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FILTER STRUCTURE WITH TWO OR MORE LAYERS OF

FINE FIBER HAVING EXTENDED USEFUL SERVICE LIFE

This application is being filed as a PCT International Patent Application in

the name of Donaldson Company, Inc., a U.S. national corporation and resident, on

21 August 2001, designating all countries except the and claiming priority to

U.S. Serial No. 60/230,138 filed 05 September 2000 and U.S. Serial No. 09/871,156

filed 31 May 2001.

Field of the Invention

This disclosure relates to unique filter constructions for filtering fluids

including gaseous or liquid streams. In particular, a unique arrangement of filter

components is disclosed that can provide substantially increased lifetime for a filter

construction while maintaining or improving filter efficiency. Such filters typically

comprise fine fiber, a porous substrate layer that can be used in combination with a

variety of supports, housings, hardware and other components in a filter structure. A

fluid stream passes through the filter to remove unwanted materials such as a

particulate material. As the streams pass through the filter, particulates that can be

in the form of liquids, solids and mixtures thereof are removed from the mobile fluid

streams.

Background of the Invention

In the practice of filtration technology, a fluid stream is typically passed

through a filter structure for the purpose of removing a particulate from the stream.

Any filter element will be able to remove some proportion of the particulate from

the stream during the lifetime of the filter. Filter efficiencies are typically defined as

the proportion of the particulate, entrained in the mobile fluid phase, removed by the

filter. Filter lifetime is typically considered to be related to the period of time that

the pressure drop across the filter remains below a certain predetermined level to

permit acceptable operating parameters for the filter and operating equipment. A

filter must obtain a sufficient removal efficiency while maintaining a sufficiently

low pressure drop to obtain useful performance. A high pressure drop is

characteristic of poor operating efficiency for the equipment using the filter.

As is true in many technologies, substantial trade-offs arise in any

embodiment of a successful technology. Very often as efficiency increases, pressure
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drop also increases and lifetime often is substantially reduced. For reasons that are

not entirely well defined, the pressure drop across any filter can increase

substantially during operations. Filtering streams containing substantial proportions

of mist or fog, inorganic aerosol, organic aerosol formed from oils, fats, carbon or

other sources, or mixed aqueous inorganic organic aerosol structures often results in

reduced useful life. The tightly interlocked nature of efficient fine fiber layers can

cause increased pressure drop across the fine fiber layer will substantially and

rapidly increase when contacted with such a fluid particulate stream. While these

filters are excellent in initial operation, the filter lifetime, not efficiency is often a

problem. The filters are adequate for the task but must be replaced. In view of the

rapidity that such structures can increase in pressure drop, i.e. have substantially

reduced service lifetimes, improvements to such filters are needed.

As is typical in any technological application, the improvement of both filter

efficiency and lifetime is a long sought goal for filter manufacturers. In view of this,

substantial need exists in the art for filter technology and structures that can obtain

increased filter lifetime while maintaining or improving filter efficiency.

Brief Description of the Invention

We have found that a substantially improved filter media, filter structure, and

filtration process can be obtained by using a filter media having a controlled amount

of fine fiber in two or more layers in a media substrate or structure. By forming the

fiber in reduced amounts in two or more layers filter efficiency can be maintained or

increased while lifetime can be increased. In a preferred embodiment, a first layer

of fine fiber is placed on an upstream surface of the substrate, then a second layer is

formed as a second surface typically downstream. The efficiency of the upstream

and the downstream layers can be intentionally selected to be different. The

downstream layer can have an efficiency greater than the upstream layer. The layers

are placed such that the filtered fluid passes through two layers. The media can be

formed into a filter structure in a variety of filter structure geometries and formats.

The double sided layer of fine fiber maintains or increases the efficiency of filtration

but substantially increases the lifetime of the filter. We have surprisingly found that

by placing an amount of fine fiber that results in an efficiency less than about 

in a first layer on a side ofa substrate combined with one or more second layers, in a

filter structure, obtains a filter having greater than 90% overall efficiency and
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extended lifetime. We have found that by placing an amount of fine fiber in any one

layer that ranges from about 50% to less than about 90% efficiency provides these

unique advantages, preferably we have found that the amount of fine fiber placed on

the substrate should range from about 65% to about 85% efficiency.

We believe one mechanism by which the fine fiber layer obtains a

substantially increased pressure drop results from the "filming over" phenomenon.

As filtered particulate materials interact with the fine fiber and become trapped in

the fine fiber mesh or web, the particulates, particularly if they are low volatility

liquids, can form a liquid film completely filling an opening pore or space in the fine

fiber mesh. As these areas in the mesh are filled with fluid, the pressure across the

filter rapidly increases. The filming over property can also result from interaction

between particulates and the fine fiber but simply results from the filling of the

unoccupied space within the fiber web causing pressure increase. Having a layer on

the downstream side that is greater in efficiency than the upstream side, by more

than 3% preferably 5% or more, increases overall efficiency but does not reduce

lifetime because the upstream layer and the substrate remove entrained particulate

and reduce the tendency of the downstream fine fiber to plugging.

The invention relates to polymeric compositions in the form of fine fiber

such as microfibers, nanofibers, in the form of fiber webs, or fibrous mats used in a

unique improved filter structure. The polymeric materials of the invention comprise

a composition that has physical properties that provide improved efficiency and

service lifetime in the unique filter structure. The polymeric materials of the

invention are compositions that have physical properties that can also permit the

polymeric material, in a variety of physical shapes or forms, to have resistance to the

degradative effects of humidity, heat, air flow, chemicals and mechanical stress or

impact while maintaining effective filtration during use.

In typical applications, fine fiber is placed on the substrate, the fine fiber

layer comprises a fine fiber having a diameter of about 0.0001 to 5 microns,

preferably about 0.0001 to about 0.5 micron, most preferably about 0.001 to about

0.3 micron formned in a layer that has a layer thickness of less than about 5 microns,

preferably about 0.1 to 3 microns, often from about 0.5 to about 2 microns. Each

fine fiber layer comprises an interlocking randomly oriented mesh of fibers that

results in a mesh having a relatively broad distribution of pore size openings. For

the purpose of this patent application, the term "pore" refers to a passage or opening
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in the web through the fine fiber layer that is formed from a periphery of 2 or more

fine fibers. The pore can result from the intermingling of a variety or large number

of fine fibers creating or forming openings of a size that can be effective in traping

particulate materials. While any fine fiber layer can have openings of a variety of

sizes, the fine fiber layers of the invention have a substantial number of pores of a

size that range from very small, i.e. about 0.001 to about 5 microns, but often range

between about 0.5 and 3 microns for effective filtering. Preferably, in the structures

of the invention, the pores are formed with openings having a open pore size less

than 3 microns, often less than 1 micron in the form of an interlocking mesh having

openings in which a major dimension of the opening is less than the diameter of the

particle typically removed from the fluid passing through the filter. We have found

that the tendency of fine fiber layers to obtain an increased pressure drop or to film

over can be minimized by reducing the fine fiber coverage on opposite sides of a

substrate layer. By placing a reduced amount of fine fiber on both sides of the

substrate, the tendency of the fine fiber layers to have smaller easily closed pores as

a result of filtering operations with liquid substances is substantially reduced. We

believe this reduction results from a somewhat larger pore size in the reduced layer

structure, however, the reduced increase in pressure can also result from reduced

surface area of the fiber layer. In other words, for example, an improved filter

structure can be manufactured by modifying a filter structure having a single fine

fiber layer on one side of a substrate displaying an average efficiency of about 

into a filter structure having two fiber layers that have an efficiency of less than

While the first single layer fiber structure will permit about 10% of the

particulate (90% efficient) to pass through the layer, a single efficient layer will have

an enhanced tendency to experience quick pressure drop increase. By forming two

layers having an efficiency of about, for example, 75%, a filter having an overall

efficiency of about 87.5% can result with substantially reduced tendency to an

increased pressure drop because of the reduced amount of fiber in the fine fiber

layer.

The combination of two layers of fine fiber on opposite sides of a planar

media layer, each layer having a reduced efficiency, provides across the entire

layered structure, a substantially high efficiency. Surprisingly, this combination of

two layers of fine fiber on opposite sides of a planar media layer displays an

extended lifetime due to a reduced tendency to plug or film. By distributing the
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filter particulate throughout the layers of the construct, we believe that any undesired

increase in pressure during the lifetime of the filter can be reduced since the filtered

particulate does not reside in a relatively narrow portion of the fine fiber structure.

We believe it is a surprise that the layered structure distributes the fine fiber

throughout the layers, thus substantially improving and extending the time the filter

maintains a pressure drop less than the designed maximum pressure drop. Such a

distribution of fine fiber also distributes.

Filter constructions have obtained a variety of physical formats. Filters have

been developed into planar sheet-like filter barriers, pleated panels, cylindrical or

oval elements, elements formed within cylindrical cartridges, corrugated elements

and others. Each of these filter formats can be constructed and arranged in a variety

of known technologies. Any filter format can be used that results in the filtered

media passing twice through a fine fiber layer.

The media in the filter element or structure can be treated with a fine fiber,

for the purpose of this invention, the term "fine fiber" indicates a fiber having a fiber

size or diameter of 0.0001 to 5 microns or less often 0.001 to 0.5 microns and, in

some instances, substantially submicron diameters. A variety of methods can be

utilized for the manufacture and application of fine fiber to the media. Kahlbaugh et

al., U.S. Patent No. 5,423,892; McLead, U.S. Patent No. 3,878,014; Prentice, U.S.

Patent No. 3,676,242; Lohkamp et al., U.S. Patent No. 3,841,953; and Butin et al.,

U.S. Patent No. 3,849,241; all of which are incorporated by reference herein,

disclose a variety of fine fiber technologies.

The conventional filter construction involves the application of fine fiber to

the substrate in a single layer in a substantially complete coverage of the media.

Sufficient fine fiber is typically used in the fine fiber layer such that the resulting

media construction has an initial efficiency of greater than 50%, preferably greater

than 80% (on an average basis) with no individual construction having an efficiency

less than 30% (the efficiency test is ASTM 1215 89 using monodisperse 0.78 micron

polystyrene latex particulate at 20 ft-min'). For conventional filters, efficiencies

less than about 30% on the average or for any particular filter is typically considered

unacceptable since such a filter would pass a substantial proportion of the impinging

particulate in the mobile fluid phase. Such an amount of particulate, in an engine

application, in a gas turbine application or other such applications would pass
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substantially more particulate to the working parts of the mechanism such that

substantial wear or failure of the mechanical device could result.

For the purpose of this patent application, the term "media" refers to a woven

or non-woven sheet like substrate, having a thickness of about 0.1 to 5 millimeters

and an efficiency of about 5% to 80% often 20% to 80%, made from a natural or

synthetic fiber such as cellulose, polyester, nylon, polyolefin, etc.

For the purpose of this patent application, the term "fine fiber" refers to a

fiber having a indeterminate length but a width of less than about 5 microns often,

less than about 1 micron, formed into a randomly oriented mesh of fiber in a layer

that substantially covers a surface of the media. We have found that there is a

critical add-on amount of the fine fiber in this application. The fine fiber is placed

onto opposing sides of a sheet like substrate an amount obtaining in a single layer of

fine fiber an efficiency of about 15% to about 80%. Preferred add-on parameters are

as follows:

Dimensions Range

Layer thickness (um) 0.1 to 3

Solidity 5 to 

Density (gm-cm 0.9 to 1.6 (1.2 to 1.4)

Basis wt. (gm-cm) 4.5 x 10-' to 0.00019

Basis wt. (mg-cm-L) 0.00045 to 0.19

Basis wt. (lb.-3000 0.0028 to 1.2

In one embodiment, a reduced amount but useful add-on amount of fine fiber

would be a 0.1 to 1.75 micron thick layer of 5% to 40% solidity fiber layer (95% to

void fraction). In this case the basis weight is 0.00045 to 0.11 mg-cm-2 or

0.0028 to 0.7 lb.-3000 ft-2 (lbs/3000 ft-2 is a textile and paper makers standard unit).

In another embodiment, an add-on amount of fine fiber would a 0.75 to 1.25

micron thick layer of 15% to 25% solidity fiber layer (85% to 75% void fraction) In

this case the basis weight is 0.010 to 0.05 mg-cm 2 or 0.06 to 0.31 lb.-3000 ft 2

In a final embodiment, the upper end of the add-on amount of fine fiber

would be a 1-3 micron thick layer of 10% to 40% solidity fiber layer (90% to 



WO 02/20130 PCT/US01/26045

7
void fraction). In this case the basis weight is 0.009 to 0.2 ming-cm 2 or 0.055 to 1.2

lb.-3000 ft2

For the purpose of this patent application, the term "separate layer" is defined

to mean that in a filter structure having a substantially sheet-like substrate, that a

fluid stream passing through the substrate must first pass through a first fine fiber

layer, the substrate and subsequently pass through a second fine fiber layer. These

layers can have a variety of filter geometry motifs. The fine fiber layers can in

theory be manufactured in one processing step which covers the entirety of both

surfaces of a two sided sheet-like substrate resulting in two separate fine fiber layers

formed in the entirety on opposing sides of the substrate. In most applications, we

envision that a first fine fiber layer will be formed on a substrate side and the

substrate will then be passed again through the fine fiber generating step to form the

second layer.

For the purpose of this patent application, the term "fine fiber layer pore size

or fine fiber web pore size" refers to a space formed between the intermingled fibers

in the fine fiber layer.

Brief Description of the Drawings

FIGURE 1 is a graphical representation of data developed comparing the

efficiency of a conventional filter substrate with a single sided fine fiber filter and a

dual sided fine fiber filter. Briefly, the data demonstrates the substantial efficiency

increase arises in a double-sided fine fiber layer containing filter structure.

FIGURE 2 is a graphical representation of data showing that over a period of

days, using the dual sided fine fiber structure of the invention results in a

substantially reduced percent power loss in a high power turbojet gas turbine

powered system.

FIGURE 3 demonstrates the increase in pressure drop in inches of water

caused by forming of a mineral oil film on a fine fiber single sided filter structure.

The graph demonstrates that the reduced efficiency filter structure has little or no

pressure drop over its tested life while the high efficiency fine fiber layer obtains an

extremely high pressure drop within a very short period of time. Using two reduced

efficiency layers can maintain low pressure while obtaining a combined filter

efficiency.
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FIGURE 4 is a bar chart representation of the time exemplary filter materials

to reach a 10 inch water pressure drop. The test particulate used with the filter

comprises SAE fine silica or a combination of SAE fine silica and a mineral oil.

Under the extreme conditions of combined SAE fine silica and mineral oil, the

highly efficient fine fiber layer reaches an unacceptable pressure drop in less than 

minutes while the less efficient fine fiber layer survives in these difficult test

conditions for a significant period of time. In sharp contrast, the fine fiber layer

exposed only to a silica particulate maintains an acceptable pressure drop for a

significant period of time. The two layer filter can maintain low pressure increase

and acceptable efficiency.

FIGURE 5 similarly shows the effect of a carbon black particulate when

compared to a combination of carbon black particulate and mineral oil. Clearly, a

liquid material that can aid in filming over and plugging the pores in the fine fiber

layer significantly reduces lifetime (reaching a high pressure drop).

FIGURE 6 shows a side view of the structure of the double sided fine fiber

of the invention.

Detailed Description of the Invention

The filter construction of the invention involves a substrate layer having a

first side of the substrate, a reduced amount of a fine fiber layer when compared to

conventional fine fiber layers. The substrate contains on a second side of the

substrate, a second reduced amount of the fine fiber layer. The reduced amounts of

fine fiber layer have corresponding reduced efficiencies. Accordingly, the

efficiency of the fine fiber layers is typically less than about 90% efficient.

However, combining two fine fiber layers increases the overall efficiency of the

filter structure, while the reduced amount of fiber in each layer reduces the tendency

of the layer to substantially increase in pressure drop and increases the useful life of

the filter structure. The reduced amount of the fine fiber in both layers results in a

substantially increased pore size in the fiber layer and a substantially increased

amount of internal volume for passage of the fluid media.
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The fine fiber layers can be made by electrospinning fine fibers using

conventional techniques.

Microfiber or Fine Fiber Polymeric Materials

The invention provides an improved polymeric material. This polymer has

improved physical and chemical stability. The polymer fine fiber are fibers with a

diameter of 0.0001 to 5 microns, 0.001 to 0.5 micron or 0.001 to 0.3 micron. Fibers

with diameter of up to 5 microns (microfiber) or fiber with diameter of up 0.000 1 to

0.3 micron (nanofiber) can be fashioned into useful product formats when

formed onto a substrate). Nanofiber is a fiber with diameter less than 200 nanometer

or 0.2 micron. Microfiber is a fiber with diameter larger than 0.2 micron, but not

larger than 10 microns. This fine fiber can be made in the form of an improved

multi-layer microfiltration media structure. The fine fiber layers of the invention

comprise a random distribution of fine fibers which can be bonded to form an

interlocking net.

The fine fiber is formed on a substrate layer. Filtration performance is

obtained largely as a result of the fine fiber barrier on the substrate blocking the

passage of particulate. Substrate structural properties of stiffness, strength,

pleatability are provided by the substrate to which the fine fiber adhered. The fine

fiber interlocking networks have as important characteristics, fine fibers in the form

of microfibers or nanofibers and relatively small openings, orifices or spaces

between the fibers. Such spaces typically range, between fibers, of less than 

microns, about 0.01 to 5 microns or often about 0.05 to 3 microns, preferably about

0.1 to 2 microns.

The filter products comprise a fine fiber layer formed on a substrate. Fibers

from synthetic, natural sources polyester and cellulose layers) are thin,

appropriate substrate choices. The fine fiber adds less than 5 microns in thickness to

the overall filter structure comprising fine fiber plus substrate. In service, the filters

can stop incident particulate from passing through the fine fiber layer and can attain

substantial surface loadings of trapped particles. The particles comprising dust or

other incident particulates rapidly form a dust cake on the fine fiber surface and

maintains high initial and overall efficiency of particulate removal. Even with

relatively fine contaminants having a particle size of about 0.01 to about 1 micron,

the filter media comprising the fine fiber has a very high dust capacity.
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The polymer materials as disclosed herein have substantially improved

resistance to the undesirable effects of heat, humidity, high flow rates, pore plugging

or filming, reverse pulse cleaning, operational abrasion, submicron particulates,

cleaning of filters in use and other demanding conditions. The improved microfiber

and nanofiber performance is a result of the improved character of the polymeric

materials forming the microfiber or nanofiber. Further, the filter media with the

correct add-on of the fiber layer of the invention using the improved polymeric

materials of the invention provides a number of advantageous features including

higher efficiency, unusual useful life, lower flow restriction, high durability (stress

related or environmentally related) in the presence of abrasive particulates and a

smooth outer surface free of loose fibers or fibrils. The overall structure of the filter

materials provides an overall thinner media allowing improved media area per unit

volume, reduced velocity through the media, improved media efficiency and

reduced flow restrictions.

The fine fiber can be made of a polymer material or a polymer plus additive.

One preferred mode of the invention is a polymer blend comprising a first polymer

and a second, but different polymer (differing in polymer type, molecular weight or

physical property) that is conditioned or treated at elevated temperature. The

polymer blend can be reacted and formed into a single chemical specie or can be

physically combined into a blended composition by an annealing process.

Annealing implies a physical change, like crystallinity, stress relaxation or

orientation. Preferred materials are chemically reacted into a single polymeric

specie such that a Differential Scanning Calorimeter analysis reveals a single

polymeric material. Such a material, when combined with a preferred additive

material, can form a surface coating of the additive on the microfiber that provides

oleophobicity, hydrophobicity or other associated improved stability when contacted

with high temperature, high humidity and difficult operating conditions. The fine

fiber of the class of materials can have a diameter of about 0.01 to 5 microns. Such

microfibers can have a smooth surface comprising a discrete layer of the additive

material or an outer coating of the additive material that is partly solubilized or

alloyed in the polymer surface, or both. Preferred materials for use in the blended

polymeric systems include nylon 6; nylon 66; nylon 6-10; nylon (6-66-610)

copolymers and other linear generally aliphatic nylon compositions. A preferred

nylon copolymer resin (SVP-651) was analyzed for molecular weight by the end
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group titration. Walz and G.B. Taylor, determination of the molecular weight

of nylon, Anal. Chem. Vol. 19, Number 7, pp 448-450 (1947). A number average

molecular weight (Mn) was between 21,500 and 24,800. The composition was

estimated by the phase diagram of melt temperature of three component nylon,

nylon 6 about 45%, nylon 66 about 20% and nylon 610 about 25%. (Page 286,

Nylon Plastics Handbook, Melvin Kohan ed. Hanser Publisher, New York (1995)).

Reported physical properties of SVP 651 resin are:

Property ASTM Method Units Typical Value

Specific Gravity D-792 1.08
Water Absorption D-570 
(24 hr immersion)
Hardness D-240 Shore D 
Melting Point DSC oC(oF) 154 (309)
Tensile Strength D-638 MPa (kpsi) 50 (7.3)

Yield
Elongation at Break D-638 350
Flexural Modulus D-790 MPa (kpsi) 180 (26)
Volume Resistivity D-257 ohm-cm 1012

A polyvinylalcohol having a hydrolysis degree of from 87 to 99.9+% can be

used in such polymer systems. These are preferably cross linked by physical or

chemical agents. These PVOH polymers are most preferably crosslinked and

combined with substantial quantities of the oleophobic and hydrophobic additive

materials.

Another preferred mode of the invention involves a single polymeric

material combined with an additive composition to improve fiber lifetime or

operational properties. The preferred polymers useful in this aspect of the invention

include both condensation polymers and additive polymers such as nylon polymers,

polyvinylidene chloride polymers, polyvinylidene fluoride polymers,

polyvinylalcohol polymers and, in particular, those listed materials when combined

with strongly oleophobic and hydrophobic additives that can result in a microfiber or

nanofiber with the additive materials formed in a coating on the fine fiber surface.

Again, blends of similar polymers such as a blend of similar nylons, similar

polyvinylchloride polymers, blends of polyvinylidene chloride polymers are useful

in this invention. Further, polymeric blends or alloys of differing polymers are also
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contemplated by the invention. In this regard, compatible mixtures of polymers are

useful in forming the microfiber materials of the invention. Additive composition

such a fluoro-surfactant, a nonionic surfactant, low molecular weight resins 

tertiary butylphenol resin having a molecular weight of less than about 3000 can be

used. The resin is characterized by oligomeric bonding between phenol nuclei in the

absence of methylene bridging groups. .The positions of the hydroxyl and the

tertiary butyl group can be randomly positioned around the rings. Bonding between

phenolic nuclei always occurs next to hydroxyl group, not randomly. Similarly, the

polymeric material can be combined with an alcohol soluble non-linear polymerized

resin formed from bis-phenol A. Such material is similar to the tertiary butylphenol

resin described above in that it is formed using oligomeric bonds that directly

connect aromatic ring to aromatic ring in the absence of any bridging groups such as

alkylene or methylene groups.

A particularly preferred material of the invention comprises a microfiber

material having a dimension of about 0.001 to 10 microns. A preferred fiber size

range between 0.05 to 0.5 micron. Depending on end use and pulse cleaner or

cleaning options, the fiber may be selected from 0.01 to 2 microns fiber, from 0.005

to 5 microns fiber or from 0.1 to 10 microns fiber. Such fibers with the preferred

size provide excellent filter activity, ease of back pulse cleaning and other aspects.

The highly preferred polymer systems of the invention have adhering characteristic

such that when contacted with a cellulosic substrate adheres to the substrate with

sufficient strength such that it is securely bonded to the substrate and can resist the

delaminating effects of a reverse pulse cleaning technique and other mechanical

stresses. In such a mode, the polymer material must stay attached to the substrate

while undergoing a pulse clean input that is substantially equal to the typical

filtration conditions except in a reverse direction across the filter structure. Such

adhesion can arise from solvent effects of fiber formation as the fiber is contacted

with the substrate or the post treatment of the fiber on the substrate with heat or

pressure. However, polymer characteristics appear to play an important role in

determining adhesion, such as specific chemical interactions like hydrogen bonding,

contact between polymer and substrate occurring above or below Tg, and the

polymer formulation including additives. Polymers plasticized with solvent or

steam at the time of adhesion can have increased adhesion.
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An important aspect of the invention is the utility of such microfiber or

nanofiber materials formed into a filter structure. In such a structure, the fine fiber

materials of the invention are formed on and adhered to a filter substrate. Natural

fiber and synthetic fiber substrates, like spun bonded fabrics, non-woven fabrics of

synthetic fiber and non-wovens made from the blends of cellulosics, synthetic and

glass fibers, non-woven and woven glass fabrics, plastic screen like materials both

extruded and hole punched, UF and MF membranes of organic polymers can be

used. Sheet-like substrate or cellulosic non-woven web can then be formed into a

filter structure that is placed in a fluid stream including an air stream or liquid stream

for the purpose of removing suspended or entrained particulate from that stream.

The shape and structure of the filter material is up to the design engineer. One

important parameter of the filter elements after formation is its resistance to the

effects of heat, humidity or both. One aspect of the filter media of the invention is a

test of the ability of the filter media to survive immersion in warm water for a

significant period of time. The immersion test can provide valuable information

regarding the ability of the fine fiber to survive hot humid conditions and to survive

the cleaning of the filter element in aqueous solutions that can contain substantial

proportions of strong cleaning surfactants and strong alkalinity materials.

Preferably, the fine fiber materials of the invention can survive immersion in hot

water while retaining at least 50% of the fine fiber formed on the surface of the

substrate as an active filter component. Retention of at least 50% of the fine fiber

can maintain substantial fiber efficiency without loss of filtration capacity or

increased back pressure. Most preferably retaining at least 75%. The thickness of

the typical fine fiber filtration layer ranges from about 0.001 to 5 microns,

preferably 0.01 to 3 microns with a fine fiber basis weight ranging from about 0.01

to 240 micrograms-cm 2 The fine fiber layers formed on the substrate in the

filters of the invention should be substantially uniform in both filtering performance

and fiber location. By substantial uniformity, we mean that the fiber has sufficient

coverage of the substrate to have at least some measurable filtration efficiency

throughout the covered substrate. Adequate filtration can occur with wide variation

in fiber add-on. Accordingly, the fine fiber layers can vary in fiber coverage, basis

weight, layer thickness or other measurement of fiber add-on and still remain well

within the bounds of the invention. Even a relatively small add-on of fine fiber can

add efficiency to the-overall filter structure.
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Fluid streams such as air and gas streams often carry particulate material

therein. The removal of some or all of the particulate material from the fluid stream

is needed. For example, air intake streams to the cabins of motorized vehicles, air in

computer disk drives, HVAC air, clean room ventilation and applications using filter

bags, barrier fabrics, woven materials, air to engines for motorized vehicles, or to

power generation equipment; gas streams directed to gas turbines; and, air streams to

various combustion furnaces, often include particulate material therein. In the case

of cabin air filters it is desirable to remove the particulate matter for comfort of the

passengers and/or for aesthetics. With respect to air and gas intake streams to

engines, gas turbines and combustion furnaces, removal of the particulate material is

needed because particulate can cause substantial damage to the internal workings to

the various mechanisms involved. In other instances, production gases or off gases

from industrial processes or engines may contain particulate material therein.

Before such gases can be, or should be, discharged through various downstream

equipment to the atmosphere, it may be desirable to obtain a substantial removal of

particulate material from those streams.

A general understanding of some of the basic principles and problems of air

filter design can be understood by consideration of the following types of filter

media: surface loading media; and, depth media. Each of these types of media has

been well studied, and each has been widely utilized. Certain principles relating to

them are described, for example, in U.S. Patent Nos. 5,082,476; 5,238,474; and

5,364,456. The complete disclosures of these three patents are incorporated herein

by reference.

The "lifetime" of a filter is typically defined according to a selected limiting

pressure drop across the filter. The pressure buildup across the filter defines the

lifetime at a defined level for that application or design. Since this buildup of

pressure is a result of load, for systems of equal efficiency a longer life is typically

directly associated with higher capacity. Efficiency is the propensity of the media to

trap, rather than pass, particulates. Typically the more efficient a filter media is at

removing particulates from a gas flow stream, in general, the more rapidly the filter

media will approach the "lifetime" pressure differential (assuming other variables to

be held constant). In this application the term "unchanged for filtration purposes"

refers to maintaining sufficient efficiency to remove particulate from the fluid

stream as is necessary for the selected application.
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Polymeric materials have been fabricated in non-woven and woven fabrics,

fibers and microfibers. The polymeric material provides the physical properties

required for product stability. These materials should not change significantly in

dimension, suffer reduced molecular weight, become less flexible or subject to stress

cracking or physically deteriorate in the presence of sunlight, humidity, high

temperatures or other negative environmental effects. The invention relates to an

improved polymeric material that can maintain physical properties in the face of

incident electromagnetic radiation such as environmental light, heat, humidity and

other physical challenges.

Polymer materials that can be used in the polymeric compositions of the

invention include both addition polymer and condensation polymer materials such as

polyolefin, polyacetal, polyamide, polyester, cellulose ether and ester, polyalkylene

sulfide, polyarylene oxide, polysulfone, modified polysulfone polymers and

mixtures thereof. Preferred materials that fall within these generic classes include

polyethylene, polypropylene, poly(vinylchloride), polymethylmethacrylate (and

other acrylic resins), polystyrene, and copolymers thereof (including ABA type

block copolymers), poly(vinylidene fluoride), poly(vinylidene chloride),

polyvinylalcohol in various degrees of hydrolysis (87% to 99.5%) in crosslinked and

non-crosslinked forms. Preferred addition polymers tend to be glassy (a Tg greater

than room temperature). This is the case for polyvinylchloride and

polymethylmethacrylate, polystyrene polymer compositions or alloys or low in

crystallinity for polyvinylidene fluoride and polyvinylalcohol materials. One class

of polyamide condensation polymers are nylon materials. The term "nylon" is a

generic name for all long chain synthetic polyamides. Typically, nylon

nomenclature includes a series of numbers such as in nylon-6,6 which indicates that

the starting materials are a C6 diamine and a C6 diacid (the first digit indicating a C6

diamine and the second digit indicating a C6 dicarboxylic acid compound). Another

nylon can be made by the polycondensation of epsilon (C6 caprolactam (or other C6.

12 lactams) in the presence of a small amount of water. This reaction forms a nylon-

6 (made from a cyclic lactam also known as episilon-aminocaproic acid) that is a

linear polyamide. Further, nylon copolymers are also contemplated. Copolymers

can be made by combining various diamine compounds, various diacid compounds

and various cyclic lactam structures in a reaction mixture and then forming the nylon

with randomly positioned monomeric materials in a polyamide structure. For
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example, a nylon 6,6-6,10 material is a nylon manufactured from hexamethylene

diamine and a Cs and a Clo blend of diacids. A nylon 6-6,6-6,10 is a nylon

manufactured by copolymerization of epsilonaminocaproic acid, hexamethylene

diamine and a blend of a C6 and a CIo diacid material.

Block copolymers are also useful in the process of this invention. With such

copolymers the choice of solvent swelling agent is important. The selected solvent

is such that both blocks were soluble in the solvent. One example is a ABA

(styrene-EP-styrene) or AB (styrene-EP) polymer in methylene chloride solvent. If

one component is not soluble in the solvent, it will form a gel. Examples of such

block copolymers are Kraton® type ofpoly(styrene-co-butadiene and poly(styrene-

co-hydrogenated butadiene(ethylene-co-propylene), Pebax® type of e-caprolactam-

co-ethylene oxide, Sympatex® polyester-co-ethylene oxide and polyurethanes of

ethylene oxide and isocyanates.

Addition polymers like polyvinylidene fluoride, syndiotactic polystyrene,

copolymer ofvinylidene fluoride and hexafluoropropylene, polyvinyl alcohol,

polyvinyl acetate, amorphous addition polymers, such as poly(acrylonitrile) and its

copolymers with acrylic acid and methacrylates, polystyrene, poly(vinyl chloride)

and its various copolymers, poly(methyl methacrylate) and its various copolymers,

can be solution spun with relative ease because they are soluble at low pressures and

temperatures. However, highly crystalline polymer like polyethylene and

polypropylene require high temperature, high pressure solvent if they are to be

solution spun. Therefore, solution spinning of the polyethylene and polypropylene

is very difficult. Electrostatic solution spinning is one method of making nanofibers

and microfiber.

We have also found a substantial advantage to forming polymeric

compositions comprising two or more polymeric materials in polymer admixture,

alloy format or in a crosslinked chemically bonded structure. We believe such

polymer compositions improve physical properties by changing polymer attributes

such as improving polymer chain flexibility or chain mobility, increasing overall

molecular weight and providing reinforcement through the formation of networks of

polymeric materials.

In one embodiment of this concept, two related polymer materials can be

blended for beneficial properties. For example, a high molecular weight

polyvinylchloride can be blended with a low molecular weight polyvinylchloride.
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Similarly, a high molecular weight nylon material can be blended with a low

molecular weight nylon material. Further, differing species of a general polymeric

genus can be blended. For example, a high molecular weight styrene material can

be blended with a low molecular weight, high impact polystyrene. A Nylon-6

material can be blended with a nylon copolymer such as a Nylon-6; 6,6; 6,10

copolymer. Further, a polyvinylalcohol having a low degree of hydrolysis such as a

87% hydrolyzed polyvinylalcohol can be blended with a fully or superhydrolyzed

polyvinylalcohol having a degree of hydrolysis between 98 and 99.9% and higher.

All of these materials in admixture can be crosslinked using appropriate crosslinking

mechanisms. Nylons can be crosslinked using crosslinking agents that are reactive

with the nitrogen atom in the amide linkage. Polyvinylalcohol materials can be

crosslinked using hydroxyl reactive materials such as monoaldehydes, such as

formaldehyde, ureas, melamine-formaldehyde resin and its analogues, boric acids

and other inorganic compounds. dialdehydes, diacids, urethanes, epoxies and other

known crosslinking agents. Crosslinking technology is a well known and

understood phenomenon in which a crosslinking reagent reacts and forms covalent

bonds between polymer chains to substantially improve molecular weight, chemical

resistance, overall strength and resistance to mechanical degradation.

We have found that additive materials can significantly improve the

properties of the polymer materials in the form of a fine fiber. The resistance to the

effects of heat, humidity, impact, mechanical stress and other negative

environmental effect can be substantially improved by the presence of additive

materials. We have found that while processing the microfiber materials of the

invention, that the additive materials can improve the oleophobic character, the

hydrophobic character and can appear to aid in improving the chemical stability of

the materials. We believe that the fine fibers of the invention in the form of a

microfiber are improved by the presence of these oleophobic and hydrophobic

additives as these additives form a protective layer coating, ablative surface or

penetrate the surface to some depth to improve the nature of the polymeric material.

We believe the important characteristics of these materials are the presence of a

strongly hydrophobic group that can preferably also have oleophobic character.

Strongly hydrophobic groups include fluorocarbon groups, hydrophobic

hydrocarbon surfactants or blocks and substantially hydrocarbon oligomeric

compositions. These materials are manufactured in compositions that have a portion
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of the molecule that tends to be compatible with the polymer material affording

typically a physical bond or association with the polymer while the strongly

hydrophobic or oleophobic group, as a result of the association of the additive with

the polymer, forms a protective surface layer that resides on the surface or becomes

alloyed with or mixed with the polymer surface layers. The additive can be used at

an amount of 1% to 25% by weight total on fiber. For 0.2-micron fiber with 

additive level, the surface thickness is calculated to be around 50 A, if the additive

has migrated toward the surface. Migration is believed to occur due to the

incompatible nature of the oleophobic or hydrophobic groups in the bulk material.

A 50 A thickness appears to be reasonable thickness for protective coating. For

0.05-micron diameter fiber, 50 A thickness corresponds to 20% mass. For 2

microns thickness fiber, 50 A thickness corresponds to 2% mass. Preferably the

additive materials are used at an amount of about 2 to 25 Useful surface

thickness can range from 10 A to 150 A.

Oligomeric additives that can be used in combination with the polymer

materials of the invention include oligomers having a molecular weight of about 500

to about 5000, preferably about 500 to about 3000 including fluoro-chemicals,

nonionic surfactants and low molecular weight resins or oligomers. Fluoro-organic

wetting agents useful in this invention are organic molecules represented by the

formula

R,-G

wherein Rfis a fluoroaliphatic radical and G is a group which contains at least one

hydrophilic group such as cationic, anionic, nonionic, or amphoteric groups.

Nonionic materials are preferred. Rfis a fluorinated, monovalent, aliphatic organic

radical containing at least two carbon atoms. Preferably, it is a saturated

perfluoroaliphatic monovalent organic radical. However, hydrogen or chlorine

atoms can be present as substituents on the skeletal chain. While radicals containing

a large number of carbon atoms may function adequately, compounds containing not

more than about 20 carbon atoms are preferred since large radicals usually represent

a less efficient utilization of fluorine than is possible with shorter skeletal chains.

Preferably, Rf contains about 2 to 8 carbon atoms.

The cationic groups that are usable in the fluoro-organic agents employed in

this invention may include an amine or a quaternary ammonium cationic group

which can be oxygen-free -NH2 or oxygen-containing amine oxides).
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Such amine and quaternary ammonium cationic hydrophilic groups can have

formulas such as -NH2 -(NH 3 -(NH(R2 2 -(NH(R2) 3 or -N(R2 2 where

x is an anionic counterion such as halide, hydroxide, sulfate, bisulfate, or

carboxylate, R2 is H or C1- 18 alkyl group, and each R2 can be the same as or different

from other R2 groups. Preferably, R2 is H or a Ci-16 alkyl group and X is halide,

hydroxide, or bisulfate.

The anionic groups which are usable in the fluoro-organic wetting agents

employed in this invention include groups which by ionization can become radicals

of anions. The anionic groups may have formulas such as -COOM, -SO3M, 

OSO 3M,

-PO 3HM, -OP0 3M 2 or -OPO 3HM, where M is H, a metal ion, (NR14) or (SR14)

where each R' is independently H or substituted or unsubstituted C1-C6 alkyl.

Preferably M is Na or K The preferred anionic groups of the fluoro-organo

wetting agents used in this invention have the formula -COOM or -SO3M. Included

within the group of anionic fluoro-organic wetting agents are anionic polymeric

materials typically manufactured from ethylenically unsaturated carboxylic mono-

and diacid monomers having pendent fluorocarbon groups appended thereto. Such

materials include surfactants obtained from 3M Corporation known as FC-430 and

FC-431.

The amphoteric groups which are usable in the fluoro-organic wetting agent

employed in this invention include groups which contain at least one cationic group

as defined above and at least one anionic group as defined above.

The nonionic groups which are usable in the fluoro-organic wetting agents

employed in this invention include groups which are hydrophilic but which under

pH conditions of normal agronomic use are not ionized. The nonionic groups may

have formulas such as -O(CH 2CH2)xOH where x is greater than 1, -S0 2NH 2

-SO2NHCH2CH20H, -SO2N(CH2CH2H)2 -CONH2 -CONHCH 2CH20H, or-

CON(CH2CH20H)2 Examples of such materials include materials of the following

structure:

F(CF2CF2)n-CH 2CH20-(CH2CH20)m-H

wherein n is 2 to 8 and m is 0 to 
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Other fluoro-organic wetting agents include those cationic fluorochemicals

described, for example in U.S. Patent Nos. 2,764,602; 2,764,603; 3,147,064 and

4,069,158. Such amphoteric fluoro-organic wetting agents include those amphoteric

fluorochemicals described, for example, in U.S. Patent Nos. 2,764,602; 4,042,522;

4,069,158; 4,069,244; 4,090,967; 4,161,590 and 4,161,602. Such anionic fluoro-

organic wetting agents include those anionic fluorochemicals described, for

example, in U.S. Patent Nos. 2,803,656; 3,255,131; 3,450,755 and 4,090,967.

Examples of such materials are duPont Zonyl FSN and duPont Zonyl FSO

nonionic surfactants. Another aspect of additives that can be used in the polymers of

the invention include low molecular weight fluorocarbon acrylate materials such as

3M's Scotchgard material having the general structure:

CF 3(CX2)n-acrylate

wherein X is -F or -CF 3 and n is 1 to 7.

Further, nonionic hydrocarbon surfactants including lower alcohol

ethoxylates, fatty acid ethoxylates, nonylphenol ethoxylates, etc. can also be used as

additive materials for the invention. Examples of these materials include Triton X-

100 and Triton N-101.

A useful material for use as an additive material in the compositions of the

invention are tertiary butylphenol oligomers. Such materials tend to be relatively

low molecular weight aromatic phenolic resins. Such resins are phenolic polymers

prepared by enzymatic oxidative coupling. The absence of methylene bridges result

in unique chemical and physical stability. These phenolic resins can be crosslinked

with various amines and epoxies and are compatible with a variety of polymer

materials. These materials are generally exemplified by the following structural

formulas which are characterized by phenolic materials in a repeating motif in the

absence of methylene bridge groups having phenolic and aromatic groups.
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OH
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wherein n is 2 to 20. Examples of these phenolic materials include Enzo-BPA,

Enzo-BPA/phenol, Enzo-TBP, Enzo-COP and other related phenolics were obtained

from Enzymol International Inc., Columbus, Ohio.

It should be understood that an extremely wide variety of fibrous filter media

exist for different applications. The durable nanofibers and microfibers described in

this invention can be added to any of the media. The fibers described in this

invention can also be used to substitute for fiber components of these existing media

giving the significant advantage of improved performance (improved efficiency
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and/or reduced pressure drop) due to their small diameter, while exhibiting greater

durability.

A filter media construction according to the present invention includes a first

layer of permeable coarse fibrous media or substrate having a first surface. A first

layer of fine fiber media is secured to the first surface of the first layer of permeable

coarse fibrous media and a second layer of fine fiber is secured to the substrate.

Preferably the first layer of permeable coarse fibrous material comprises fibers

having an average diameter of at least 10 microns, typically and preferably about 12

(or 14) to 30 microns. Also preferably the first and second layer of permeable

coarse fibrous material comprises a media having a basis weight of no greater than

about 200 grams/meter2 preferably about 0.50 to 150 g/m 2 and most preferably at

least 8 g/m 2 Preferably the first layer of permeable coarse fibrous media is at least

0.0005 inch (12 microns) thick, and typically and preferably is about 0.001 to 0.030

inch (25-800 microns) thick.

In preferred arrangements, the first layer of permeable coarse fibrous

material comprises a material which, if evaluated separately from a remainder of the

construction by the Frazier permeability test, would exhibit a permeability of at least

1 meter(s)/min, and typically and preferably about 2-900 meters/min. Herein when

reference is made to efficiency, unless otherwise specified, reference is meant to

efficiency when measured according to ASTM-1215-89, with 0.78g monodisperse

polystyrene spherical particles, at 20 fpm (6.1 meters/min) as described herein.

Preferably the layer of fine fiber material secured to the first surface of the

layer of permeable coarse fibrous media is a layer ofnano- and microfiber media

wherein the fibers have average fiber diameters of no greater than about 2 microns,

generally and preferably no greater than about 1 micron, and typically and

preferably have fiber diameters smaller than 0.5 micron and within the range of

about 0.05 to 0.5 micron. Also, preferably the first layer of fine fiber material

secured to the first surface of the first layer of permeable coarse fibrous material has

an overall thickness that is no greater than about 30 microns, more preferably no

more than 20 microns, most preferably no greater than about 10 microns, and

typically and preferably that is within a thickness of about 1-8 times (and more

preferably no more than 5 times) the fine fiber average diameter of the layer.

Certain preferred arrangements according to the present invention include

filter media as generally defined, in an overall filter construction. Some preferred



WO 02/20130 PCT/US01/26045

23
arrangements for such use comprise the media arranged in a cylindrical, pleated

configuration with the pleats extending generally longitudinally, i.e. in the same

direction as a longitudinal axis of the cylindrical pattemrn. For such arrangements, the

media may be imbedded in end caps, as with conventional filters. Such

arrangements may include upstream liners and downstream liners if desired, for

typical conventional purposes.

In some applications, media according to the present invention may be used

in conjunction with other types of media, for example conventional media, to

improve overall filtering performance or lifetime. For example, media according to

the present invention may be laminated to conventional media, be utilized in stack

arrangements; or be incorporated (an integral feature) into media structures

including one or more regions of conventional media. It may be used upstream of

such media, for good load; and/or, it may be used downstream from conventional

media, as a high efficiency polishing filter.

Certain arrangements according to the present invention may also be utilized

in liquid filter systems, i.e. wherein the particulate material to be filtered is carried in

a liquid. Also, certain arrangements according to the present invention may be used

in mist collectors, for example arrangements for filtering fine mists from air.

According to the present invention, methods are provided for filtering. The

methods generally involve utilization of media as described to advantage, for

filtering. As will be seen from the descriptions and examples below, media

according to the present invention can be specifically configured and constructed to

provide relatively long life in relatively efficient systems, to advantage.

Various filter designs are shown in patents disclosing and claiming various

aspects of filter structure and structures used with the filter materials. Engel et al.,

U.S. Patent No. 4,720,292, disclose a radial seal design for a filter assembly having

a generally cylindrical filter element design, the filter element being sealed by a

relatively soft, rubber-like end cap having a cylindrical, radially inwardly facing

surface. Kahlbaugh et al., U.S. Patent No. 5,082,476, disclose a filter design using a

depth media comprising a foam substrate with pleated components combined with

the microfiber materials of the invention. Stifelman et al., U.S. Patent No.

5,104,537, relate to a filter structure useful for filtering liquid media. Liquid is

entrained into the filter housing, passes through the exterior of the filter into an

interior annular core and then returns to active use in the structure. Such filters are
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highly useful for filtering hydraulic fluids. Engel et al., U.S. Patent No. 5,613,992,

show a typical diesel engine air intake filter structure. The structure obtains air from

the external aspect of the housing that may or may not contain entrained moisture.

The air passes through the filter while the moisture can pass to the bottom of the

housing and can drain from the housing. Gillingham et al., U.S. Patent No.

5,820,646, disclose a Z filter structure that uses a specific pleated filter design

involving plugged passages that require a fluid stream to pass through at least one

layer of filter media in a shaped path to obtain proper filtering performance.

The filter media formed into the pleated Z shaped format can contain the fine fiber

media of the invention. Glen et al., U.S. Patent No. 5,853,442, disclose a bag house

structure having filter elements that can contain the fine fiber structures of the

invention. Berkhoel et al., U.S. Patent No. 5,954,849, show a dust collector

structure useful in processing typically air having large dust loads to filter dust from

an air stream after processing a workpiece generates a significant dust load in an

environmental air. Lastly, Gillingham, U.S. Design Patent No. 425,189, discloses a

panel filter using the Z filter design.

The media can be a polyester synthetic media, a media made from cellulose,

or blends of these types of materials. One example of usable cellulose media is: a

basis weight of about 45-55 lbs./3000 ft2 (84.7 g/m 2 for example, 48-54 lbs./3000

ft2 a thickness of about 0.005-0.015 in, for example about 0.010 in. (0.25 mm);

frazier permeability of about 20-25 ft/min, for example, about 22 ft/min (6.7 m/min);

pore size of about 55-65 microns, for example, about 62 microns; wet tensile

strength of at least about 7 lbs/in, for example, 8.5 lbs./in (3.9 kg/in); burst strength

wet off of the machine of about 15-25 psi, for example, about 23 psi (159 kPa). The

cellulose media can be treated with fine fiber, for example, fibers having a size

(diameter) of 5 microns or less, and in some instances, submicron. A variety of

methods can be utilized for application of the fine fiber to the media, if it is desired

to use fine fiber. Some such approaches are characterized, for example, in U.S.

Patent 5,423,892, column 32, at lines 48-60. More specifically, such methods are

described in U.S. Patent Nos. 3,878,014; 3,676,242; 3,841,953; and 3,849,241,

incorporated herein by reference. Enough fine fiber typically would be applied until

the resulting media construction would have the individual test between 50 to 

tested according to SAE J726C, using SAE fine dust, and an overall efficiency of

greater than 
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Example of usable filter constructions are described in U.S. Pat. No.

5,820,646, which patent is incorporated by reference herein. In another example

embodiment the fluted construction (not shown) includes tapered flutes. By

'"taperd," it is meant that the flutes cnlargc along their length such that the

downstream opening of the flutes is larger than the upstream opening. Such filter

constructions are described in U.S. Patent Application Serial No. 08/639,220, herein

incorporated by reference in its entirety. Details about fine fiber and its materials

and manufacture is disclosed in U.S. Patent Application Serial No. 09/871,583,

herein incorporated by reference.

Detailed Description of the Drawings

Figure 1 is a graphic representation of experimental data comparing the

overall filter efficiency of three different structures. A first structure is a

commercial filter cartridge. This filter is a cylindrical cartridge made of a pleated

substrate formed from a continuous non-woven fabric of treated cellulose and

synthetic. The filter is about 675 mm in height and about 325 mm in diameter with

media pleats of about 51 mm. This commercial filter, having no fine fiber, is

compared to a single sided structure with one layer of fine fiber on a substrate and to

a double-sided structure having a layer of fine fiber on both sides of a substrate

material. The single sided and double sided layers were constructed similarly to

show that a single layer of fine fiber provides a level of filtering efficiency, while a

dual layer provides substantially improved filter efficiency. Causing the mobile

media to pass through two fine fiber layers, in effect, substantially improves overall

filter efficiency. The substrate layer (no fine fiber) showed in the figure has, in

virtually all cases, substantially poorer efficiency than either the single or double

sided fine fiber layers. The single-sided structure shows a good level of efficiency.

The double-sided structure shows the maximum efficiency. In this way, the filter

construction can be engineered to have any arbitrary level of filter efficiency by

providing two or more layers of fine fiber that provide additive increases in overall

efficiency in the filter structure. In this test, the double-sided structure is better than

the single sided material by 5 to 10% depending on size. In this test, adding another

single layer of fine fiber to the double layer structure could add another 2 to 

efficiency to a filter with the structure including layers of fiber. By adding another

double-layered structure to the tested double layer structure four layers of fine
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fiber) the test would additively increase efficiency by 3 to 10% depending on

particle size.

Figure 2 displays operational data of a large, high output, gas turbine power

system. The figure shows a power curve derived from a gas turbine engine output

using a high efficiency single sided fine fiber layer filter of the invention when

compared to a filter having only conventional filter substrates. As can be seen in the

figure, over a period of 80 days, the power loss to the gas turbine engine becomes

rapidly significant. The power loss is due to degradation of the turbine performance

due to contamination of the turbine blades by material passing through the filter, and

plugging of the by particulates. The high efficiency fine fiber layer shows less than

2% power loss over a period between 60 and 80 days. The power loss in such an

application is a significant operational advantage to the operation of the gas turbine

power generating station. This data was obtained by measuring the power output of

two identical side-by-side gas turbine engines, one with the conventional filter, one

with the high efficiency fine fiber filter.

Figure 3 shows a set of data demonstrating the increase in pressure drop

when various single fine fiber layers on a substrate are exposed to a mineral oil

aerosol. We believe that the mineral oil contacts the fine fiber layer and forms an oil

film plugging the pores in the fine fiber layer. As the pores are filled, the pressure

drop tends to increase. This data shows that a relatively low efficiency fine fiber

layer (for example, a 45% efficient fine fiber layer) has little tendency to increase in

pressure drop while an increased efficiency fine fiber layer 60% efficiency)

does substantially increase pressure drop. This data shows that, depending on the

tendency of the filter media fluid to plug the fine fiber, reduced efficiency can

substantially increase lifetime. This data, taken with the data of Figure 1, shows that

ganged fine fiber layers can provide increased efficiency (additively greater than

while maintaining the low pressure drop increase of low efficiency layers.

This is particularly strongly shown by the very rapid increase in the 90% efficient

layer which, upon initiation of the mineral oil loading, obtains an unacceptably high

pressure drop within a very few minutes of test initiation. Since many filtration

structures are made having a designed overall efficiency of 90% or greater, the use

of a single high efficient fine fiber layer can cause significant operating problems

while an overall 90% efficiency layer can be obtained by using two or more fine

fiber layers having substantially reduced efficiency while still avoiding the high
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pressure drop of a single layer. The test for lifetime or increased pressure drop was

done by loading the filter with the recited aerosols. The test for efficiency used was

ASTM-1215-89 with monodisperse 0.78 micron polystyrene latex particles at 

ft/min velocity.

Figures 4 and 5 demonstrate similar efficiency pressure drop tendencies

when the structures are exposed to a particulate such as carbon black or SAE fine

silica dust and when such a particulate is combined with mineral oil. These data, in

particular, show that the addition of mineral oil to the particulate can cause a very

rapid pressure increase. Again, using a reduced efficiency (45-60% efficient) layer

in two or more separate layers, overall efficiencies can be maintained while pressure

drop can be reduced. The test for lifetime or increased pressure drop was done by

loading the filter with the recited aerosols. The test for efficiency used was ASTM-

1215-89 with monodisperse 0.78 micron polystyrene latex particles at 20 ft/min

velocity.

Figure 6 shows an idealized side view of the structure 60 of the double sided

fine fiber of the invention. In Figure 6, the double layered fiber 61, 62 on the

substrate 63 in a layered structure is shown. The fine fiber layers 61, 62 are

generally thinner than the substrate 63. The fine fiber layers 61, 62 are typically

adhered intimately to the substrate 63 leaving no substantial space between the

layers.

The mineral oil was 'light' mineral oil with a specific gravity of 0.855 and a

viscosity of 27 centistokes at 40 deg C The carbon black was made by CABOT

Corporation and was identified as Vulcan XC 72R GP-3059. Tests were performed

at 25 fpm media face velocity. SAE Fine and carbon black were fed using a tray

feeder and a Japanese/ISO type deflocculator. The mineral oil was fed using a TSI

3576 atomizer. The compressed air pressure was set at 20 psi for both the

deflocculator and the atomizer. For tests with SAE fine dust or carbon black

combined with mineral oil, the oil was fed approximately 2 inches downstream from

the dust inlet. For SAE fine combined with mineral oil, the mass feed ratio was

approximately 5 to 1 respectively. For carbon black combined with mineral oil, the

mass feed ratio was approximately 1 to 2 respectively. The test media included:

Substrate layer a wetlaid cellulose grade
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Substrate layer, wet laid cellulosic grade with 60% efficiency having one fine

fiber layer

Filter with efficiency of 45% on Reemay scrim with one layer of fine fiber

Filter with efficiency of 60% on Reemay scrim with one layer of fine fiber

Filter with efficiency of 90% on Reemay scrim with one layer of fine fiber

Experimental

An experiment was conducted to demonstrate that the use of two separate

fine fiber layers on a substrate, each layer having a reduced efficiency, could be

combined to produce an overall efficiency greater than the efficiencies of the

separate fine fiber layers. In this experiment, a substrate having no fiber was

compared to a substrate having a single layer of fine fiber. These structures were

compared to a third structure having two layers of fine fiber substantially similar to

the single layer of fine fiber on the single layer structure. This two layer structure

was processed by rewinding and unwinding the dual layer fine fiber to demonstrate

the mechanical stability of the fine fiber to typical fine fiber layer manufacturing or

process conditions. The layers were made using conventional processing techniques

and were tested using.

This is an example of using a substrate with 65% LEFS, adding a fine fiber

layer with 66% LEFS (total then then adding a second layer of fine fiber with

66% LEFS (total then Substrates with LEFS efficiency of 5% up to 80% can

be used. We also may use higher fine fiber efficiency on the downstream side of the

filter (since we would have less plugging to worry about). The test for efficiency

used was ASTM-1215-89 with monodisperse 0.78 micron polystyrene latex particles

at 20 ft/min velocity.

The following table shows the percent overall efficiency of the filter

structures. The tests were made by selecting a portion of the filter structure along

the width of the sheet like material. A sample was taken at positions 1, 2 and 3

which corresponded to the center of the web (position 2) and a sample taken closer

to the edge of the web (positions 1 and The substrate without fine fiber showed

an overall efficiency regardless of sample position that is about 65%. The single

layer of fine fiber had an efficiency that ranged from about 86 to about 89%, these

measurements appear to be within the experimental variation.



WO 02/20130 PCT/US01/26045

29

TABLE 1

TEST PRODUCT SAMPLE POSITION Percent Overall Efficiency
1 2 3

Substrate (No Fiber) 65 65 
Single Layer Fine 88 86 89
Fiber
Dual Layer Fine Fiber 96 95 98
Rewound Dual Layer 94 96 97

The dual layer of fine fiber having additive efficiency increase from two

layers of fine fiber range from about 95 to about 98% efficient. The overall

efficiency of the fine fiber layers that are rewound to duplicate manufacturing

conditions showed no substantial reduction of the overall efficiency of the filter

structure.

The above specification, examples and data provide a complete description

of the manufacture and use of the composition of the invention. Since many

embodiments of the invention can be made without departing from the spirit and

scope of the invention, the invention resides in the claims hereinafter appended.
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IND THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

S 1. A fine fiber filter media comprising a single layer of filter substrate, the substrate

having a first surface and a second surface, the substrate having a permeability of

about 0.03 to 15 m-sec 1 and an efficiency greater than 10%, the first surface and the

second surface each comprising a layer of fine fiber having a diameter of about 0.001 to

microns, the layer of fine fiber having a thickness of less than 5 microns, the layer of

S fine fiber formed in an amount effective to obtain pore size of about 0.0001 to 5 microns,
00
00oo an overall efficiency under ASTM-1215-89 with monodisperse 0.78 micron polystyrene
(N

latex particles at 20 ft/min velocity of about 50% to 90% in any one layer and to obtain

C 0 an efficiency of greater than 90% in the layers combined.

2. The filter media of claim 1 wherein the efficiency of the fine fiber layer on the first

surface is different than the efficiency of the fine fiber layer on the second surface.

3. The filter media of claim 1 wherein the efficiency of the fine fiber layer on a

downstream surface is greater than the efficiency of the fine fiber layer on an upstream

surface.

4. The filter media of claim 1 wherein the filter substrate has a thickness of about

0.1 to 3 millimeters, the first surface and the second surface each comprising a layer of

fine fiber having a diameter of about 0.01 to 0.3 microns the layer having a thickness of

less than 3 microns, the fine fiber selected such that after test exposure for a test period

of 16 hours to test conditions of 140OF air and a relative humidity of 100% retains

greater than 50% of the fiber unchanged for filtration purposes.

The filter media of claim 1 wherein the fine fiber layer formed in an amount

effective, in each layer, to obtain an efficiency of less than 85% and in both layers

combined to obtain an overall efficiency of greater than 90% and the substrate has an

efficiency of about 5% to about 

6. The filer media of claim 1 wherein the fine fiber forming an interlocking mesh of

fiber having on the average a pore size between fibers in the web of less than about 3

microns; wherein the filter media has an efficiency greater than the efficiency of a single
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ID sided media and has a lifetime, defined as an increase in pressure drop over the filter of0

about 3 inches H20 at test conditions of 10 ft/min.

7. A method of removing a particulate from an air borne stream, the particulateCc,
comprising a liquid particulate, a solid particulate or mixtures thereof, the method

comprises:
Cc,

c placing a filter structure in an air stream; and
00
00
oo
oo
(N

directing the air stream through the filter structure while monitoring the

useful life of the filter structure; said filter structure comprising a fine fiber filter media

and single layer of a filter substrate the substrate having a permeability of about 0.03 to

15 m-sec1 and an efficiency of greater than 10%, the substrate having a first surface

and a second surface, the first surface and the second surface each comprising a layer

of fine fiber having a diameter of about 0.0001 to 0.5 microns, the layer of fine fiber

having a thickness of less than 5 microns, the fine fiber layer formed in an amount

effective to obtain a pore size of about 0.001 to 5 microns, an efficiency under ASTM-

1215-89 with monodisperse 0.78 micron polystyrene latex particles at 20 ft/min velocity

of about 50% to 90% in any one layer and to obtain an efficiency of greater than 90% in

the layers combined.

8. The method of claim 7 wherein the efficiency of the fine fiber layer on the first

surface is different than the efficiency of the fine fiber layer on the second surface.

9. The method of claim 7 wherein the efficiency of the fine fiber layer on a

downstream surface is greater than the efficiency of the fine fiber layer on an upstream

surface.

The method of claim 7 wherein the filter substrate has a thickness of about 0.01

to 0.5 millimeters, the first surface and the second surface each comprising a separate

layer of fine fiber having a diameter of about 0.01 to 0.3 microns the layer having a

thickness of less than 3 microns, the fine fiber selected such the after test exposure for

a test period of 16 hours to test conditions of 140OF air and a relative humidity of 100%

retains greater than 50% of the fiber unchanged for filtration purposes.
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S 11. The method of claim 7 wherein the fine fiber layer formed in an amount effective

c to obtain an efficiency of less than 85% in any one layer and to obtain an efficiency of

C greater than 90% in both layers combined.

12. The method of claim 7 wherein the fine fiber forming an interlocking mesh of fiber

having on the average a pore size between fibers in the web of less than about 3

microns; wherein the filter media has an efficiency greater than the efficiency of a single

sided media and has a lifetime, defined as an increase in pressure drop over the filter of00
00 about 3 inches H20 at test conditions of 10 ft/min.

13. The method of claim 7 wherein the particulate comprises residual components of

0 combustion.

14. The method of claim 7 wherein the particulate comprises a fatty oil, a fatty acid or

mixtures thereof.

The method of claim 7 wherein the particulate comprises soot, a grit or mixtures

thereof.

16. A filter structure comprising one layer of filter substrate and three or more layers

of fine fiber, the substrate layer having a first surface and a second surface, the

substrate having a permeability of about 0.03 to 15 m-sec1 and an efficiency of greater

than 10%, the surfaces comprising three or more layers of the fine fiber on the

substrate, each fine fiber layer comprising fine fiber having a diameter of about 0.01 to

0.5 micron, each fine fiber layer having a thickness of less than 5 microns, the fine fiber

layer formed in the amount effective to obtain a pore size of about 0.0001 to 5 microns,

an efficiency under ASTM-1215-89 with monodisperse 0.78 micron polystyrene latex

particles at 20 ft/min velocity of about 50% to 90% in any one layer and to obtain an

overall efficiency of greater than 90% in the layers combined.

17. The filter media of claim 16 wherein the efficiency of one fine fiber layer in the

filter structure is different than the efficiency of any other fine fiber layer in the filter

structure.
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O 18. The filter media of claim 16 wherein the efficiency of a fine fiber layer on a

downstream surface is greater than the efficiency of a fine fiber layer on an upstream

surface.

19. The filter media of claim 16 wherein the filter substrate has a thickness of about

0.01 to 3 millimeters, any surface comprising a layer of fine fiber having a diameter of

rn about 0.01 to 0.5 microns the layer having a thickness of less than 3 microns, the fine

Mq fiber selected such that after test exposure for a test period of 16 hours to testoo00
00 conditions of 140OF air and a relative humidity of 100% retains greater than 50% of the
(N

fiber unchanged for filtration purposes.

0 20. The filter media of claim 16 wherein the filter substrate has a thickness of about

0.3 to 1 millimeters.

21. The filter media of claim 16 wherein each fine fiber layer is formed in an amount

effective to obtain an efficiency of less than 85% and in all layers combined to obtain an

overall efficiency of greater than 

22. The filter media of claim 16 wherein the fine fiber forming an interlocking mesh of

fiber having on the average a pore size between fibers in the web of less than about 3

microns; wherein the filter media has an efficiency greater than the efficiency of a single

sided media and has a lifetime, defined as an increase in pressure drop over the filter of

about 3 inches H 20 at test conditions of 10 ft/min.

Dated 30 March 2006

Freehills Patent Trade Mark Attorneys
Patent Attorneys for the Applicant/s:

Donaldson Company, Inc.
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