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FORMED FILTER ELEMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application Ser. No. 60/903,179, ?led Feb. 23, 
2007 and is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to a ?lter element that can be 
used for general ?ltration. One ?ltration application is remov 
ing a liquid or solid particulate from a mobile ?uid and meth 
ods of manufacturing the element. In one embodiment of the 
invention, the ?lter element is used to remove an oily or 
aqueous/oil liquid aerosol or particulate entrained in a gas 
eous or air mobile ?uid. In such an embodiment, the aerosol 
entrained in the ?uid contacts the media, coalesces, and 
drains from the media leaving the mobile ?uid free of the 
entrained liquid aerosol particulate. The liquid accumulates 
in the media and under the effect of gravity, drains from the 
element and can be reserved. 

BACKGROUND OF THE INVENTION 

[0003] Cellulosic, synthetic and mixed cellulosic synthetic 
media in the form of a ?exible paper ?lter have been knoWn 
for many years. Such media layers have been used as is and 
have been combined With other ?lter components to form 
active ?ltration elements. Such elements can be made of a 
variety of macro and micro?bers having a range of ?ber 
lengths and diameters. In large part, these layers are made in 
paper'making machines resulting in a substrate layer typically 
less than 5 millimeters and most often less than 2 millimeters 
in thickness. Such thin ?exible ?lter media have found a 
number of useful applications, hoWever, such layers have 
limits in their applicability. The ability to achieve certain 
?ltration attributes such as pore siZe, basis Weight, thickness, 
permeability and e?iciency are limited by the manufacturing 
techniques used to make the paper layers and by the compo 
nents useful in such layers. 
[0004] Because aerosols, as an example, may be as small as 
1 nm diameter or as large as 1 mm (W. Hinds, Aerosol Tech 
nology: Properties, Behavior, and Measurement of Airborne 
Particles 8, 2'” ed., @ 1999 J. Wiley & Sons), conventional 
technologies are not suitably ?exible to effectively accom 
modate the range of particle siZes in Which aerosols may be 
encountered in air. Further, aerosols may be present in large 
concentrations in the air streams in certain ?ltration applica 
tions. For example, in diesel engine bloW-by or other heavy 
duty motor exhaust or industrial ?ltration applications, it is 
possible to encounter aerosols in concentrations of 700 ppm 
to 20,000 ppm. Such concentrations are not ?ltered With high 
e?iciency using the thin ?lters of the prior art; thus, multiple 
layers are usually employed. 
[0005] Accordingly, a substantial need exists in obtaining 
an improved ?ltration layer having a substantial thickness, a 
de?ned basis Weight, solidity and pore siZe useful for a variety 
of ?ltration processes. One useful technique is to use an 
aqueous slurry based material such as that disclosed in US. 
Ser. No. 11/267,958. Sugiura et al., US. Pat. No. 5,755,963, 
teach a ?lter element comprising micro?bers made from a 
slurry to obtain a density gradient structure useful in oil 
?ltration. Nielsen et al., US. Pat. No. 5,167,765, teach the use 
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of polyester bicomponent ?ber and other ?bers in making 
bonded ?brous Wet laid sheets for ?ltration applications. 

[0006] Filter media have been con?gured in a variety of 
?lter units for many different ?ltration applications. In one 
application, it has been common to remove liquid aerosol 
particulate from a mobile gaseous phase such as air by using 
?lter elements comprising cellulosic and cellulosic/ synthetic 
?ber combinations Wet-laid ?at media that has been corru 
gated and pleated into a useful cylindrical shaped elements of 
different heights and diameters. The use of formed media 
comprised Wholly of glass ?bers and aqueous or solvent 
based resins for the purpose of consolidating the ?bers mass 
and providing strength and structural integrity has been prac 
ticed. Limitations thereof are speci?c to ?ber siZe (approxi 
mately 0.08 to about 4 microns ?ber diameter) and to the fact 
that a secondary process to apply the resin is necessary to 
consolidate the ?lter media and provide structural integrity 
for the performance and survivability of the element in such 
demanding applications. Further, these ?lter media suffer 
from resin migration during the ?lter media life, Which in turn 
causes a loss of porosity. In use, this loss of porosity is 
evidenced by increased pressure drop across the ?lter, clog 
ging of pores, and cracking of the ?lter, thus leading to early 
?lter failure. Further, these ?lter media are brittle and may 
shatter under challenging conditions, leading to catastrophic 
failure. Finally, the above ?lter making technique has a prac 
tical limit of about 5.0 mm thickness, such that the ability to 
make thicker media for use With different aerosols or adap 
tation for other ?ltration applications is not provided. Never 
theless, the use of Wet-laid paper-like media is prevalent in the 
application of removing aerosol particulates from airstreams. 
[0007] Some examples of conventional commercially 
available ?ltration media for the separation of aerosols from 
air are products available from the Porous Media Company of 
St. Paul, Minn.; Keltec Technolab of TWinsburg, Ohio; Pro 
Pure Filtration Company of Tapei, TaiWan; Finite® and Bal 
ston® ?lters made by the Parker Hanni?n Corporation of 
May?eld, Ohio; Fai Filtri s.r.l. of Pontirolo Nuovo, Italy; 
Mann+Hummel Group of LudWigsburg, Germany; and PSI 
Global Ltd. Of BoWburn Durham, United Kingdom. 
[0008] A substantial need exists to provide a ?lter medium 
having improved e?iciency of removal of the liquid aerosol 
from the air stream and reduced pressure drop, and acceptable 
basis Weight and void volume Which leads to an increased 
useful lifetime in application conditions. A substantial need 
exists to simplify the construction of such ?ltration apparatus, 
thereby decreasing the complication and expense of the 
manufacturing processes over those currently used. A sub 
stantial need also exists to provide a ?lter media having 
reduced brittleness that can Withstand challenging conditions 
Without shattering. A substantial need also exists to provide a 
?lter medium that does not undergo resin migration during 
use. A substantial need exists to provide a method of making 
?lter media that is adaptable for other ?ltration applications, 
such as the removal of solid particulates from air or the 
removal of impurities from Water. A substantial need also 
exists for a method of making a ?lter that is adaptable for 
entraining materials such as particles and polymers that in 
turn provide functionality to the ?lter structure. Finally, there 
is a substantial need to provide a method of making ?lter 
media having multiple layers such that each layer has a dif 
ferent structure or composition, eg by varying permeability 
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of the layers or by incorporating particles into a layer. These 
and other advantages are found in the ?ltration media dis 
closed below. 

BRIEF DISCUSSION OF THE INVENTION 

[0009] We have found that a useful ?lter element having a 
thickness of greater than 3 millimeters can be made by com 
bining a bicomponent ?ber and a glass ?ber in a ?lter medium 
or element. A slurry of this combination of ?bers can be used 
to form a layer. Once heated to the correct fusion temperature 
and cured the layer forms a mechanically stable medium. The 
medium can be used in a ?lter element having unique ?ltra 
tion properties unlike those of thin cellulosic or synthetic 
paper layers, or other mist collection systems or other thick 
?brous media. 
[0010] The unique ?lter medium of the invention may have 
a thickness of greater than 3 millimeters, Which may be made 
in one step, and comprises a bicomponent ?ber. Such ?lter 
medium can be manufactured using only bicomponent ?ber, 
but can also contain other materials. Other ?bers may be used, 
most preferably glass ?bers. TWo or more different kinds of 
glass ?bers may be used advantageously in a single ?lter 
medium. Thermoplastic ?bers, binder resins, natural ?bers, 
particulate matter, or other ?ltration components may be 
advantageous to use along With, or instead of glass ?bers 
depending on the application contemplated. Desirable mate 
rials that can add functionality to the ?lters of the invention 
include carbon particles or ?bers, metal particles or ?bers, 
silica or other ceramic particles, ion exchange resins, cata 
lysts, enZymes, and Zeolites. Further, chemical modi?cation 
of the surface of ?bers and/or particles may be employed 
advantageously, for example by reacting glass ?bers With a 
silane coupling agent to modify surface energy either prior to, 
or after, inclusion of the glass ?bers in the ?lters of the present 
invention. Other additive compounds may add functionality, 
such as antistatic or ?ame retardant compounds. 
[0011] The invention may comprise a ?lter unit comprising 
the bicomponent ?ber medium of the invention in combina 
tion With a perforate support that can be formed in a housing 
With other conventional ?ltration components. The perforate 
support may be made from any suitable material, such as 
metal or plastic, depending on the intended application. The 
?lter unit may also comprise end caps, housings, or other 
conventional ?lter unit parts. 
[0012] A method of removing a particulate from a ?uid 
medium can use the steps of introducing the ?uid medium 
having entrained particulate into contact With the ?lter 
medium passing the mobile ?uid through the ?lter medium 
Wherein the particulate is retained by the ?lter medium leav 
ing a puri?ed ?uid exiting the medium. While removal of oily 
aerosol from a stream of air is particularly preferred and 
demonstrated, the skilled artisan Will understand that the 
invention also contemplates ?ltration of particulates from 
liquids such as Water, soot removal from air, and a variety of 
other applications generally knoWn in the art of ?ltration. 
[0013] A method of removing typically a liquid aerosol 
entrained in an air stream is for aerosol particulate to contact 
the ?brous medium, coating the ?brous interior of the 
medium and accumulating on and Within the ?brous interior. 
As the liquid accumulates Within the ?lter, gravity Will cause 
the liquid to drain from the ?lter medium. Such media are 
often used in conjunction With a reservoir into Which the 
liquid drains and can be removed continually or in a batch 
Wise fashion. 
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[0014] Multiple layered ?lters, Wherein each layer has a 
different composition, thickness, or density, may be made 
With ease by employing the methods of the invention. Various 
layers may also contain functional materials. For example, 
one layer may have a greater permeability than another, and a 
different layer may contain activated charcoal. Multiple lay 
ers are achieved With ease by virtue of the ?exibility of the 
process for making the ?lters of the present invention. 
[0015] The unique media of this invention can be used in a 
variety of ?ltration processes including, but not limited to, 
removal of particulate matter from air or other gas phase 
materials such as nitrogen, natural gas, oxygen, and the like; 
particulate removal from a liquid phase material, such as 
Water, hydraulic ?uid, diesel fuel, gasoline, crankcase oil, 
ethanol and the like; removal of ?ne particulates such as 
smoke, exhaust particles, dust, asbestos, silica, clay, Water 
vapor, oil vapor, metal vapor, and the like; removal of non 
particulate impurities such as volatile organic compounds 
(V OCs) from air or Water; or removal of oZone from air. 
[0016] The ?lter media of this invention is particularly use 
ful in separating an entrained liquid aerosol from a mobile air 
phase. The media of the invention has excellent characteris 
tics of removal of oily aerosol, for example, from a ?uid 
stream that is largely made of air and aerosol. Thus, When a 
stream of air having betWeen 2000 and 9000 ppm of oily 
aerosol per ppm of total ?uid, more typically about 7000 ppm 
of oily aerosol per ppm of total ?uid, is passed through the 
?lter at 60 to 100 psi, less than or equal to 2 ppm of the aerosol 
remains in the air stream after ?ltration after a period as long 
as 1000 hours and after 4000 hours is able to remove the 
aerosol leaving less than or equal to 3 ppm or less of the 
aerosol in the mobile air phase after 4000 hours. The media of 
the invention is capable of maintaining a substantially loW 
pressure drop over the lifetime of the media under these same 
conditions, Wherein the lifetime can extend as long as 8000 
hours. The pressure drop over the media during normal oper 
ating conditions as outlined above is less than 2 psi increase 
over 200 hours and is less than 1 psi additionally over a 
subsequent period of 7000 hours. 
[0017] In a preferred embodiment, the ?lter medium of the 
invention has a permeability of about 1 to about 2 CFM, a 
basis Weight of about 2,500 to about 3,000 gram/meter2, a 
preferred thickness of about 8 to about 20 millimeters, and in 
typical ?ltration applications, removes the liquid aerosol 
from the air stream such that little or no aerosol penetrates the 
medium. We have found that less than 20 ppm, often less than 
10 ppm and most often less than 5 ppm of the liquid aerosol 
penetrates the medium under typical operating conditions 
using the media of the invention. 
[0018] We have further found that the media of the inven 
tion has substantially improved burst characteristics. In other 
Words, under the force obtained from the pressure of the air 
?oW through the media, that the media of the invention has the 
ability to Withstand substantially increased pressure force 
during the lifetime of the media than prior structures. The 
strengths of the bicomponent/ glass ?ber media is such that it 
can survive pressure With a burst strength of at least 10 psi, 
more preferably about 25 to about 40 psi When measured 
according to ASTM D774 speci?cations. 

BRIEF DISCUSSION OF THE FIGURES 

[0019] FIG. 1 is a graphical representation of the data of 
Table 6, shoWing a Di-octyl Phthalate (DOP) ef?ciency (at 
10.5 FPM) of experimental ?lter media FM-l and FM-2, 
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described in Example 1, When compared With CONTROL 
?lter media of the present invention. 
[0020] FIGS. 2 through 5 are graphical representations of 
the data shoWn in Tables 7 and 8 of the application. Generally, 
Tables 7 and 8 shoW that When compared to ?lter media made 
by prior art methodology employing aqueous based binder 
resin and glass ?ber, the ?lter medium FM-l of Example 1 
provides substantially improved removal of test oil aerosol 
both initially and as the ?lter medium ages in use, When 
compared to the CONTROL sample of the prior art. Further, 
the ?lter medium of the present invention maintains a sub 
stantially reduced pressure drop over time, produces excel 
lent operating conditions in terms of discharge temperature 
and produces an excellent ?oW rate in cubic feet per minute 
(CFM) over the lifetime of the ?lter medium. 
[0021] FIG. 6 shoWs the tensile strength and elongation at 
break for a ?lter of the present invention When compared to a 
?lter of the prior art. 
[0022] FIGS. 7A through 7F are photomicrographs of a 
vieW from the side or inside of the ?lter media of the present 
invention, further described in the Experimental section as 
FM-l, FM-2, and FM-3 in addition to similar photomicro 
graphs of a ?lter of the prior art having glass ?bers and binder 
resrn. 

[0023] FIGS. 8A and 8B shoW a fully formed functional 
coalescer of the invention. 

DETAILED DISCUSSION OF THE INVENTION 

[0024] The unique ?lter media of the invention typically is 
manufactured employing a Wet laid process. The process 
involves adding bicomponent ?ber to an aqueous media to 
form slurry, forming the slurry into a layer of ?ber, and curing 
and drying the layer to form the ?lter media. Such media can 
be used for general ?ltration purposes, but particularly is 
useful in separating a liquid aerosol from an air stream. 
Bicomponent ?ber is a knoWn material in Which the ?ber 
contains an amount of polymer having a relatively high melt 
ing point and a second amount of a polymer having a rela 
tively loW melting point. In the formation of a layer, the ?ber 
is heated to a temperature such that the loW melting point 
polymer can melt, fuse and bind the layer into a mechanically 
stable, unitary mass. The relatively high melting point poly 
mer component can provide mechanical strength and stability 
to the layer. 
[0025] Glass ?ber is preferably employed along With the 
bicomponent ?ber and may be added along With the bicom 
ponent ?ber in the slurry. The use of glass ?ber in conjunction 
With the bicomponent ?ber provides control over the ?ltration 
properties for certain applications. HoWever, glass ?ber is not 
a requirement for making the ?lters of the invention. Bicom 
ponent ?ber alone may be formed into a ?lter of the invention. 
Additionally, materials such as thermoplastic ?bers, inor 
ganic ?bers, particles, binder resins, or other additives may be 
included in the ?lter making slurry to form a ?lter having 
functionality tailored for the application contemplated. Such 
materials may be included in addition to, or instead of, glass 
?ber. 
[0026] In selecting the bicomponent ?ber, various combi 
nations of polymers may be useful in the present invention, 
but it is important that the ?rst polymer component melt at a 
temperature loWer than the melting temperature of the second 
polymer component and typically beloW 200° C. Further, the 
bicomponent ?bers are integrally mixed and evenly dispersed 
With other materials in the ?lter making slurry. Melting of the 
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?rst polymer component of the bicomponent ?ber is neces 
sary to alloW the bicomponent ?bers to form a tacky skeletal 
structure, Which upon cooling, binds to other bicomponent 
?bers as Well as other ?bers or particles in the formed ?lter 
layer. 
[0027] Bicomponent ?bers having a sheath-core structure 
are particularly useful in making the ?lters of the invention. In 
the sheath-core structure, the loW melting point (e. g., about 80 
to 2000 C.) thermoplastic is typically extruded around a ?ber 
ofthe higher melting (e.g., about 200 to 260° C.) point mate 
rial. In use, the bicomponent ?bers typically have a ?ber 
diameter of about 5 to 50 micrometers often about 10 to 20 
micrometers and typically in a ?ber form generally have a 
length of 0.1 to 20 millimeters or often have a length of about 
0.2 to about 15 millimeters. Any thermoplastic that can have 
an appropriate melting point can be used in the loW melting 
component of the bicomponent ?ber While higher melting 
polymers can be used in the higher melting “core” portion of 
the ?ber. 

[0028] The cross-sectional structure of such ?bers can be, 
as discussed above, the “sheath-core” structure, or other 
structures that provide the same thermal bonding function, 
such as “side-by-side” structures or lobed ?bers Where the 
?ber tips have loWer melting point polymer. The value of the 
bicomponent ?ber is that the relatively loW-temperature melt 
ing resin can melt under sheet, media, or ?lter forming con 
ditions to act to bind the bicomponent ?ber, and other ?bers 
present in the sheet, media, or ?lter making material into a 
mechanically stable sheet, media, or ?lter. Once melted and 
fused to other ?bers or particles in the ?lter media of the 
invention, the stability of the structure is manifested in the 
observation that there is no migration of materials in the ?lter. 
Such migration is typically seen in ?lters made using glass 
?ber and binder resins. 

[0029] Typically, the polymers of the bicomponent ?bers 
are made up of different thermoplastic materials. For 
example, polyole?n/polyester (sheath/core) bicomponent 
?bers may be used, such that the polyole?n, e.g. polyethylene 
sheath, melts at a temperature loWer than the polyester, e.g. 
polyethylene terephthalate core. Typical thermoplastic poly 
mers having useful melting points for use either in a high or 
loW melting portion can include polyole?ns, e.g. polyethyl 
ene, polypropylene, polybutylene, and copolymers thereof, 
polytetra?uoroethylene, polyesters, e.g. polyethylene tereph 
thalate, polyvinyl acetate, polyvinyl chloride acetate, polyvi 
nyl butyral, acrylic resins, e.g. polyacrylate, and polymethy 
lacrylate, polymethylmethacrylate, polyamides, namely 
nylon, polyvinyl chloride, polyvinylidene chloride, polysty 
rene, polyvinyl alcohol, polyurethanes, cellulosic resins, 
namely cellulosic nitrate, cellulosic acetate, cellulosic acetate 
butyrate, ethyl cellulose, etc., copolymers of any of the above 
materials, eg ethylene-vinyl acetate copolymers, ethylene 
acrylic acid copolymers, styrene-butadiene block copoly 
mers, KRATON® rubbers available from Kraton Polymers 
US. LLC of Houston, Tex., and the like. 
[0030] Particularly preferred in the present invention is a 
bicomponent ?ber knoWn as Advansa 271P, a 14 micrometer 
diameter ?ber available from EXSA Americas, NeW York, 
NY. Otheruseful ?bers include FIT 201 (available from Fiber 
Innovation Technology, Inc. of Johnson City, Tenn.), Kuraray 
N720 (available from the Kuraray Co., Ltd. of Osaka, Japan) 
and similar commercially available materials. All of these 
commercially available bicomponent ?bers can facilitate the 
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cross-linking of a ?lter construction of the current invention 
by melting and fusing a sheath polymer to other ?bers of the 
?lter construction. 

[0031] Selection of melting points for the portion of the 
bicomponent ?ber that melts and fuses to bind the layer 
mechanically is important. In any ?ltration application, the 
mobile ?uid Will have an operating temperature. Mobile ?u 
ids of a high operating temperature such as lubricant oil, 
hydraulic ?uid, etc. must be used With a ?ltration medium 
having ?bers With a thermal characteristic such that the mate 
rial does not melt at operating temperatures. The ?lter 
medium made using glass ?ber and bicomponent ?ber tends 
to be relatively temperature stable due to the presence of a 
relatively large mass of glass and polymer. HoWever, rela 
tively little experimentation is needed to determine the tem 
perature at Which the loWer temperature polymer might ini 
tiate failure of the medium When exposed to high temperature 
mobile ?uids in the ?ltration operation. The bicomponent 
?ber can then be selected in order to obtain a dimensionally 
and mechanically stable ?ltration medium in the presence of 
the target ?uid temperature. 
[0032] The preferred glass ?ber used in media of the 
present invention include glass types knoWn to those skilled 
in the art by their designations: A, C, D, E, Zero Boron E, 
ECR, AR, R, S, S-2, N, and the like. Generally, the skilled 
artisan Will recogniZe that any glass that can be made into 
?bers either by draWing processes used for making reinforce 
ment ?bers or by spinning processes used for making thermal 
insulation ?bers. Such ?bers are typically about 0.1 to 50 
micrometers (pm) in diameter, more typically about 0.2 to 20 
pm, and have aspect ratio of about 10 to 10,000. These com 
mercially available ?bers can be siZed With a siZing coating or 
can be unsiZed. Such coatings cause the otherWise ionically 
neutral glass ?bers to form and remain in bundles. Glass ?ber 
in diameter less than about 1.0 micron is not siZed. Large 
diameter chopped glass is typically siZed. The siZing compo 
sition and cationic antistatic agent eliminates ?ber agglom 
eration and permits a uniform dispersion of the glass ?bers 
upon agitation of the dispersion in the tank. 
[0033] The typical amount of glass ?bers for effective dis 
persion in the glass slurry is betWeen about 5% to about 80%, 
more preferably about 50 to about 80%, by Weight of the 
solids in the dispersion. Blends of glass ?bers can substan 
tially aid in improving permeability of the materials. We have 
found that a useful ?ltration medium can be made by com 
bining bicomponent ?ber and glass ?ber. Such media, 
depending on glass content and glass ?ber siZe can obtain 
permeability, ef?ciency, and ?lter lifetime su?icient for a 
number of applications. In applications involving removal of 
a liquid aerosol from a mobile air stream, a medium compris 
ing a bicomponent ?ber in combination With a relatively 
larger glass ?ber With a relatively smaller glass ?ber can 
obtain a useful and highly active ?ltration media. Such media 
contains a glass ?ber that contains a substantial proportion of 
a glass ?ber having a diameter of greater than about 1 micron 
and a substantial amount of a glass ?ber having a ?ber diam 
eter of less than 1.0 micron. 

[0034] The combination of bicomponent ?ber and glass 
?ber can be formed into a useful layer Which can be fused by 
heat into a mechanically stable useful ?lter medium. While no 
additional binder in the form of ?ber or resin is generally 
needed for such structures, this invention contemplates the 
use of additional binder materials When needed for a speci?c 
application. Binder resins can comprise Water-soluble, sol 
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vent borne, or latex based materials. Binder materials may be 
provided in dry form, in a solvent, or in an aqueous disper 
sion. Such useful polymer materials include acrylic poly 
mers, ethylene vinyl acetate polymers, ethylene vinyl poly 
vinyl alcohol, ethylene vinyl alcohol polymers, polyvinyl 
pyrrolidone polymers, and natural gums and resins useful in 
aqueous solution. 

[0035] Latex-based binders may also be used to bind 
together the ?lter media of the present invention. Latex bind 
ers can be selected from various latex adhesives knoWn in the 
art. The skilled artisan can select the particular latex adhesive 
depending upon the type of ?bers that are to be bound. The 
latex adhesive may be applied by knoWn techniques such as 
spraying or foaming. Generally, latex adhesives having from 
15 to 25% solids are used. The dispersion can be made by 
dispersing the ?bers and then adding the binder material or 
dispersing the binder material and then adding the ?bers. The 
dispersion can, also, be made by combining a dispersion of 
?bers With a dispersion of the binder material. The concen 
tration of total ?bers in the dispersion can range from 0.01 to 
5 or 0.005 to 2 Weight percent based on the total Weight of the 
dispersion. The concentration of binder material in the dis 
persion can range from 10 to 50 Weight percent based on the 
total Weight of the ?bers. 
[0036] Alternatively, a binder resin may be delivered from 
a solvent other than Water. Solvent borne binders may be 
advantageous Where a particular resin cannot be delivered 
from Water, but the properties of the resin are highly desirable. 
Solvent delivery is also necessary Where the polymer is reac 
tive toWard Water, and the reaction should be prevented prior 
to contact With the ?lter ?bers. Non-limiting examples of 
suitable solvents for delivery of binder resins include acetone, 
methyl ethyl ketone, methyl isobutyl ketone, toluene, metha 
nol, ethanol, isopropanol, methylene chloride, dichlo 
romethane, hexane, cyclohexane, tetrahydrofuran, diethyl 
ether, mixtures thereof and mixtures With Water, and the like. 
Polymers that are usefully delivered from Water can include, 
but are not limited to, phenolic resins, polyvinyl acetate, 
polyvinyl alcohol, acrylic resins, methacrylic resins, polyure 
thanes, cyanoacrylates, epoxies, melamine resins, and poly 
caprolactones. 
[0037] Useful examples of commercially available solvent 
borne binders include phenolic resins available from Dynea 
of Helsinki, Finland, and Ashland, Inc. of Covington, Ky., 
among others; polyvinyl acetate available from Rohm & Haas 
Company of Philadelphia, Pa., H.B. Fuller Company of Vad 
nais Heights, Minn., and Air Products and Chemicals, Inc. of 
AllentoWn, Pa., among others; polyvinyl alcohol available 
from Rohm & Haas, DoW Chemical Co. of Midland, Mich., 
Reichhold, Inc. of Research Triangle Park, NC, and Hexion 
Specialty Chemicals of Columbus, Ohio, among others; 
acrylic resins available from Rohm & Haas Company of 
Philadelphia, Pa., H.B. Fuller Company ofVadnais Heights, 
Minn., and Air Products and Chemicals, Inc. of AllentoWn, 
Pa., among others; methacrylic resins available from Ciba 
Specialty Chemicals (Araldite® resins) of TarrytoWn, N.Y., 
DoW Chemical Co. of Midland, Mich., Hexion Specialty 
Chemicals of Columbus, Ohio, and Reichhold, Inc. of 
Research Triangle Park, NC, among others; polyurethanes 
available from DoW Chemical Co. of Midland, Mich. and 
Ciba Specialty Chemicals of TarrytoWn, N.Y., among others; 
cyanoacrylates available from Henkel Loctite of Rocky Hill, 
Conn.; epoxies available from DoW Chemical Co. of Mid 
land, Mich., Hexion Specialty Chemicals of Columbus, Ohio, 
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and Ciba Specialty Chemicals of TarrytoWn, N.Y., among 
others; melamine resins available from Ciba Specialty 
Chemicals of TarrytoWn, N.Y., Cytec Industries, Inc. 
(Cymel®) of West Paterson, N.J., and Hexion Specialty 
Chemicals of Columbus, Ohio, among others; and polycapro 
lactones available from Solvay America Inc. (Capa®) of 
Houston, Tex. 
[0038] Binder resins such as those described above can be 
used to help bond such media ?bers into a mechanically stable 
?lter medium. Such thermoplastic binder resin materials can 
be used as a dry poWder or solvent system, but are typically 
aqueous dispersions (a latex or one of a number of lattices) of 
vinyl thermoplastic resins. A resinous binder component is 
not necessary to obtain adequate strength for the ?lter con 
struction of this invention, but can be used to help bond 
thermoplastic ?bers into the ?lter media matrix. Resin used as 
binder can be in the form of Water soluble or dispersible 
polymer added directly to the ?lter-making dispersion or in 
the form of thermoplastic binder ?bers of the resin material 
intermingled With other ?bers of the ?lter making slurry to be 
activated as a binder by heat applied after the ?lter media is 
formed. 

[0039] Media ?bers may also be incorporated into the ?lter 
media of the present invention. Media ?bers are ?bers that can 
aid in ?ltration or in forming a structural media layer. Such 
?ber may be made from a number of hydrophilic, hydropho 
bic, oleophilic, and oleophobic materials. Media ?bers may 
be present With or Without glass ?bers in the ?lter media of the 
present invention. When needed, these ?bers cooperate With 
the bicomponent ?ber and any other components present in 
the slurry to form a mechanically stable, but strong, perme 
able ?ltration media that can Withstand the mechanical stress 
of the passage of ?uid materials and can maintain the loading 
of particulate during use. Such ?bers are typically monocom 
ponent ?bers With a diameter that can range from about 0.1 to 
about 50 micrometers and can be made from a variety of 
materials including naturally occurring cotton, linen, Wool, 
various cellulosic and proteinaceous natural ?bers, synthetic 
?bers including rayon, acrylic, aramid nylon, polyole?n, 
polyester ?bers. 
[0040] One type of media ?ber is a binder ?ber that coop 
erates With other components to bind the materials into a 
sheet. Another type a structural ?ber cooperates With other 
components to increase the tensile and burst strength the 
materials in dry and Wet conditions. Yet another type of media 
?ber is one that enhances the entrapment of speci?c compo 
nents during ?ltration of the ?uid stream. 

[0041] Useful media ?ber materials include, but are not 
limited to, polyester ?bers, polyamide ?bers, aramid ?bers, 
polypropylene ?bers, copolyetherester ?bers, polyethylene 
terephthalate ?bers, polybutylene terephthalate ?bers, 
polypropylene ?bers, polyethylene ?bers, polyvinyl acetate 
?bers, polyvinyl alcohol ?bers (including various hydrolysis 
of polyvinyl alcohol such as 88% hydrolyZed, 95% hydro 
lyZed, 98% hydrolyZed and 99.5% hydrolyZed polymers), 
polylactic acid ?bers, polyetherketoneketone (PEKK) ?bers, 
polyetheretherketone (PEEK) ?bers, liquid crystalline poly 
mer (LCP) ?bers, and mixtures thereof. Polyamide ?bers 
include, but are not limited to, nylon 6, 66, ll, 12, 612, and 
high temperature “nylons” (such as nylon 46). Further, cellu 
losic ?bers such as cotton, viscose rayon, and other common 
?ber types may be used in some embodiments of the current 
invention. The thermoplastic ?bers are generally ?ne (about 
0.5-20 denier diameter), short (about 0.1-5 cm long), staple 
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?bers, possibly containing precompounded conventional 
additives, such as antioxidant, stabiliZers, lubricants, tough 
eners, etc. In addition, the thermoplastic ?bers may be surface 
treated With a dispersing aid. The preferred thermoplastic 
?bers are polyamide and polyethylene terephthalate ?bers, 
With the most preferred being polyethylene terephthalate 
?bers. 

[0042] Media ?bers can also include inorganic ?bers such 
as carbon/ graphite ?ber, metal ?ber, metal oxide ?ber, 
ceramic ?ber, and combinations thereof. 
[0043] The ?lter media of the present invention also con 
templates the use of functional materials for speci?c ?ltration 
needs. Functional materials may be particulates of silica, clay, 
carbon, poWdered metals or metal oxides; glass micro 
spheres, ceramics, thermoplastic or thermoset resin particles 
or ?bers; catalysts such as Hopcalite type air puri?cation 
catalysts, e.g. Carulite® Catalyst available from the Carus 
Corporation of Peru, Ill.; or other structures such as carbon 
nanotubes, Zeolites, enZymes that are free or bound to poly 
meric backbones, or ion exchange resins. Any material 
capable of being entrained in the ?lter making slurry may be 
used, Where a speci?c application may require the use of a 
specialiZed ?ltration component. 
[0044] The ?lter media of the present invention also con 
templates the use of ?ber treatments to modify the surface 
properties of the ?bers or affect the bulk properties of the ?lter 
media. Surface properties of glass ?bers, bicomponent ?bers, 
or other materials present in the ?lter media may be modi?ed. 
Acidic or basic compounds may be added to the slurry; reac 
tive materials that affect the hydrophobicity or hydrophilicity 
may be employed either in the slurry or by a post-treatment 
after fusing the bicomponent ?bers; ?ame retardants may be 
entrained; surface ?nish chemicals may be used; or antistatic 
agents may be employed. For example, hexamethyl disila 
Zane (HMDZ) may be sprayed onto the formed ?lter or added 
by dipping the formed ?lter in a solution of HMDZ; HMDZ 
can react with eg glass ?bers to provide a surface having 
trimethylsilyl functionality, thereby rendering the glass sur 
face hydrophobic. Other agents may be employed to affect 
surface energy of the ?bers in the ?lter media of the present 
invention. 

[0045] The media of the invention can be made using any 
system that can accumulate the ?ber into a thick layer. The 
media of the invention can be made into any shape that can be 
formed using the ?bers of the invention. Useful forms of such 
a layer are ?at media, cylindrical media, and the like. 
[0046] The technologies used in media making are typi 
cally related to papermaking processes adapted to thicker 
layers. The skilled artisan Will appreciate that papermaking 
processes knoWn as Wet laid processes are particularly useful 
and many of the ?ber components are designed for aqueous 
dispersion processing. The machines that can be used in Wet 
laid sheet making include hand laid sheet equipment, Four 
drinier papermaking machines, cylindrical papermaking 
machines, inclined papermaking machines, combination 
papermaking machines and other machines that can take a 
properly mixed slurry of components, form a layer or layers 
of the components of the needed thickness, and remove the 
?uid aqueous components to form a Wet sheet. Wet-laid 
manufacturing of the media/ elements of the present invention 
typically comprises the folloWing steps: 

[0047] liWeighing ?bers to the speci?ed recipe and 
proportions. 


















