web having a mixture of glass fibers and fibers that are
fibrillated. The fibrillated fibers, for example, may be formed
of lyocell.
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FILTER MEDIA WITH FIBRILLATED
FIBERS

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/684,726, filed Apr. 13, 2015, which is a
continuation of U.S. application Ser. No. 12/971,432 (now
U.S. Pat. No. 9,027,765), filed Dec. 17, 2010, which are
incorporated herein by reference in their entirety.

FIELD OF INVENTION

[0002] Aspects described herein relate generally to filter
media and more particularly to filter media including glass
fibers and fibrillated fibers.

BACKGROUND

[0003] Filter media can be used to remove contamination
in a variety of applications. Depending on the application,
the filter media may be designed to have different perfor-
mance characteristics. For example, a filter media may be
designed to have performance characteristics suitable for
hydraulic applications which involve filtering contamination
in pressurized fluids (e.g., liquid). Filter media may also be
designed to have performance characteristics suitable for
applications that involve filtering in air.

[0004] In general, filter media can be formed of a web of
fibers. The fiber web provides a porous structure that permits
fluid (e.g., hydraulic fluid, air) to flow through the filter
media. Contaminant particles contained within the fluid may
be trapped on the fibrous web. Filter media characteristics,
such as fiber diameter and basis weight, affect filter perfor-
mance including filter efficiency, dust holding capacity and
resistance to fluid flow through the filter.

[0005] Certain filter media include webs formed of glass
fibers. Such media can exhibit brittle characteristics, which
generally make the filter media sensitive to handle and
difficult to pleat. In some filter media, synthetic components
(e.g., polyvinyl alcohol) are added to the web to improve
mechanical properties such as strength. However, such com-
ponents can negatively effect filtration properties including
lowering dust holding capacity and causing instabilities in
efficiency over time.

[0006] In general, there is a need for a glass fiber filter
media which has a desirable balance of properties including
high flexibility and strength, high dust holding capacity and
a stable efficiency over the life time of the filter media.

SUMMARY

[0007] Filter media suitable for various applications, and
related components, systems, and methods associated there-
with are provided.

[0008] In one aspect, a filter media is provided. The filter
media includes a fiber web having glass fibers and lyocell
fibers. The fiber web has a basis weight of between about 10
and about 1000 g/m> and a thickness of between about 0.10
mm and about 50.0 mm. The average Canadian Standard
Freeness level of fibrillation of the lyocell fibers in the fiber
web is between 45 and 850.

[0009] In another aspect, a filter media including a fiber
web having glass fibers and fibrillated fibers is provided. The
fiber web has a beta efficiency ratio of greater than about 100
for particles having an average diameter of greater than
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about 1 micron and the fiber web has a dust holding capacity
of greater than about 50 g/m>.

[0010] In a further aspect, a filter media including a fiber
web having glass fibers and non-fibrillated synthetic fibers is
provided. The fiber web has a beta efficiency ratio of greater
than about 100 for particles having an average diameter of
greater than about 1 micron and the beta efficiency ratio
increases or remains constant over greater than 60% of an
entire test period in which the fiber web is subject to the
multipass filter test. The fiber web has a dust holding
capacity of greater than about 50 g/m?, and the fiber web
exhibits a tensile elongation in a cross-machine direction of
greater than about 1%. The non-fibrillated synthetic fibers
comprise less than about 30% by weight of the fiber web.
[0011] In yet another aspect, a filter media including a
fiber web having a plurality of glass fibers and a plurality of
fibrillated fibers is provided. The filter media has a tensile
elongation in a cross-machine direction of greater than about
1%.

[0012] In a different aspect, a method of filtering a fluid is
provided. The method includes flowing a fluid through a
fiber web having glass fibers and lyocell fibers. The average
Canadian Standard Freeness level of fibrillation of the
lyocell fibers is between 45 and 850.

[0013] Other aspects, embodiments, advantages and fea-
tures of the invention will become apparent from the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings are not intended to be
drawn to scale. For purposes of clarity, not every component
may be labeled in every drawing. In the drawings:

[0015] FIG. 1 depicts a graph of Beta Efficiency over time
for Examples 1 and 2 and a conventional glass fiber filter
media;

[0016] FIG. 2 depicts dust holding capacity measurements
for Examples 1 and 2 and a conventional glass fiber filter
media;

[0017] FIG. 3 depicts clongation measurements for
Examples 1 and 2 and a conventional glass fiber filter media;
[0018] FIG. 4 depicts burst strength measurements for
Examples 1 and 2 and a conventional glass fiber filter media;
[0019] FIG. 5 depicts air permeability measurements for
handsheets having lyocell with varying levels of fibrillation;
[0020] FIG. 6 depicts tensile elongation measurements for
handsheets having lyocell with varying levels of fibrillation;
and

[0021] FIG. 7 depicts tensile strength measurements for
handsheets having lyocell with varying levels of fibrillation.

DETAILED DESCRIPTION

[0022] Filter media suitable for various applications (e.g.,
hydraulic) and related components, systems, and methods
associated therewith are described. The filter media may
include a fiber web having a mixture of glass fibers and
fibers that are fibrillated. The fibrillated fibers, for example,
may be formed of lyocell. As described further below, the
presence of fibrillated fibers may enhance mechanical prop-
erties of the fiber web, such as flexibility and strength, as
well as improve filtration properties such as dust holding
capacity and efficiency stability over time, amongst other
benefits. The filter media may be particularly well-suited for
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applications that involve filtering liquids (e.g., hydraulic
fluid) but also can be used in other applications.

[0023] The filter media described herein include fibrillated
fibers (e.g., lyocell fibers). As known to those of ordinary
skill in the art, a fibrillated fiber includes a parent fiber that
branches into smaller diameter fibrils which can, in some
instances, branch further out into even smaller diameter
fibrils with further branching also being possible. The
branched nature of the fibrils lead to a high fiber surface area
and can increase the number of contact points between the
fibrillated fibers and the glass fibers in the web. It is believed
that this increase in points of contact between the fibrillated
fibers and the glass fibers contributes to enhancing the
mechanical properties (e.g., flexibility, strength) of the web.
[0024] In general, the fibrillated fibers may include any
suitable level of fibrillation. The level of fibrillation relates
to the extent of branching in the fiber. The level of fibrilla-
tion may be measured according to several suitable methods.
[0025] For example, the level of fibrillation can be mea-
sured according to a Canadian Standard Freeness (CSF) test,
specified by TAPPI test method T 227 om 09 Freeness of
pulp. In some embodiments, the average CSF value for the
fibrillated fibers may be greater than about 100. For
example, the average CSF value may be between 45 and
850, between about 100 and about 600, between about 100
and 500; between about 100 and 400, and between about 100
and 300. In some embodiments, the average CSF value of
the fibrillated fibers may be greater than about 200. For
example, the average CSF value may be between about 200
and 600, between about 200 and about 500, between about
200 and about 400, and between about 200 and 300. In some
embodiments, the average CSF values of the fibrillated
fibers may be greater than about 300. For example, the
average CSF values may be between about 300 and about
600, between about 300 and 500, and between about 300 and
about 400.

[0026] In some embodiments, the level of fibrillation can
be measured according to a Schopper Riegler (SR) test. In
some embodiments, the average SR value for the fibrillated
fibers may be greater than about 20. For example, the
average SR value may be between about 20 and about 70,
between about 20 and about 60, and between about 20 and
about 50. In some embodiments, the average SR value may
be greater than about 30. For example, the average SR value
may be between about 30 and about 70, and between about
30 and about 50. In some embodiments, the average SR
value may be greater than about 40, for example, the average
SR value may be between about 40 and about 50.

[0027] In some embodiments, the level of fibrillation can
be measured according to a Williams Freeness (WF) test. In
some embodiments, the average WF value for the fibrillated
fibers may be greater than about 150. For example, the
average WR values for the fibrillated fibers may be between
about 150 and about 700, and between about 150 and 500.
In some embodiments, the WF values may be greater than
about 250. For example, the WR values may be between
about 250 and about 700, and between about 250 and 500.
[0028] It should be understood that, in certain embodi-
ments, the fibers may have fibrillation levels outside the
above-noted ranges.

[0029] In certain preferred embodiments, the fibrillated
fibers are formed of lyocell. Lyocell fibers are regenerated
cellulose fibers that generally may be processed to have high
levels of fibrillation. Lyocell fibers may be resistant to high
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temperature, further providing the filter media with an
increased resistance to high temperatures. Suitable lyocell
fibers may be obtained, for example, in an un-fibrillated or
fibrillated state. Fibrillated fibers may be formed from
materials other than lyocell including rayon or other cellu-
lose based materials. In some cases, rayon fibers may be
manufactured through a spinning process in a water-based
environment. Lyocell fibers may be manufactured, in some
embodiments, through spinning in a non-water-based envi-
ronment (e.g., amine oxide), which may increase the poten-
tial level of fibrillation when processed, for example, in
comparison to rayon. Fibers may be fibrillated through any
appropriate fibrillation refinement process. In some embodi-
ments, fibers (e.g., lyocell fibers) are fibrillated using a disc
refiner, a stock beater or any other suitable fibrillating
equipment.

[0030] It should be understood that, in certain embodi-
ments, the fibrillated fibers may have other compositions
than those described above.

[0031] In general, the fibrillated fibers may have any
suitable dimensions. As noted above, fibrillated fibers
include parent fibers and fibrils. The parent fibers may have
an average diameter of less than about 75 microns; in some
embodiments, less than about 60 microns; and in some
embodiments, less than about 15 microns. The fibrils may
have an average diameter of less than about 15 microns; in
some embodiments, less than about 10 microns; in some
embodiments, less than about 6 microns; in some embodi-
ments, less than about 4 microns; in some embodiments, less
than about 3 microns; and in some embodiments, less than
about 1 micron. For example, the fibrils may have a diameter
of between about 3 microns and about 10 microns, or
between about 3 microns and about 6 microns. The fibril-
lated fibers described may have an average length of less
than about 15 mm. For example, the average length may be
between about 0.2 and about 12 mm, or between about 2 mm
and about 4 mm. The above-noted dimensions may be, for
example, when the fibrillated fibers are lyocell.

[0032] It should be understood that, in certain embodi-
ments, the fibers and fibrils may have dimensions outside the
above-noted ranges.

[0033] In general, the fiber web may include any suitable
weight percentage of fibrillated fibers to achieve the desired
balance of properties. In some embodiments, the fibrillated
fibers make up greater than about 2.5% by weight of the fiber
web; in some embodiments, the fibrillated fibers make up
greater than about 5.0% by weight of the fiber web; in some
embodiments, greater than about 10% by weight of the fiber
web; and, in some embodiments, greater than about 15% by
weight of the fiber web. For example, the fiber web may
comprise between about 2.5% and about 60% by weight of
fibrillated fibers; in some embodiments, between about 5.0%
and about 30% by weight fibrillated fibers; and, in some
embodiments, between about 15% by weight and about 25%
by weight of fibrillated fibers.

[0034] In some cases, it may be advantageous for the
fibrillated fibers to be aligned in the machine direction of the
web (i.e., when a fiber’s length extends substantially in the
machine direction) and/or in the cross-machine direction of
the web (i.e., when a fiber’s length extends substantially in
the cross-machine direction). It should be understood that
the terms machine direction and cross-machine direction
have their usual meanings in the art. That is, the machine
direction refers to the direction in which the fiber web moves
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along the machine during processing and a cross-machine
direction is perpendicular to the machine direction. For
example, between about 30% and about 70% by weight of
the fibrillated fibers, between about 40% and about 60% by
weight of the fibrillated fibers, or between about 45% and
about 50% by weight of the fibrillated fibers may be sub-
stantially aligned in the machine direction. Similarly,
between about 30% and about 70% by weight of the
fibrillated fibers, between about 40% and about 60% by
weight of the fibrillated fibers, or between about 45% and
about 50% by weight of the fibrillated fibers may be sub-
stantially aligned in the cross-machine direction.

[0035] In addition to the fibrillated fibers, the fiber webs
can include glass fibers. The glass fibers may be the largest
fiber component in the web by weight. For example, the fiber
web may comprise greater than about 50% by weight of
glass fibers; in some embodiments, greater than about 60%
by weight; in some embodiments, greater than about 70% by
weight; and, in some embodiments, greater than about 80%
by weight.

[0036] The glass fibers of a fiber web may have any
suitable average fiber diameter and may depend on the type
of glass fiber used. In some embodiments, the glass fibers
have an average fiber diameter of at least 5.0 microns, at
least 10.0 microns, or at least 15.0 microns. The average
fiber diameter may be up to about 30.0 microns in some
cases. In certain embodiments, the glass fibers have an
average fiber diameter between about 0.1 microns and about
30.0 microns (e.g., between about 1.0 micron and about 20.0
microns, between about 5.0 microns and 15.0 microns, or
between about 6.0 microns and 12.0 microns). In some
instances, the glass fibers can have small average diameters
such as less than about 10.0 microns. For example, the
average diameter may be between about 0.01 microns to
about 10.0 microns; in some embodiments, between about
0.4 microns and about 8.0 microns; and in certain embodi-
ments, between about 0.3 microns and about 6.5 microns
(e.g., between 1.0 microns and 5.0 microns, between about
0.4 microns and 4.0 microns, between about 0.3 microns and
about 3.0 microns, or between about 0.2 microns and 2.0
microns). Other diameters and ranges are also possible.
Average diameters of the glass fibers may have any suitable
distribution. In some embodiments, the diameters of the
fibers are substantially the same. In other embodiments,
average diameter distribution for glass fibers may be log-
normal.

[0037] However, it can be appreciated that glass fibers
may be provided in any other appropriate average diameter
distribution (e.g., a Gaussian distribution, a bimodal distri-
bution).

[0038] The glass fibers may vary significantly in length as
a result of process variations. For instance, glass fibers may
have a length in the range of between about 0.125 inches and
about 1 inch (e.g., about 0.25 inches, or about 0.5 inches).
The aspect ratios (length to diameter ratio) of the glass fibers
may be generally in the range of about 100 to about 10,000.
In some embodiments, the aspect ratio of the glass fibers
may be in the range of about 200 to about 2500; or, in the
range of about 300 to about 600. In some embodiments, the
average aspect ratio of the glass fibers may be about 1,000;
or about 300.

[0039] It should be appreciated that the above-noted
dimensions are not limiting and that the glass fibers may also
have other dimensions.
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[0040] Average lengths of the glass fibers may have any
suitable distribution. In some embodiments, the lengths of
the fibers are substantially the same. In other embodiments,
average length distribution for glass fibers may be log-
normal. However, it can be appreciated that glass fibers may
be provided in any other appropriate average length distri-
bution (e.g., a Gaussian distribution, a bimodal distribution).

[0041] Examples of glass fibers that may have the above-
mentioned properties include chopped strand glass fibers
and microglass fibers. In some embodiments, the fiber web
has a combination of chopped strand glass fibers and micro-
glass fibers. Chopped strand glass fibers and microglass
fibers are known to those skilled in the art. One skilled in the
art is able to determine whether a glass fiber is chopped
strand or microglass by observation (e.g., optical micros-
copy, electron microscopy). Chopped strand glass may also
have chemical differences from microglass fibers. In some
cases, though not required, chopped strand glass fibers may
contain a greater content of calcium or sodium than micro-
glass fibers. For example, chopped strand glass fibers may
be close to alkali free with high calcium oxide and alumina
content. Microglass fibers may contain 10-15% alkali (e.g.,
sodium, magnesium oxides) and have relatively lower melt-
ing and processing temperatures. The terms refer to the
technique(s) used to manufacture the glass fibers. Such
techniques impart the glass fibers with certain characteris-
tics. In general, chopped strand glass fibers are drawn from
bushing tips and cut into fibers. Microglass fibers are drawn
from bushing tips and further subjected to flame blowing or
rotary spinning processes. In some cases, fine microglass
fibers may be made using a remelting process. In this
respect, microglass fibers may be fine or coarse. Chopped
strand glass fibers are produced in a more controlled manner
than microglass fibers, and as a result, chopped strand glass
fibers will generally have less variation in fiber diameter and
length than microglass fibers.

[0042] In some embodiments, the microglass fibers can
have small diameters such as less than about 10.0 microns,
less than about 5 microns, less than about 3 microns, less
than about 1 micron, or less than about 0.5 microns. For
example, the diameter may be between about 0.01 microns
to about 10.0 microns; between about 0.1 microns and about
10.0 microns; in some embodiments, between about 1.0
micron and about 10.0 microns; in some embodiments,
between about 1.0 micron and about 5.0 microns; in some
embodiments, between about 5.0 microns and about 10.0
microns; in some embodiments, between about 0.1 microns
and about 9.0 microns; in some embodiments, between
about 0.3 microns and about 6.5 microns; in some embodi-
ments, between about 0.4 microns and about 8.0 microns; in
some embodiments, between about 0.4 microns and 4.0
microns; and in some embodiments, between about 0.3
microns and about 3.0 microns, or between about 0.2
microns and 2.0 microns. In some embodiments, average
diameter distributions for microglass fibers may be log-
normal. However, it can be appreciated that microglass
fibers may be provided in any other appropriate average
diameter distribution (e.g., a Gaussian distribution, a
bimodal distribution).

[0043] As noted above, microglass fibers may be fine or
coarse. As used herein, fine microglass fibers are less than
about 1 micron in diameter and coarse microglass fibers are
greater than or equal to about 1 micron in diameter.
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[0044] The microglass fibers may vary significantly in
length as a result of process variations. The aspect ratios
(length to diameter ratio) of the microglass fibers may be
generally in the range of about 100 to about 10,000. In some
embodiments, the aspect ratio of the microglass fibers may
be in the range of about 200 to about 2500; or, in the range
of about 300 to about 600. In some embodiments, the
average aspect ratio of the microglass fibers may be about
1,000; or about 300. It should be appreciated that the
above-noted dimensions are not limiting and that the micro-
glass fibers may also have other dimensions. In some
embodiments, average length distributions for microglass
fibers may be log-normal. Though, in other embodiments,
microglass fibers may be provided in any appropriate aver-
age length distribution (e.g., a Gaussian distribution, a
bimodal distribution).

[0045] The chopped strand glass fibers may have an
average fiber diameter that is greater than the diameter of the
microglass fibers. In some embodiments, the chopped strand
glass fiber has a diameter of greater than about 5 microns,
greater than about 10.0 microns, or greater than about 15.0
microns. For example, the diameter range may be up to
about 30 microns. In some embodiments, the chopped strand
glass fibers may have a fiber diameter between about 1.0
micron and about 30.0 microns, between about 1.0 micron
and about 20.0 microns, between 1.0 micron and 10.0
microns, between about 1.0 micron and 5.0 microns,
between about 3.0 microns and 8.0 microns, between about
4.0 microns and 7.0 microns, between about 5.0 microns and
15.0 microns, between about 5 microns and about 12
microns. In one embodiment, the chopped strand glass fibers
may have an average fiber diameter of about 6.5 microns. In
some embodiments, the diameters of the chopped strand
glass fibers are substantially the same.

[0046] In some embodiments, chopped strand glass fibers
may have a length in the range of between about 0.125
inches and about 1 inch (e.g., about 0.25 inches, or about 0.5
inches). In some embodiments, the lengths of the chopped
strand glass fibers are substantially the same.

[0047] It should be appreciated that the above-noted
dimensions are not limiting and that the microglass and
chopped strand fibers may also have other dimensions.

[0048] In some embodiments, the chopped strand glass
fibers may have an organic surface finish. Such a surface
finish can, for example, enhance dispersion of the fibers
during processing. In various embodiments, the surface
finish may include starch, polyvinyl alcohol, or other suit-
able finishes. In some cases, the surface finish may be
applied as a coating as the chopped strand glass fibers are
extruded during production.

[0049] Any suitable amount of microglass fibers may be
used. In certain embodiments, the ratio between the weight
percentage of microglass fibers and chopped strand glass
fibers provides for different characteristics. In some embodi-
ments, the fiber web may include a relatively large percent-
age of microglass fibers compared to chopped strand glass
fibers. For example, the fiber web may include microglass in
an amount greater than 40% by weight of the fiber web; in
some embodiments, greater than 50% by weight of the fiber
web; in some embodiments, greater than 60% by weigh of
the fiber web; and, in some embodiments, greater than 70%
by weight of the fiber web, greater than 90 wt % of the fiber
web, or greater than 95 wt % of the fiber web. In certain
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embodiments, the fiber web includes ranges of microglass
fibers outside of the above-noted ranges.

[0050] In general, any suitable amount of chopped strand
fibers can be used. In some embodiments, the fiber web may
include a relatively low percentage of chopped strand fibers.
For example, in some embodiments, the fiber web includes
between about 1% by weight and about 30% by weight
chopped strand fibers; in some embodiments, between about
5% by weight and about 30% by weight; and, in some
embodiments, between about 10% by weight and about 20%
by weight. In some cases, the fiber web might not include
any chopped strand fibers. It should be understood that, in
certain embodiments, the fiber web does not include
chopped strand fibers within the above-noted ranges.
[0051] In addition to glass fibers and fibrillated fibers, the
fiber web may include other components such as certain
types of synthetic (e.g., thermoplastic) fibers (other than
lyocell fibers) and/or binder material. Examples of suitable
synthetic fibers include polyester, polyethylene, polypropyl-
ene, polyolefin, nylon, and combinations thereof. It should
be appreciated that other appropriate synthetic fibers may
also be used.

[0052] Insome embodiments, the fiber web may include a
relatively low percentage of synthetic fibers other than
lyocell fibers. For example, the fiber web may include less
than 30%, less than 20%, less than 10%, less than 5%, or less
than 1% by weight of synthetic fibers other than lyocell
fibers. In some cases, synthetic fibers other than lyocell
fibers make up between about 1% and about 30%, between
about 1% and about 10%, or between about 1% and about
5% by weight of the fiber web. In some cases, the fiber web
does not include any synthetic fiber other than lyocell fiber
and, thus, is free of synthetic fiber other than lyocell fiber. It
should be understood that it may also be possible for
synthetic fibers to be incorporated within the fiber web
outside of the ranges disclosed.

[0053] A binder material may be incorporated in the fiber
web, typically comprising a small weight percentage of the
fiber web. In general, a binder may have any suitable
composition. In some embodiments, the binder is resin-
based. The binder may comprise acrylic, PVA, a thermo-
plastic, a thermoset, or a combination thereof. In some
embodiments, the binder may be added to the web in fiber
form. The binder may comprise one or more components,
for example, the binder may be in the form of bicomponent
fibers such as with components having different melting
temperatures. In some cases, the binder may comprise less
than about 10%, or less than about 5% (e.g., between 2% and
5%) by weight of the fiber web. For example, the binder may
comprise between about 1% and about 9%, or between about
5% and about 9% by weight of the fiber web. As described
further below, the binder may be added to the fibers in any
suitable manner in the wet fiber web state. In some embodi-
ments, the binder coats the fibers and is used to adhere fibers
to each other to facilitate adhesion between the fibers.
[0054] In addition to binder material, glass components,
lyocell and synthetic components described above, the fiber
web may include a variety of other suitable additives (typi-
cally, in small weight percentages of the fiber web) such as,
surfactants, coupling agents, crosslinking agents, conductive
additives, amongst others. Though, it should be understood
that not all embodiments include all of these components
and that other appropriate additives may be suitably incor-
porated.
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[0055] The fiber webs (and resulting filter media) may
have a variety of desirable properties and characteristics. For
example, the fiber webs described herein can be designed to
have varying basis weight, pore size, thickness, porosity,
surface area, permeability, dust holding capacity, efficiency
and/or pressure drop, depending upon the requirements of a
desired application.

[0056] The overall basis weight of the fiber web can vary
depending on factors such as the strength requirements of a
given filtering application, the materials used to form the
filter media, as well as the desired level of filter efficiency
and permissible levels of resistance or pressure drop. In
certain embodiments described herein, some fiber webs may
have a low overall basis weight while achieving advanta-
geous filtration performance or mechanical characteristics.
For example, a fiber web incorporating fibrillated fibers
which provides for an enhanced surface area of the fiber web
may have a low basis weight without a sacrifice in strength.
In some embodiments, the overall basis weight of the fiber
web may range from between about 5 and about 1000 g/m?,
between about 10 and about 1000 g/m?, between about 15
and about 500 g/m?, between about 15 and about 150 g/m?,
between about 30 and about 150 g/m?, between about 90
g/m? and about 150 g/m>, or between about 30 g/m* and
about 100 g/m>. As determined herein, the basis weight of
the fiber web is measured according to the ISO 536 Stan-
dard. Values are expressed in grams per square meter or
pounds per 3,000 square feet. Basis weight can generally be
measured on a laboratory balance that is accurate to 0.1
grams.

[0057] Thickness, as referred to herein, is determined
according to ISO 534 tested at 2 N/cm?. The overall thick-
ness of the fiber web may be between about 0.05 mm and
about 100.0 mm, between about 0.10 mm and about 50.0
mm, between about 0.10 mm and about 10.0 mm, between
about 0.15 mm and about 1.0 mm, between about 0.20 mm
and about 0.90 mm, between about 0.2 mm and about 0.8
mm, or between about 0.25 mm and about 0.50 mm.
[0058] The fiber web may exhibit a suitable mean flow
pore size. Mean flow pore size, as determined herein, is
measured according to ASTM E1294. In some embodi-
ments, the mean flow pore size may range between about 2.5
microns and about 5.0 microns, or between about 5 microns
and about 20 microns.

[0059] In some embodiments, it may be preferable for the
fiber web to exhibit certain mechanical characteristics. For
example, as discussed, blending glass fibers and fibrillated
fibers together in a fiber web may give rise to a flexible filter
media that is less prone to damage from pleating as com-
pared with conventional glass fiber filter media.

[0060] The fiber web may have different tensile elongation
properties in the machine direction and the cross-machine
direction. For example, the tensile elongation in the machine
direction of the fiber web may be greater than about 0.2%,
greater than about 0.5%, or greater than about 0.8%. For
example, the tensile elongation in the machine direction of
the fiber web may be between about 0.2% and about 4.0%,
between about 0.5% and about 3.5%, between about 1.0%
and about 3.0%, or between about 1.5% and about 2.5%. The
tensile elongation in the cross-machine direction of the fiber
web may be greater than about 0.2%, greater than about
0.5%, greater than about 0.8%, or greater than about 1.0%.
For example, the tensile elongation in the cross-machine
direction of the fiber web may be between about 0.2% and
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about 6.0%, between about 0.2% and about 5.0%, between
about 0.5% and about 4.5%, between about 1.0% and about
3.5%, or between about 2.0% and about 3.5%.

[0061] The tensile strength properties may also vary for
the fiber web in the machine direction and the cross-machine
direction. The tensile strength in the machine direction of the
filter media may be greater than 2 N/15 mm, or greater than
4 N/15 mm. For example, the tensile strength in the machine
direction of the fiber web may be between about 1 N/15 mm
and about 6 N/15 mm, between about 2 N/15 mm and about
5 N/15 mm, or between about 3 N/15 mm and about 4 N/15
mm. The tensile strength of the fiber web in the cross-
machine direction may be greater than 1 N/15 mm, or
greater than 3 N/15 mm and may also be between about 1
N/15 mm and about 6 N/15 mm, between about 2 N/15 mm
and about 5 N/15 mm, or between about 3 N/15 mm and
about 4 N/15 mm. In some cases, the cross machine direc-
tion tensile strength may be greater or less than the machine
direction tensile strength.

[0062] Tensile strength and tensile elongation are mea-
sured according to the following Standard EN/ISO 1924-2.

[0063] Dry Schopper burst tests may be used as a further
test for strength in measuring the pressure required for
puncturing the fiber web as an indicator of the load carrying
capacity of the fiber web under certain conditions. Dry
Schopper burst strength is measured according to DIN
53113. In some embodiments, the dry Schopper burst for the
fiber web may be greater than 15 kPa, greater than 30 kPa,
greater than 40 kPa, or between about 5 kPa and about 50
kPa, between about 10 kPa and about 40 kPa, between about
15 kPa and about 30 kPa, or between about 15 kPa and about
20 kPa.

[0064] It should be understood that the dry Schopper burst
strength may depend on the basis weight. For example, the
dry Schopper burst may increase with increasing basis
weight.

[0065] The fiber web described herein may also exhibit
advantageous filtration performance characteristics, such as
dust holding capacity (DHC), beta efficiency, stability of the
efficiency, air resistance, air permeability, retention, amongst
others.

[0066] The fiber webs described herein can have beneficial
dust holding properties. In some embodiments, the fiber web
may have a DHC of greater than 50 g/m?, greater than 60
g/m?, greater than 80 g/m?, greater than 100 g/m?, greater
than 150 g/m?, greater than 200 g/m>, greater than 230 g/m?,
or greater than 250 g/m>. In some cases, the fiber web can
have an overall DHC of between about 30 g/m? and about
250 g/m?, between about 50 g/m> and about 230 g/m?,
between about 70 g/m* and about 200 g/m?, between about
90 g/m” and about 150 g/m?, between about 100 g/m* and
about 130 g/m?, or between about 110 g/m?> and about 120
g/m?. The dust holding capacity, as referred to herein, is
tested based on a Multipass Filter Test following the ISO
16889 procedure (modified by testing a flat sheet sample) on
a Multipass Filter Test Stand manufactured by Graphischer
Maschinenbau Nordhausen GmbH (GMN). The testing uses
ISO A3 Medium test dust manufactured by PTI, Inc. at an
upstream gravimetric dust level of 10 mg/liter. The test fluid
is Aviation Hydraulic Fluid AERO HFA MIL H-5606A
manufactured by Mobil. The test is run at a face velocity of
0.25 meters/min until a terminal pressure of 2 bars above the
baseline filter pressure drop is obtained.
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[0067] The fiber webs described herein may be used for
the filtration of various particle sizes, e.g., particles having
a size of less than or equal to about 50 microns, less than or
equal to about 30 microns, less than or equal to about 20
microns, less than or equal to about 15 microns, less than or
equal to about 10 microns, less than or equal to about 5
microns, less than or equal to about 3 microns, or less than
or equal to about 1 micron. The efficiency of filtering such
particle sizes can be measured using a Multipass Filter Test.
For instance, the efficiency values are determined following
the ISO 16889 procedure (modified by testing a flat sheet
sample) on a Multipass Filter Test Stand manufactured by
GMN. The testing uses ISO A3 Medium test dust manufac-
tured by PTL Inc. at an upstream gravimetric dust level of
10 mg/liter. The test fluid is Aviation Hydraulic Fluid AERO
HFA MIL H-5606A manufactured by Mobil. The test is run
at a face velocity of 0.25 meters/min until a terminal
pressure of 2 bars above the baseline filter pressure drop is
obtained. Particle counts (particles per milliliter) at the
minimum particle sizes selected (e.g., 3, 4, 5, 7, 10, 15, 20,
25, 30, 40 or 50 microns) upstream and downstream of the
media can be taken at ten points equally divided over the
time of the test. The average of upstream and downstream
particle counts can be taken at each selected minimum
particle size and particles greater than that size. From the
average particle count upstream (injected, C,) and the aver-
age particle count downstream (passed thru, C) the liquid
filtration efficiency test value for each minimum particle size
selected can be determined by the relationship [(1-[C/C,]
*100%].

[0068] Efficiency can also be expressed in terms of a Beta
efficiency ratio, where Beta.,=y is the ratio of upstream
count (C,) to downstream count (C), and where x is the
minimum particle size that will achieve the actual ratio of C,,
to C that is equal to y. The penetration fraction of the media
is 1 divided by the Beta,, value (y), and the efficiency
fraction is 1-penetration fraction. Accordingly, the effi-
ciency of the media is 100 times the efficiency fraction, and
100*(1-1/Beta,,,)=efliciency percentage. For example, the
fiber web having a Beta,,=200 has an efficiency of [1-(1/
200)]*100, or 99.5% for x micron or greater particles. The
fiber web described herein may have a wide range of Beta
ratios, e.g., a Beta,,=y, where x can be, for example,
between 1 and 100 microns, between about 1 micron and
about 50 microns, between about 4 microns and about 25
microns, greater than about 1 micron, greater than about 3
microns, greater than about 4 microns, or greater than about
10 microns; and where y can be, for example, between 2 and
1000, greater than about 50, greater than about 100, greater
than about 200, greater than about 300, greater than about
500, or greater than about 800. It should be understood that
other values of x and y are also possible; for instance, in
some cases, y may be greater than 1000. It should also be
understood that for any value of X, y may be any number
representing the actual ratio of C, to C. Likewise, for any
value of y, x may be any number representing the minimum
particle size that will achieve the actual ratio of C, to C that
is equal to y. In some embodiments, a particle size (e.g.,
particle diameter) where Beta ;=200 (i.e., a beta efficiency
01'200) for the fiber web may range between about 1 micron
and about 50 microns, or between about 4 microns and about
25 microns. Or, put another way, the fiber web may have a
beta efficiency of about 200 for particles having an average
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diameter of between about 1 micron and about 50 microns,
or between about 4 microns and about 25 microns.

[0069] The stability of the beta efficiency ratio over time
may also be measured. In some embodiments, the beta
efficiency ratio may increase or remain constant over an
entire time period in which the fiber web is subject to the
multipass filter test described above. In some embodiments,
a beta efficiency ratio may increase or remain constant over
greater than 60% of the entire test period in which the fiber
web is subject to the multipass filter test described above.
For example, the beta efficiency ratio of the fiber web may
increase or remain constant over greater than 70%, greater
than 80% or greater than 90% of the entire test period in
which the fiber web is subject to the multipass filter test. A
conventional glass fiber web without the fibrillated fibers
described herein may fail (or exhibit a substantial decrease
in efficiency) prior to a glass fiber web that includes fibril-
lated fibers. Thus, when subject to a multipass filter test, a
conventional flat sheet glass fiber web without the fibrillated
fibers described herein is observed to exhibit a substantial
decrease in the measured beta efficiency ratio of the filter
media prior to completion of the multipass filter test at an
earlier time than compared to a flat sheet glass fiber web
with fibrillated fibers.

[0070] Accordingly, pleated glass fiber web including the
fibrillated fibers exhibits a greater stability of efficiency than
a conventional pleated glass fiber web without the fibrillated
fibers. For example, a conventional pleated glass fiber web
without fibrillated fibers, after a certain period of time, may
fail at the pleated edges of the filter media, permitting
contaminants to flow undesirably through the fiber web. In
contrast, a pleated glass filter media with the fibrillated fibers
may exhibit a beta efficiency ratio that increases or remains
constant for a greater period of time during a multipass filter
test as compared to a conventional pleated glass filter media
without fibrillated fibers.

[0071] The fiber webs may exhibit suitable air permeabil-
ity characteristics. In some embodiments, the overall per-
meability may range from between about 2 cubic feet per
minute per square foot (cfi/sf) and about 250 cfm/sf,
between about 2.3 cfm/sf and about 213 cfm/sf, or between
about 6 cfm/sf and about 150 cfm/sf. As determined herein,
the permeability is measured according to EN ISO 9237.
The permeability is an inverse function of flow resistance
and can be measured with a Frazier Permeability Tester. The
Frazier Permeability Tester measures the volume of air per
unit of time that passes through a unit area of sample at a
fixed differential pressure across the sample. Permeability
can be expressed in cubic feet per minute per square foot at
a 0.5 inch water differential.

[0072] The air resistance of the fiber web was measured
using a 10 cm? test area at a 40 cn/s face velocity. In some
embodiments, the air resistance of the fiber web may range
from between about 0.5 mbar and about 50 mbar, or between
about 1.5 mbar and about 10 mbar.

[0073] The fiber webs may have suitable efficiency char-
acteristics in air. Efficiency in air is measured using an air
filter test according to EN1822/1 where the fiber web is
subject to particles having a suitable size and traveling at a
suitable face velocity. For example, the air filter test may use
particles 0.1 microns in size, or 0.3 micron particles in size
against the fiber web. In some embodiments, the air filter test
may force the particles to travel at a 1.7 cm/sec face velocity,
a 2.5 cm/sec face velocity, or a 5.3 cm/sec face velocity
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against the fiber web. It can be appreciated that the efficiency
in air may be measured according to subjecting a fiber web
to other suitable particle sizes and face velocities. In some
embodiments, efficiency in air as measured by the air filter
test may be greater than about 10%, greater than about 20%,
or greater than about 30%, greater than about 50%, greater
than about 70%, greater than about 90%, greater than about
95%, greater than about 99.0%, greater than about 99.9%, or
greater than about 99.99%.

[0074] In general, the fiber webs may be produced using
suitable processes, such as using a wet laid or a dry laid
process. In general, a wet laid process involves mixing
together of the fibers; for example, glass fibers (e.g.,
chopped strand and/or microglass) may be mixed together
with the fibrillated fibers (e.g., lyocell), or optionally any
other synthetic fibers, to provide a fiber slurry. In some
cases, the slurry is an aqueous-based slurry. In certain
embodiments, the microglass fibers, fibrillated fibers, and
optionally any chopped strand and/or other synthetic fibers,
are stored separately in various holding tanks prior to being
mixed together. These fibers may be processed through a
pulper before being mixed together. In some embodiments,
combinations of chopped strand glass fibers, microglass
fibers, fibrillated fibers, and/or other synthetic fibers are
processed through a pulper and/or a holding tank prior to
being mixed together. As discussed above, microglass fibers
may include fine microglass fibers and coarse microglass
fibers.

[0075] It should be appreciated that any suitable method
for creating a glass fiber slurry may be used. In some cases,
additional additives are added to the slurry to facilitate
processing. The temperature may also be adjusted to a
suitable range, for example, between 33° F. and 100° F. (e.g.,
between 50° F. and 85° F.). In some embodiments, the
temperature of the slurry is maintained. In some cases, the
temperature is not actively adjusted.

[0076] In some embodiments, the wet laid process uses
similar equipment as a conventional papermaking process,
which includes a hydropulper, a former or a headbox, a
dryer, and an optional converter. For example, the slurry
may be prepared in one or more pulpers. After appropriately
mixing the slurry in a pulper, the slurry may be pumped into
a headbox, where the slurry may or may not be combined
with other slurries or additives may or may not be added.
The slurry may also be diluted with additional water such
that the final concentration of fiber is in a suitable range,
such as for example, between about 0.1% to 0.5% by weight.
[0077] Insome cases, the pH of the glass fiber slurry may
be adjusted as desired. For instance, the pH of the glass fiber
slurry may range between about 1.5 and about 7.0, between
about 2.5 and about 4.0, or between about 2.6 and about 3.2.
[0078] Before the slurry is sent to a headbox, the slurry
may be passed through centrifugal cleaners and/or pressure
screens for removing unfiberized glass or shot. The slurry
may or may not be passed through additional equipment
such as refiners or deflakers to further enhance the disper-
sion or fibrillation of the fibers. Fibers may then be collected
on a screen or wire at an appropriate rate using any suitable
machine, e.g., a fourdrinier, a rotoformer, a cylinder, or an
inclined wire fourdrinier.

[0079] In some embodiments, the process involves intro-
ducing binder (and/or other components) into a pre-formed
glass fiber layer (e.g., including lyocell in the glass fiber
layer). In some embodiments, as the glass fiber layer is
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passed along an appropriate screen or wire, different com-
ponents included in the binder, which may be in the form of
separate emulsions, are added to the glass fiber layer using
a suitable technique. In some cases, each component of the
binder resin is mixed as an emulsion prior to being combined
with the other components and/or glass fiber layer. In some
embodiments, the components included in the binder may be
pulled through the glass fiber layer using, for example,
gravity and/or vacuum. In some embodiments, one or more
of the components included in the binder resin may be
diluted with softened water and pumped into the glass fiber
layer. In some embodiments, a binder may be introduced to
the glass fiber layer by spraying onto the formed media, or
by any other suitable method, such as for example, size press
application, foam saturation, curtain coating, rod coating,
amongst others. In some embodiments, a binder material
may be applied to a fiber slurry prior to introducing the
slurry into a headbox. For example, the binder material may
be injected into the fiber slurry and precipitated on to the
fibers.

[0080] Inother embodiments, a dry laid process is used. In
a dry laid process, glass fibers are chopped and dispersed
along with fibrillated fibers (e.g., lyocell) in air that is blown
onto a conveyor, and a binder is then applied. Dry laid
processing is typically more suitable for the production of
highly porous media including bundles of glass fibers.
[0081] It should be appreciated that the filter media may
include other parts in addition to the fiber web described
herein. In some embodiments, further processing includes
incorporation of one or more structural features and/or
stiffening elements. For instance, the media may be com-
bined with additional structural features such as polymeric
and/or metallic meshes. In one embodiment, a screen may be
disposed on the filter media upstream and/or downstream,
providing for further stiffness. In some cases, a screen
backing may aid in retaining the pleated configuration. For
example, a screen backing may be an expanded metal wire
or an extruded plastic mesh.

[0082] As previously indicated, the filter media disclosed
herein can be incorporated into a variety of filter elements
for use in various applications including hydraulic and
non-hydraulic filtration applications. Exemplary uses of
hydraulic filters (e.g., high-, medium-, and low-pressure
filters) include mobile and industrial filters. Exemplary uses
of non-hydraulic filters include fuel filters (e.g., automotive
fuel filters), oil filters (e.g., lube oil filters or heavy duty lube
oil filters), chemical processing filters, industrial processing
filters, medical filters (e.g., filters for blood), air filters, and
water filters. In some embodiments, a number of layers of
filter media may be wrapped around an inner substrate (e.g.,
a synthetic or metal core) to form a wrapped filter. For
example, a wrapped filter may include between 5 and 10
layers of filter media wrapped around the inner substrate. In
some cases, filter media described herein can be used as
filter media for coalescing applications (e.g., using a
wrapped filter). For example, such filter media may be used
to remove oil from compressed air, or to remove water from
fuel.

[0083] The filter elements may have the same property
values as those noted above in connection with the filter
media. For example, the above-noted resistance ratios, basis
weight ratios, dust holding capacities, efficiencies, specific
capacities, and fiber diameter ratios between various layers
of the filter media may also be found in filter elements.
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[0084] During use, the filter media mechanically trap
particles on or in the layers as fluid flows through the filter
media. The filter media need not be electrically charged to
enhance trapping of contamination. Thus, in some embodi-
ments, the filter media are not electrically charged. However,
in some embodiments, the filter media may be electrically
charged.

EXAMPLES

[0085] The following examples are intended to illustrate
certain embodiments of the present invention, but are not to
be construed as limiting and do not exemplify the full scope
of the invention.

Examples 1 and 2

[0086] Two examples (examples 1 and 2) of filter media
including a blend of microglass and lyocell fibers were
produced and compared with a conventional filter media
example having no lyocell fibers (conventional). The pro-
cesses of forming the filter media were as follows. In
examples 1 and 2, microglass fibers and lyocell fibers were
stored separately, processed through a pulper and then mixed
together in a wet laid process to form an aqueous-based fiber
slurry. Microglass fibers within the slurry made up 80% by
weight of the fiber web and lyocell fibers within the slurry
made up 20% by weight of the fiber web. The lyocell fibers
had a CSF level of fibrillation of about 270. In the conven-
tional example, no lyocell fibers were added.

[0087] The temperature of the fiber glass slurry was main-
tained to be about room temperature. An acrylic binder was
injected into the slurry prior to flowing the slurry into the
headbox, forming a precipitate on the fibers. The slurry was
subsequently pumped into the headbox. Through the addi-
tion of sulfuric acid, the pH of the slurry was adjusted to
about 3.5. The slurry was collected, dried and formed into a
filter media. Performance characteristics of the filter media
were measured with the Multipass Filter Test using 10
micron particles. From the multipass filter test, the stability
of the beta efficiency ratio of the filter media was measured
over time along with the dust holding capacity. Mechanical
characteristics of the filter media were also assessed, includ-
ing elongation and burst strength, using the elongation and
burst strength tests discussed previously. Properties of the
filter media for Examples 1 and 2 and the conventional glass
fiber filter media are provided in FIGS. 1-4.

[0088] As shown in FIG. 1, the beta efficiency ratio of the
filter media for Examples 1 and 2 was observed to continu-
ally increase over the entire course of the multipass filter
test, indicating the filter media has a high degree of stability
of efficiency. The beta efficiency ratio of the conventional
glass fiber filter media without lyocell, in contrast, was
observed to decrease after 60% of the time period in which
the multipass filter test was administered.

[0089] FIG. 2 illustrates the dust holding capacity of the
filter media measured for Examples 1 and 2 and the con-
ventional glass fiber filter media according to the Multipass
Filter Test. The DHC of the filter media was observed to be
greater for Example 1 (95.3 g/m®) and for Example 2 (86.6
g/m?) than the DHC observed for the conventional glass
fiber filter media without lyocell (59.5 g/m?).

[0090] FIG. 3 illustrates the elongation of the filter media
measured in both the machine direction and the cross-
machine direction. For both Examples 1 and 2, the elonga-
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tion of the filter media in both the machine direction and the
cross-machine direction was observed to be greater than
1.5%. In contrast, the elongation of the conventional glass
fiber filter media without lyocell in both the machine direc-
tion and the cross-machine direction was measured to be less
than 0.5%.

[0091] FIG. 4 depicts the burst strength measured of the
filter media for Examples 1 and 2. The burst strength of the
filter media was measured to be greater than about 30 kPa.
The burst strength of the conventional glass fiber filter media
without lyocell was measured to be about 14 kPa.

Example 3

[0092] Six separate filter media were manufactured as
handsheets where each of the filter media incorporated
lyocell having different levels of fibrillation. The CSF level
of fibrillation for the lyocell of each filter media handsheet
was 45, 240, 270, 600, 660 and 850 (corresponding to a SR
level of fibrillation of 83, 46, 42, 20, 17 and 9, respectively).
A CSF of 850 refers to an unrefined level of fibrillation.

[0093] Microglass fibers and lyocell having a respective
level of fibrillation were mixed together to form aqueous-
based fiber slurries. Microglass fibers made up 80% by
weight of the fibers within each slurry and lyocell fibers
made up 20% by weight of the fibers within each slurry.
Sulfuric acid was added to acidify each slurry. Each fiber
slurry was then drained, collected, formed and dried into a
respective handsheet having lyocell having a particular level
of fibrillation. Each handsheet had a basis weight of 60 g/m?.

[0094] The air permeability of each filter media was
measured for each of the handsheets using the permeability
test described above and recorded as shown in FIG. 5.
Tensile elongation and tensile strength of each filter media
were also assessed for each of the handsheets with the results
shown in FIGS. 6 and 7.

[0095] The air permeability of the handsheet having lyo-
cell fibers with an unrefined level of fibrillation (CSF 850)
was observed to exhibit the greatest air permeability while
the air permeability of the handsheet with lyocell fibers with
the most refined level of fibrillation (CSF 45) was observed
to be the least permeable. Accordingly, handsheets with
lyocell fibers having CSF levels of fibrillation that are above
CSF 45 exhibited generally favorable performance charac-
teristics of air permeability.

[0096] It was observed that the tensile elongation and
tensile strength for handsheets having lyocell fibers with an
unrefined level of fibrillation (CSF 850) was significantly
lower than that measured for handhseets having lyocell
fibers with an increased level of fibrillation. As such, hand-
sheets with lyocell fibers having CSF levels of fibrillation
that were lower than CSF 850 exhibited generally more
beneficial mechanical characteristics, as measured through
tensile strength and tensile elongation. Handsheets with
lyocell fibers having CSF levels of fibrillation that were
between CSF 45 and CSF 850 also exhibited generally more
favorable properties of tensile elongation than that observed
for handsheets having lyocell fibers with fibrillation levels of
CSF 45 and CSF 850. As illustrated, handsheets having
lyocell fibers having CSF levels of fibrillation at CSF 660,
CSF 600, CSF 270 and CSF 240 exhibited a combination of
mechanical properties and air permeability that were more
favorable than handsheets having lyocell fibers fibrillated at
CSF 850 and CSF 45.
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[0097] Having thus described several aspects of at least
one embodiment of this invention, it is to be appreciated
various alterations, modifications, and improvements will
readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of
this disclosure, and are intended to be within the spirit and
scope of the invention. Accordingly, the foregoing descrip-
tion and drawings are by way of example only.

1. (canceled)

2. A filter media comprising:

a fiber web including glass fibers and fibrillated fibers, the
fiber web having a basis weight of between about 10
and about 1000 g/m?2 and a thickness of between about
0.10 mm and about 50.0 mm, wherein the average
Canadian Standard Freeness level of fibrillation of the
lyocell fibers is between 45 and 850.

3. The filter media of claim 2, wherein the average
Canadian Standard Freeness level of fibrillation is between
about 100 and about 600.

4. The filter media of claim 1, wherein the fibrillated fibers
comprise between about 5% and about 60% by weight of the
fiber web.

5. The filter media of claim 4, wherein the fibrillated fibers
comprise between about 5% and about 30% by weight of the
fiber web.

6. The filter media of claim 2, further comprising syn-
thetic fibers other than lyocell.

7. The filter media of claim 2, wherein the glass fibers
comprise between about 40% and about 90% by weight of
the fiber web.

8. The filter media of claim 2, wherein the glass fibers
comprise chopped strand fibers, wherein the chopped strand
fibers comprise less than about 30% by weight of the fiber
web.

9. The filter media of claim 2, wherein the glass fibers
comprise microglass fibers, wherein the microglass fibers
comprise between about 40% and about 90% by weight of
the fiber web.
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10. The filter media of claim 2, wherein the filter media
is pleated.

11. The filter media of claim 2, wherein the filter media is
wrapped around an inner substrate.

12. The filter media of claim 2, wherein the fiber web has
a dust holding capacity of greater than about 50 g/m>.

13. The filter media of claim 2, wherein the fiber web has
a tensile elongation in a cross-machine direction of greater
than about 1%.

14. The filter media of claim 2, wherein the fiber web has
a tensile elongation in a machine direction of greater than
about 0.8%.

15. The filter media of claim 2, wherein the fiber web has
a Schopper burst strength of greater than about 15 kPa.

16. The filter media of claim 2, wherein the fiber web has
atensile strength in a cross-machine direction of greater than
about 3 N/15 mm.

17. The filter media of claim 2, wherein the fiber web has
atensile strength in a machine direction of greater than about
4 N/15 mm.

18. The filter media of claim 2, wherein the fiber web
comprises a beta efficiency ratio of greater than about 100
for particles having an average diameter of greater than
about 1 micron.

19. A filter element comprising the filter media of claim
1.

20. A filter media comprising:

a fiber web including glass fibers and fibrillated fibers,

wherein the fiber web has a beta efficiency ratio of greater
than about 100 for particles having an average diameter
of greater than about 1 micron and the fiber web has a
dust holding capacity of greater than about 50 g/m?.

21. A filter media comprising:

a fiber web including a plurality of glass fibers and a
plurality of fibrillated fibers, wherein the filter media
has a tensile elongation in a cross-machine direction of
greater than about 1%.
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