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(57) ABSTRACT 
A filter medium for filtering matter from a fluid and the 
manufacture thereofare provided. In one exemplary embodi 
ment, a method may be performed by a filter medium for 
filtering particulate matter from a fluid. Further, the filter 
medium may include a nonwoven sliver formed into a prede 
termined shape and composed of first synthetic staple fibers 
having a first denier, second synthetic staple fibers having a 
second denier, and third synthetic staple fibers having a third 
denier. 
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CONSTRUCTING A FRST NONWOWEN SWER FROMA FRST 
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CONSTRUCNG ASECOND NONWOVEN SLIVER FROMA 
SECOND SET OF SYNTHEIC SAPLE FBERS HAVING 
DIFFERENT STAPE FBER LENGTHS AND A SECOND 

OENSY 

805 

FULY OVERLAYING THE SECOND NONWOWEN SEVER ON 
THE FRS NONWOVEN SLIVER O OBTAN A COMBINED 

MATERA 

- 807 

FORMNG THE COMBNED MATERANTO A 
PREDETERMINED SHAPE TO OBTAN THE FILTER MEDIUM, 
WHERENA DENSEY GRADENT FROM A CORE OF HE 
FER MEDUM TO AN EXERNA. CRCUMFERENCE OF 

THE FTER MEDIUM ISABOUT ECRUVA ENT 

809 

APPLYING AT LEAST ONE OF (1) A MECHANICAL 
TREATMENT TO AN OUTER SURFACE OF TELER 

MEDUMO NCREASEAN ABITY OF THE FIER MEDUM 
TO ADHERE TO ANOTHER FILTER MEDIUMAND (2) A 
BENDED SINGLE-COMPONENT AND B-COMPONEN 
FBERS AS BNDER FBERS USENG THERMA BONDNG 
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SET OF SYNTHETC STAPLE FBERS HAVNG OFFERENT 

STAPLE FBER ENGTHS AND A FRS OENSY 
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CONSTRUCTNG ASECOND NONWOWEN SEVER FROMA 
SECOND SE OF SYNTHETC SAPE FBERS HAVING 
OFFERENT SAPE FBERENGTHS AND A SECOND 

DENSY 

905 

PARTAY OVERLAYNG THE SECOND NONWOVEN SEVER 
ON THE FIRST NONWOVEN SLIVER TO OBTAIN A COMBINED 

MATERA 

907 

FORMING THE COMBINED MATERA NOA 
PREDETERMINED SHAPE TO OBTAIN THE FILTER MEDIUM, 
WHEREIN A CORE OF THE FILTER MEDIUM HAS AT LEAST A 
FIRST DENSITY AND THE FIRST DENSITY IS GREATER THAN 

THE SECOND DENSTY 

“ 909 

APPLYNG AMECHANCAL REAMEN OAN OUER SURFACE 
OF THE FILTER MEDIUM TO INCREASE ANABILITY OF THE FILTER 

MEDIUM TO ADHERE TO ANOHER FTER MEDUM 
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FILTERING, BY A FILTER MEDUM, PARTICULATE MATTER 
FROMA FLUID, WHEREN THE FILTER MEDIUM INCLUDESA 
NONWOVEN SLIVER FORMED INTO APREDEERMINED 
SHAPE AND COMPOSED OF FIRST SYNTHETC STAPE 

FIBERS HAVING A FIRST DENIER, 
SECONO SYNTHEC STAPLE FBERS HAVNG ASECONO 
DENER, AND THIRD SYNTHETC STAPLE FBERS HAVING A 
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1400 

Number of 
Fibers Migrated 

No. of With 
Filter Dimensions of 

Flush Balls for 2 100m x 
Filter Media Volune in Analysis 1 On 

One embodiment of a 18,990 ml 6 71 
filter medium as 
disclosed herein 

1401 
Fibalon Pool media 18,990 ml 6 1,382 

1403 
polyBalls media 18,990 ml 6 1,422 
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FILTER MEDIA FOR FILTERING MATTER 
FROMA FLUID 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit under 35 U.S.C. 
S119(e) to U.S. Prov. App. No. 62/106,991, filed Jan. 23, 
2015, and U.S. Prov. App. No. 62/173,108, filed Jun. 9, 2015, 
which are hereby incorporated by reference as if fully set 
forth herein. 

FIELD OF INVENTION 

0002 The present disclosure relates generally to filter 
media, and in particular to filter media for filtering matter 
from a fluid and the manufacturing thereof. 

BACKGROUND 

0003 Filter media is used in a filter for filtering matter 
Such as particulate matter from fluids and includes media for 
air filters, chemical filters, coolant filters, hydraulic filters, oil 
filters, water filters, and the like. Further, filter media is used 
in many consumer and industrial filtration applications such 
as for drinking water, swimming pools, aquaculture, waste 
water recycling, oil separation, and other applications. In one 
example, a filter media disposed in a cartridge filter filters 
water input at the top of the cartridge through a fluid inlet. The 
filter media then filters the water with the filtered water output 
through a fluid outlet. 
0004. A filter medium is fabricated from a diverse range of 
materials such as sand, glass, asbestos, natural fibers such as 
wood pulp and the like, and synthetic polymers such as ther 
moplastics and the like. Thermoplastics are a plastic material 
that becomes pliable or moldable above a certain temperature 
and Solidifies during cooling. Thermoplastics may be used to 
form polymeric and non-polymeric thermoplastic fibers. 
0005. A filter medium is typically designed to provide a 
high filtering efficiency to prevent fine particulate matter from 
passing through while maintaining a low pressure drop across 
the medium over its useful life. Further, a filter medium is 
typically designed for an increased useful life while not 
requiring frequent cleaning or replacement. However, these 
design requirements tend to be inversely related, requiring 
design trade-offs. For instance, a medium having a high fil 
tering efficiency tends to accumulate more particulate matter 
resulting in a high pressure drop. The loft or thickness of a 
filter medium typically indicates its ability to entrap particu 
late matter within the medium's interstitial spaces or pores 
without impeding the flow of a fluid through the medium. 
This filtration process is commonly known as depth filtration. 
In contrast, surface filtration accumulates particulate matter 
ona Surface of a medium, building a high pressure drop across 
the medium. 
0006) There have been many attempts to develop a filter 
medium having high filter efficiency while maintaining a low 
pressure drop across the medium. One such attempt uses 
nonwoven material as a two-dimensional filter. For instance, 
a fluid having particulate matterflows through one side of the 
nonwoven material of a filter and a filtered fluid flows out of 
the other side of the nonwoven material. Further, the filtered 
particulate matter forms a filter cake on the nonwoven mate 
rial, resulting in reducing the effectiveness of the filter and 
requiring a higher pumping power to maintain operation over 
a longer period. In addition, the use of nonwoven material as 
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a filter material typically suffers from fiber migration, since 
the fibers do not always stay in their initial positions. 
0007. In another such attempt, nonwoven material has 
been constructed using hollow polyester fibers to form staple 
fibers. These staple fibers are used to form a single sliver, 
which may be rolled to form the filtered media. However, the 
staple fibers cause undesirable fiber migration. Also, the use 
of hollow fibers have less tensile strength and are prone to 
breaking, leading to increased fiber migration. 
I0008. In another such attempt, a porous, compressible fil 
ter medium is disposed between compression plates to 
achieve desired filtration results. The compression plates are 
used to vary the density and denier (linear mass density) of the 
fibers of the filter medium. In addition to requiring the use of 
compression plates, this medium also suffers from a reduced 
capacity to hold particulate matter in the filter bed. Further, 
this medium is typically limited to an upflow filter systems. 
0009. Accordingly, there is a need for improved tech 
niques relating to a filter medium having high filter efficiency 
while reducing filter migration and maintaining a low pres 
Sure drop across the medium and the manufacturing thereof. 
In addition, other desirable features and characteristics of the 
present disclosure will become apparent from the subsequent 
detailed description and claims, taken in conjunction with the 
accompanying figures and the foregoing technical field and 
background. 

SUMMARY 

0010. The following presents a simplified summary of the 
disclosure in order to provide a basic understanding to those 
of skill in the art. This summary is not an extensive overview 
of the disclosure and is not intended to identify key or critical 
elements of embodiments of the invention or to delineate the 
Scope of the invention. The sole purpose of this summary is to 
present Some exemplary embodiments disclosed herein in a 
simplified form as a prelude to the more detailed description 
that is presented later. 
(0011. The present disclosure relates to filter media having 
a single or multiple nonwoven slivers for filtering particulate 
matter from fluids and the manufacturing thereof. In one 
exemplary embodiment, a filter medium may be configured to 
include a nonwoven sliver having a predetermined density 
and formed into a predetermined shape for filtering particu 
late matter from a fluid. The nonwoven sliver may be com 
posed of first synthetic staple fibers having a first staple fiber 
length and a first denier and second synthetic staple fibers 
having a second staple fiber length and a second denier. Fur 
ther, a portion of the first synthetic staple fibers may be 
crimped with a portion of the second synthetic staple fibers. 
0012. In another exemplary embodiment, a filter medium 
may be configured to include a first nonwoven sliver com 
posed of a first set of synthetic staple fibers having different 
staple fiber lengths and a first density. Further, the filter 
medium may be configured to include a second nonwoven 
sliver composed of a second set of synthetic staple fibers 
having different staple fiber lengths and a second density. The 
first nonwoven sliver and the second nonwoven sliver may be 
combined to form a predetermined shape having a core with 
a density of at least the first density. Also, the first density may 
be greater than the second density. 
I0013 Inanother exemplary embodiment, a method of pro 
ducing a filter medium for filtering a fluid may include con 
structing a first nonwoven sliver from a first set of synthetic 
staple fibers having different staple fiber lengths and a first 
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density. Further, the method may include constructing a sec 
ond nonwoven sliver from a second set of synthetic staple 
fibers having different staple fiber lengths and a second den 
sity. Also, the method may include combining the first non 
woven sliver and the second nonwoven sliver to obtain a 
combined material. Finally, the method may include forming 
the combined material into a predetermined shape to obtain 
the filter medium, wherein the filter medium has a core with 
substantially the first density. Also, the first density may be 
greater than the second density. 
0014. In another exemplary embodiment, a method of pro 
ducing a thermal bonding of the non-woven fibers as a filter 
medium for filtering a fluid may include constructing a first 
nonwoven sliver from a first set of synthetic blended staple 
fibers having different staple fiber lengths and include single 
component or bi-component fibers as binder fibers. Further, 
the method may include constructing a second nonwoven 
sliver from a second set of synthetic staple fibers to include 
single-component or bi-component fibers as binder fibers 
having different staple fiber lengths and a second density. 
Also, the method may include combining the first nonwoven 
sliver and the second nonwoven sliver to obtain a combined 
material. Finally, the method may include forming the com 
bined material into a predetermined shape to obtain the filter 
medium, wherein the filter medium has a core with substan 
tially the first density. Also, the first density may be greater 
than the second density. 
0015. In another exemplary embodiment, a filter for filter 
ing a fluid may be configured to include a housing, a fluid inlet 
coupled to the housing, a fluid outlet coupled to the housing, 
and a filter media. The filter media may be configured to 
include a plurality of filter mediums disposed in the housing 
and may be used to filter the fluid from the fluid inlet and 
output the filtered fluid to the fluid outlet. Each of the filter 
mediums may be configured to include a first nonwoven sliver 
composed of a first set of synthetic staple fibers having dif 
ferent staple fiber lengths and a first density, and a second 
nonwoven sliver composed of a second set of synthetic staple 
fibers having different staple fiber lengths and a second den 
sity. Further, the first nonwoven sliver and the second non 
woven sliver may be combined to form a predetermined shape 
having a core with at least the first density. Also, the first 
density may be greater than the second density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The present disclosure is illustrated by way of 
examples, embodiments and the like and is not limited by the 
accompanying figures, in which like reference numbers indi 
cate similar elements. Elements in the figures are illustrated 
for simplicity and clarity and have not necessarily been drawn 
to scale. The figures along with the detailed description are 
incorporated and form part of the specification and serve to 
further illustrate examples, embodiments and the like, and 
explain various principles and advantages, in accordance 
with the present disclosure. 
0017 FIG. 1 is a cross-sectional view of one embodiment 
of a nonwoven sliver with various aspects described herein. 
0.018 FIG. 2 is a cross-sectional view of another embodi 
ment of a nonwoven sliver with various aspects described 
herein. 
0019 FIG.3 is a perspective view of one embodiment of a 
nonwoven sliver with various aspects described herein. 
0020 FIG. 4 is a perspective view of one embodiment of 
combined material with various aspects described herein. 
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0021 FIG. 5 is a perspective view of one embodiment of a 
filter medium with various aspects described herein. 
0022 FIG. 6 is a side view of another embodiment of a 
filter medium with various aspects described herein. 
0023 FIG. 7 shows a top view of one embodiment of a 

filter system having filter media with various aspects 
described herein. 
0024 FIG. 8 is one embodiment of a method of producing 
a filter medium for filtering particulate matter from a fluid 
with various aspects described herein. 
(0025 FIG. 9 is another embodiment of a method of pro 
ducing a filter medium for filtering particulate matter from a 
fluid with various aspects described herein. 
0026 FIG. 10 is a perspective view of another embodi 
ment of combined material with various aspects described 
herein. 
0027 FIG. 11 is a perspective view of another embodi 
ment of combined material with various aspects described 
herein. 
0028 FIG. 12 is a perspective view of another embodi 
ment of combined material with various aspects described 
herein. 
0029 FIG. 13 is another embodiment of a method of fil 
tering particulate matter from a fluid using a filter medium 
with various aspects described herein. 
0030 FIG. 14 is a table providing measurements of fiber 
migration of one embodiment of a filter medium as described 
herein compared to commercially available filter medium. 
0031 FIG. 15 illustrates a housing used to contain filter 
media for measuring fiber migration. 

DETAILED DESCRIPTION 

0032. The following detailed description is merely illus 
trative in nature and is not intended to limit the present dis 
closure, or the application and uses of the present disclosure. 
Furthermore, there is no intention to be bound by any 
expressed or implied theory presented in the preceding field 
of use, background, or Summary of the disclosure or the 
following detailed description. The present disclosure pro 
vides various examples, embodiments and the like, which 
may be described herein in terms of functional or logical 
block elements. Various techniques described herein may be 
used for filter media and the manufacture thereof. The various 
aspects described herein are presented as methods, devices 
(or apparatus), and systems that may include a number of 
components, elements, members, modules, nodes, peripher 
als, or the like. Further, these methods, devices, and systems 
may include or not include additional components, elements, 
members, modules, nodes, peripherals, or the like. 
0033 FIG. 1 is a cross-sectional view of one embodiment 
of a nonwoven sliver 100 with various aspects described 
herein. FIG. 1 shows that the nonwoven sliver 100 is com 
posed of synthetic stapled fibers having various deniers, col 
ors and translucencies. 
0034 FIG. 2 is a cross-sectional view of another embodi 
ment of a nonwoven sliver 200 with various aspects described 
herein. FIG. 2 shows that the nonwoven sliver 200 is com 
posed of synthetic stapled fibers having various diameters 
201, 203 and 205. For example, one of the synthetic stapled 
fibers has a diameter 203 of 41.29 micrometers (41.29 pm). 
0035 FIG. 3 is a perspective view of one embodiment of a 
nonwoven sliver 300 with various aspects described herein. 
In FIG. 3, the nonwoven sliver 300 may be represented by 
dimensions of length 301, width 303, and thickness 305. In 
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one example, the nonwoven sliver 300 may have a length 301 
in a range from about two inches to about twenty-four inches. 
In another example, the nonwoven sliver 300 may have a 
width 303 in a range from about one inch to about six inches. 
In another example, the nonwoven sliver 300 may have a 
thickness 305 in a range from about /64 of an inch to about/2 
of an inch. 

0036 FIG. 4 is a perspective view of one embodiment of 
combined material 400 with various aspects described herein. 
In FIG. 4, the combined material 400 may be formed by 
partially overlaying a plurality of nonwoven slivers 401, 403, 
405 and 407. Each of the plurality of nonwoven slivers 401, 
403, 405 and 407 may be composed of synthetic staple fibers 
having various deniers or densities. Further, each of the Syn 
thetic staple fibers may be a polymeric or non-polymeric 
thermoplastic fiber. Also, each of the plurality of nonwoven 
slivers may be of various dimensions. In one example, each of 
the plurality of nonwoven slivers 401, 403, 405 and 407 has a 
different length. In another example, each of the plurality of 
nonwoven slivers 401, 403, 405 and 407 has a different thick 
ness. In another example, each of the plurality of nonwoven 
slivers 401, 403, 405 and 407 has a different denier. 
0037 FIG.5 is a perspective view of one embodiment of a 

filter medium 500 with various aspects described herein. In 
FIG.5, the filter medium 500 may have a width 503 in a range 
from about two inches to about six inches. A single nonwoven 
sliver or a combined material having a plurality of nonwoven 
slivers may be formed into a predetermined shape Such as a 
cylinder or a sphere to obtain the filter medium 500. A core 
501 of the filter medium 500 is a portion of the filter medium 
500 that is disposed near alongitudinal center axis of the filter 
medium 500. 

0038 FIG. 6 is a side view of another embodiment of a 
filter medium 600 with various aspects described herein. In 
FIG. 6, a core 601 of the filter medium 600 may have a 
variable density or a variable thickness. Further, a density 
gradient 605 is defined from the core 601 of the filter medium 
500 to an outer Surface or side 603 of the filter medium 600. 

0039. In another embodiment, a filter medium may be 
formed by fully overlaying a plurality of nonwoven slivers. 
For Such structure, a density gradient may be about uniform 
from a core of the filter medium to a surface of the filter 
medium. 

0040. In another embodiment, a filter medium may be 
formed by partially overlaying a plurality of nonwoven sliv 
ers. For Such structure, a density gradient may vary from a 
core of the filter medium to a surface of the filter medium 
dependent on the density of each of the plurality of nonwoven 
slivers. For example, a core of a filter medium having a first 
density and an outer wrap of the filter medium having a 
second density would result in a density gradient varying 
from the first density to the second density. 
0041 FIG. 7 shows a top view of one embodiment of a 

filter system 700 having filter media with various aspects 
described herein. In FIG. 7, the filter system 700 includes an 
inlet port (not shown), an outlet port 705 and a plurality of 
filter media 701, 702 and 703. The outlet 705 may be posi 
tioned near a top of the filter system 700 and may output a 
fluid having particulate matter. The plurality of filter media 
701, 702 and 703 may then filter the particulate matter from 
the fluid to obtain a filtered fluid. In one example, the plurality 
offilter media 701,702 and 703 may be contiguous within the 
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filter 700 system. The inlet port may be positioned near a 
bottom of the filter system 700 and may output the filtered 
fluid. 

0042 FIG. 8 is one embodiment of a method 800 of pro 
ducing a filter medium for filtering particulate matter from a 
fluid with various aspects described herein. In FIG. 8, the 
method 800 may start, for instance, at block 801 where the 
method 800 may include constructing a first nonwoven sliver 
from a first set of synthetic staple fibers having different 
staple fiber lengths and a first density. At block 803, the 
method 800 may include constructing a second nonwoven 
sliver from a second set of synthetic staple fibers having 
different staple fiber lengths and a second density. At block 
805, the method 800 may include fully overlaying the second 
nonwoven sliver on the first nonwoven sliver to obtain a 
combined material. At block 807, the method 800 may 
include forming the combined material into a predetermined 
shape to obtain the filter medium, wherein a density gradient 
from a core of the filter medium to an external circumference 
of the filter medium is about equivalent. At block 809, the 
method 800 may include applying a mechanical treatment to 
an outer surface of the filter medium or to the fibers, individu 
ally or collectively. In one example, the mechanical treatment 
may be applied to convert the outer surface of the filter 
medium or the fibers to be oleophilic, oleophobic, hydro 
philic, or hydrophobic. Further, the method 800 may include 
applying another mechanical treatment to blended single 
component or bi-component fibers as binder fibers for ther 
mal bonding to increase an ability of the filter medium to 
adhere to another filter medium. 

0043 FIG. 9 is another embodiment of a method 900 of 
producing a filter medium for filtering particulate matter from 
a fluid with various aspects described herein. In FIG. 9, the 
method 900 may start, for instance, at block 901 where the 
method 900 may include constructing a first nonwoven sliver 
from a first set of synthetic staple fibers having different 
staple fiber lengths and a first density. At block 903, the 
method 900 may include constructing a second nonwoven 
sliver from a second set of synthetic staple fibers having 
different staple fiber lengths and a second density. At block 
905, the method 900 may include partially overlaying the 
second nonwoven sliver on the first nonwoven sliver to obtain 
a combined material. At block 907, the method 900 may 
include forming the combined material into a predetermined 
shape to obtain the filter medium. Further, a core of the filter 
medium may have at least a first density. Also, the first density 
may be greater than the second density. At block 909, the 
method 900 may include applying a mechanical treatment to 
an outer surface of the filter medium or to the fibers, individu 
ally or collectively, to increase cohesion to another filter 
medium or other fibers. 

0044 FIG. 10 is a perspective view of another embodi 
ment of combined material 1000 with various aspects 
described herein. In FIG. 10, the combined material 1000 
may be configured to include a first nonwoven sliver 1001 and 
a second nonwoven sliver 1003. The second nonwoven sliver 
1003 may be partially overlaid on the first nonwoven sliver 
1001 to form a first non-overlaid portion 1005 associated with 
the first nonwoven sliver 1001, an overlaid portion 1007 
associated with the first and second nonwoven slivers 1001 
and 1003, and a second non-overlaid portion 1009 associated 
with the second nonwoven sliver 1003. The combined mate 
rial 1000 may be formed into a filter medium having a pre 
determined shape with the first non-overlaid portion 1005 
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forming an inner wrap disposed at a core of the filter medium 
and the second non-overlaid portion 1009 forming an outer 
wrap disposed at an outer surface or a side surface of the filter 
medium. Further, the overlaid portion 1007 may be disposed 
between the core of the filter medium and the outer wrap of 
the filter medium. 

0045 FIG. 11 is a perspective view of another embodi 
ment of combined material 1100 with various aspects 
described herein. In FIG. 11, the combined material 1100 
may be configured to include a first nonwoven sliver 1101, a 
second nonwoven sliver 1103, and a third nonwoven sliver 
1105. The second nonwoven sliver 1103 may be partially 
overlaid on the first nonwoven sliver 1101 to form a first 
non-overlaid portion 1107 associated with the first nonwoven 
sliver and a first overlaid portion 1109 associated with the first 
nonwoven sliver 1101 and the second nonwoven sliver 1103. 
The third nonwoven sliver 1105 may be overlaid on the first 
and second nonwoven slivers 1101 and 1103 to forma second 
overlaid portion 1111 associated with the second and third 
nonwoven slivers 1103 and 1105, a third overlaid portion 
1113 associated with the first, second and third nonwoven 
slivers 1101, 1103 and 1105 and a second non-overlaid por 
tion 1115 associated with the third nonwoven sliver 1105. The 
combined material 1100 may be formed into a filter medium 
having a predetermined shape with the first non-overlaid por 
tion 1107 forming a first inner wrap disposed at a core of the 
filter medium, the first overlaid portion 1109 forming a sec 
ond inner wrap disposed near the core of the filter medium, 
the second non-overlaid portion 1115 forming a first outer 
wrap disposed at an outer surface or side surface of the filter 
medium, and the second overlaid portion 1111 forming a 
second outer wrap disposed near the outer Surface or side 
surface of the filter medium. Further, the third overlaid por 
tion 1113 may be disposed between the second inner wrap of 
the filter medium and the second outer wrap of the filter 
medium. 

0046 FIG. 12 is a perspective view of another embodi 
ment of combined material 1200 with various aspects 
described herein. In FIG. 12, the combined material 1200 
may be configured to include a first nonwoven sliver 1201, a 
second nonwoven sliver 1203, and a third nonwoven sliver 
1205. The second nonwoven sliver 1203 may be partially 
overlaid on the first nonwoven sliver 1201 to form a first 
non-overlaid portion 1207 associated with the first nonwoven 
sliver 1201. The third nonwoven sliver 1205 may be partially 
overlaid on the first and second nonwoven slivers 1201 and 
1203 to form an overlaid portion 1209 associated with the 
first, second and third nonwoven slivers 1201, 1203 and 1205, 
and a second non-overlaid portion 1211 associated with the 
third nonwoven sliver 1205. The combined material 1200 
may be formed into a filter medium having a predetermined 
shape with the first non-overlaid portion 1207 forming an 
inner wrap disposed at a core of the filter medium and the 
second non-overlaid portion 1211 forming an outer wrap 
disposed at a side surface of the filter medium. Further, the 
overlaid portion 1109 may be disposed between the inner 
wrap of the filter medium and the outer wrap of the filter 
medium. 

0047. In another embodiment, an outer wrap of the filter 
medium may have the second density. 
0048. In one embodiment, a filter medium may be com 
posed of polymeric and non-polymeric resin-based thermo 
plastic fibers that are manipulated by extruding or melt blown 
then carding, Sorting and rolling into a predetermined shape 
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Such as a cylinder or a sphere and capable offiltering particu 
late matter from a fluid Such as a process liquid, water orgas. 
0049. In another embodiment, a filter medium may be 
composed of polymeric or non-polymeric thermoplastic 
fibers in various deniers (including micro deniers) and vari 
ous dimensional profiles. Further, the thermoplastic fibers 
may be constructed into a sliver and formed into a filter 
medium having a shape such as a sphere, a cylinder or the like. 
Also, the filter medium may be combined with another filter 
medium to form a filter media to filter a fluid. 
0050. In another embodiment, a thermoplastic fiber may 
have a denier in the range of 0.1 denier (0.1 D) to fifty denier 
(50 D). 
0051. In another embodiment, a nonwoven sliver may be 
constructed from staple fibers that range in length from about 
two inches to about six inches. The staple fibers may then be 
crimped and folded to have a cross-locking characteristic. 
The combination of the length of the fibers and the crimping 
of the fibers may eliminate shedding of fiber material during 
use, resulting in reducing or eliminating fiber migration dur 
ing filtering of a fluid. 
0052. In another embodiment, a filter medium may be 
constructed using one or more nonwoven slivers with each 
sliver having a different density. Further, each sliver may have 
fibers having different deniers. 
0053. In another embodiment, one or more nonwoven 
slivers may be initially rolled tighter to form a core of a filter 
medium that is denser and has a higher concentration of 
smaller fibers than an outer wrap of the filter medium. This 
construction may allow for targeting the filter media for spe 
cific micron retention capabilities. 
0054. In another embodiment, an outer surface area of a 
filter medium may be prepared during a carding process to 
achieve a roughness coefficient that may allow a filter 
medium to bond with another filter medium. The ability for 
the filter medium to bond with the other filter medium may 
also be associated with a vibratory nature of an inlet flow and 
a wetting process, resulting in positioning each filter medium 
against each other. During a back-flush cycle, a reverse action 
or separation of each filter medium may be performed using 
a back-flush pressure and a fluid flow that may release trapped 
particulate matter from each filter medium and may discharge 
this particulate matter into a waste drain, resulting in rejuve 
nating or cleaning each filter medium. 
0055 A typical use of a filter media as disclosed herein 
may be as a replacement media for filter sand and other 
granularbed media vessels. These types offilters are typically 
closed systems that use backwashing instead of media 
replacement to regenerate the filtering capabilities of the filter 
media. A filter media capable of backwashing generally relies 
on a high velocity of a fluid through the filter media to regen 
erate the filtering capabilities of the filter media. The filter 
media as disclosed herein allows for the filtration or removal 
of fine particulate matter to a low level. 
0056. In one embodiment, a filter medium for filtering 
particulate matter from a fluid may be configured to include a 
nonwoven sliver having a certain density and may be formed 
into a predetermined shape for filtering particulate matter 
from the fluid. Further, the nonwoven sliver may be composed 
of first synthetic staple fibers having a first staple fiber length 
and a first denier, and second synthetic staple fibers having a 
second staple fiber length and a second denier. Also, a portion 
of the first synthetic staple fibers may be crimped with a 
portion of the second synthetic staple fibers. 
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0057. In another embodiment, a filter medium for filtering 
particulate matter from a fluid may be configured to include a 
first nonwoven sliver composed of a first set of synthetic 
staple fibers having different staple fiber lengths and a first 
density, and a second nonwoven sliver composed of a second 
set of synthetic staple fibers having different staple fiber 
lengths and a second density. Further, the first nonwoven 
sliver and the second nonwoven sliver may be combined to 
form a predetermined shapehaving a core with a density of at 
least the first density. Also, the first density may be greater 
than the second density. 
0.058 Inanother embodiment, the second nonwoven sliver 
may be partially overlaid on the first nonwoven sliver and 
combined to form the predetermined shape so that the first 
nonwoven sliver may be substantially disposed in a core of 
the predetermined shape. 
0059. In another embodiment, the first density may be in a 
range from about 0.01 g/cm3 to about 0.2 g/cm3. 
0060. In another embodiment, the second density may be 
in a range from about 0.01 g/cm3 to about 0.2 g/cm3. 
0061. In another embodiment, the first set of synthetic 
staple fibers may be composed of first synthetic staple fibers 
having a first staple fiber length and second synthetic staple 
fibers having a second staple fiber length. In one example, a 
first set of synthetic staple fibers may be composed of a first 
synthetic staple fiber having a first staple fiber length of about 
eighteen inches (18") and may be used to form a filter medium 
having a predetermined shape of a ball. In another example, a 
first set of synthetic fibers may be composed of a first syn 
thetic staple fiber having a first staple fiber length of about two 
inches (2") and a second synthetic staple fiber having a second 
staple fiber length of about ten inches (10"). Further, a second 
set of synthetic fibers may be composed of a third synthetic 
staple fiber having a third staple fiber length of about six 
inches (6") and a fourth synthetic staple fiber having a staple 
fiber length of about eight inches (8"). Also, the first set of 
synthetic staple fibers and the second set of synthetic staple 
fibers may compose a first nonwoven sliver, which may be 
used to form a predetermined shape Such as a ball. 
0062. In another embodiment, the first staple fiber length 
may be in a range from about two inches (2") to about twenty 
four inches (24"), and the second staple fiber length may be in 
a range from about two inches (2") to about twenty-four 
inches (24"). 
0063. In another embodiment, the first set of synthetic 
staple fibers may be composed of first synthetic staple fibers 
having a first denier, and second synthetic Staple fibers having 
a second denier. 

0064. In another embodiment, the first denier may be in a 
range from about one denier (1 D) to about one hundred 
denier (100D), and the second denier may be in a range from 
about one denier (1 D) to about one hundred denier (100D). 
In one example, first synthetic staple fibers having a first 
staple fiber length of determined size may have about thirty 
five percent (35%) of about six denier (6 D) and about fifteen 
percent (15%) of about seventeen denier (17 D). In another 
example, first synthetic staple fibers having a first staple fiber 
length of determined size may have about forty percent (40%) 
of about two denier (2D) and about twenty percent (20%) of 
about eight denier (8 D). In another example, first synthetic 
staple fibers having a first staple fiber length of determined 
size may have about forty percent (40%) of about two denier 
(2 D). In another example, second synthetic Staple fibers 
having a second staple fiber length of determined size may 
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have about twenty percent (20%) of about eight denier (8 D) 
and about twenty percent (20%) of about seventeen denier (17 
D). In another example, third synthetic staple fibers having a 
third staple fiber length of determined size may have about 
thirty percent (30%) of about twelve denier (12 D) and about 
thirty percent (30%) of about twenty-five denier (25 D). In 
another example, fourth synthetic staple fibers having a 
fourth staple length of determined size may include about 
twenty percent (20%) of about twenty denier (20D) and about 
fifteen percent (15%) of about one hundred denier (100D). 
0065. In another embodiment, the first set of synthetic 
staple fibers may be composed of first synthetic staple fibers 
having a first average diameter, and second synthetic staple 
fibers having a second average diameter. 
0066. In another embodiment, the first average diameter 
may be in a range from about three microns (3 um) to about 
three hundred microns (300 um), and the second average 
diameter may be in a range from about three microns (3 um) 
to about five hundred microns (500 um). 
0067. In another embodiment, a portion of the first syn 
thetic staple fibers may be crimped with a portion of the 
second synthetic staple fibers. 
0068. In another embodiment, the second set of synthetic 
staple fibers may be composed of third synthetic staple fibers 
having a third staple fiber length, and fourth synthetic staple 
fibers having a fourth staple fiber length. 
0069. In another embodiment, the third staple fiber length 
may be in a range from about two inches (2") to about twenty 
four inches (24"), and the fourth staple fiber length may be in 
a range from about two inches (2") to about twenty-four 
inches (24"). 
0070. In another embodiment, the second set of synthetic 
staple fibers may be composed of third synthetic staple fibers 
having a third denier, and fourth synthetic Staple fibers having 
a fourth denier. 
0071. In another embodiment, the third denier may be in a 
range from about one denier (1 D) to about one hundred 
denier (100D), and the fourth denier may be in a range from 
about one denier (1 D) to about one hundred denier (100D). 
0072. In another embodiment, the second set of synthetic 
staple fibers may be composed of third synthetic staple of 
fibers having a third average diameter, and fourth synthetic 
Staple of fibers having a fourth average diameter. 
0073. In another embodiment, the third average diameter 
may be in a range from about three microns (3 um) to about 
five hundred microns (500 um), and the fourth average diam 
eter may be in a range from about three microns (3 um) to 
about five hundred microns (500 um). 
0074. In another embodiment, a portion of the third syn 
thetic staple of fibers may be crimped with a portion of the 
fourth synthetic staple fibers. 
0075. In another embodiment, the predetermined shape 
may be a cylinder. 
0076. In another embodiment, the predetermined shape 
may be a sphere. 
0077. In another embodiment, an average staple fiber 
length of the first nonwoven sliver may be less thananaverage 
staple fiber length of the second nonwoven sliver. 
0078. In another embodiment, the different staple fiber 
lengths of the first nonwoven sliver may be in a range from 
about two inches to about six inches. 
(0079. In another embodiment, the different staple fiber 
lengths of the second or additional nonwoven sliver(s) may be 
in a range from about two inches to about six inches. 
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0080. In another embodiment, a percentage of the first set 
of synthetic staple fibers in a total volume of the filter medium 
may be less than about two percent. 
0081. In another embodiment, a percentage of the second 
set of synthetic staple fibers in a total volume of the filter 
medium may be less than about two percent. 
0082 In another embodiment, a percentage of the first set 
of synthetic staple fibers and the second set of synthetic staple 
fibers in a total volume of the filter medium may be less than 
about two percent. 
0083. In another embodiment, a percentage of the first set 
of synthetic staple fibers and the second set of synthetic staple 
fibers in a total volume of the filter medium may be in a range 
from about one percent to about two percent. 
0084. In another embodiment, the filter medium may have 
a flow resistance in a range from about one millibar (1 mb) to 
about fifty millibars (50 mb). 
0085. In another embodiment, the filter medium may have 
a flow resistance in a range from about one millibar (1 mb) to 
about five hundred millibars (500 mb). 
I0086. In another embodiment, the filter medium may have 
a flow resistance in a range from about one millibar (1 mb) to 
about five millibars (5 mb). 
0087. In another embodiment, the filter medium may have 
a first-pass filtration rate of at least about 99%. 
0088. In another embodiment, the synthetic staple fibers 
may be composed of thermoplastic fibers. 
0089. In another embodiment, the thermoplastic fibers 
may be at least one of polymeric thermoplastic fibers and 
non-polymeric thermoplastic fibers. 
0090. In one embodiment, a method of producing a filter 
medium for filtering particulate matter from a fluid may 
include constructing a first nonwoven sliver from a first set of 
synthetic staple fibers having different staple fiber lengths and 
a first density. Further, the method may include constructing 
a second nonwoven sliver from a second set of synthetic 
staple fibers having different staple fiber lengths and a second 
density. Also, the method may include overlaying the second 
nonwoven sliver on the first nonwoven sliver to obtain a 
combined material. The method may include forming the 
combined material into a predetermined shape to obtain the 
filter medium. The filter medium may have a core with sub 
stantially the first density. In addition, the first density may be 
greater than the second density. 
0091. In another embodiment, the method may include 
rolling the combined material into the predetermined shape. 
0092. In another embodiment, the method may include 
overlaying the second nonwoven sliverona portion of the first 
nonwoven sliver to form a non-overlaid portion and an over 
laid portion of the combined material. 
0093. In another embodiment, the method may include 
rolling the non-overlaid portion of the combined material and 
then rolling the overlaid portion of the combined material. 
0094. In another embodiment, the method may include 
rolling the non-overlaid portion of the combined material 
tighter than rolling the overlaid portion of the combined mate 
rial. 

0095. In another embodiment, the method may include 
overlaying the second nonwoven sliverona portion of the first 
nonwoven sliver to form a first non-overlaid portion associ 
ated with the first nonwoven sliver, an overlaid portion and a 
second non-overlaid portion associated with the second non 
woven sliver of the combined material. 
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0096. In another embodiment, the method may include 
rolling the second non-overlaid portion of the combined 
material. 
0097. In another embodiment, the method may include 
rolling the second non-overlaid portion of the combined 
material after rolling the first non-overlaid portion and the 
overlaid portion of the combined material. 
0098. In another embodiment, the method may include 
applying a mechanical treatment to an outer Surface of the 
filter medium to increase an ability of the filter medium to 
adhere to another filter medium. 
0099. In another embodiment, the method may include 
applying at least one of (1) a mechanical treatment to an outer 
surface of the filter medium to increase an ability of the filter 
medium to adhere to another filter medium and (2) a blended 
single-component and bi-component fibers as binder fibers 
using thermal bonding. 
0100. In another embodiment, the method may include 
applying a blended single-component and bi-component 
fibers as binder fibers using thermal bonding. 
0101. In another embodiment, the filter medium is capable 
of filtering the particulate matter with a grain size in a range 
from one micron to five microns. 
0102. In another embodiment, the filter medium is capable 
of filtering the particulate matter with a grain size in a range 
from one micron to one thousand microns. 
0103) In one embodiment, a filter for filtering a fluid may 
be configured to include a housing, a fluid inlet coupled to the 
housing, a fluid outlet coupled to the housing, and a filter 
media. The filter media may be composed of a plurality of 
filter mediums disposed in the housing and used to filter the 
fluid from the fluid inlet and output the filtered fluid to the 
fluid outlet. Each of the plurality of filter mediums may be 
configured to include a first nonwoven sliver composed of a 
first set of synthetic staple fibers having different staple fiber 
lengths and a first density, and a second nonwoven sliver 
composed of a second set of synthetic Staple fibers having 
different staple fiber lengths and a second density. Further, the 
first nonwoven sliver and the second nonwoven sliver may be 
combined to form a predetermined shape having a core with 
at least the first density. Also, the first density may be greater 
than the second density. 
0104. In another embodiment, a method of producing a 

filter medium for filtering particulate matter from a fluid may 
include constructing a first nonwoven sliver from a first set of 
oleophillic or hyrdophobic synthetic staple fibers having dif 
ferent staple fiber lengths and a first density. Further, the 
method may include constructing a second nonwoven sliver 
from a second set of oleophobic or hydrophillic synthetic 
staple fibers having different staple fiber lengths and a second 
density. Also, the method may include overlaying the second 
nonwoven sliver on the first nonwoven sliver to obtain a 
combined material. In addition, the method may include 
forming the combined material into a predetermined shape to 
obtain the filter medium. The filter medium may have a core 
with substantially the first density. In addition, the first den 
sity may be greater than the second density. 
0105. In another embodiment, a method of producing a 

filter medium for filtering particulate matter from a fluid may 
include constructing a nonwoven sliver from a first set of 
oleophillic or hyrdophobic synthetic staple fibers having dif 
ferent staple fiber lengths and a first density. 
0106. In another embodiment, a method of producing a 

filter medium for filtering particulate matter from a fluid may 
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include constructing a nonwoven sliver from a first set of 
oleophobic or hydrophillic synthetic staple fibers having dif 
ferent staple fiber lengths and a first density. 
0107. In another embodiment, a set of staple fibers may be 
composed of: 

0108) about ten percent (10%) to about sixty percent 
(60%) of about six denier (6D) synthetic fibers; 

0109 about ten percent (10%) to about sixty percent 
(60%) of about seventeen denier (17D) synthetic fibers: 
and 

0110 about ten percent (10%) to about percent (40%) 
of about twenty-five denier (25D) to about thirty denier 
(30D) synthetic fibers. 

0111. In another embodiment, a set of staple fibers may be 
composed of: 

0112 about ten percent (10%) to about sixty percent 
(60%) of about three denier (3D) synthetic fibers: 

0113 about ten percent (10%) to about sixty percent 
(60%) of about twenty denier (20D) synthetic fibers; and 

0114 about ten percent (10%) to about forty percent 
(40%) of about twenty-five denier (25D) to about forty 
denier (40D) synthetic fibers. 

0115. In another embodiment, a set of staple fibers may be 
composed of: 

0116 about ten percent (10%) to about sixty percent 
(60%) of about two denier (2D) synthetic fibers; 

0117 about ten percent (10%) to about sixty percent 
(60%) of about twenty denier (20D) synthetic fibers; and 

0118 about ten percent (10%) to about forty percent 
(40%) of about twenty-five denier (25D) to about forty 
denier (40D) synthetic fibers. 

0119. In another embodiment, a set of staple fibers may be 
composed of: 

I0120 about ten percent (10%) to about sixty percent 
(60%) of about two denier (2D) to about six denier (6D) 
synthetic fibers: 

I0121 about ten percent (10%) to about sixty percent 
(60%) of ten denier (10D) to seventeen denier (17D) 
synthetic fibers: 

0.122 about ten percent (10%) to about sixty percent 
(60%) of about twenty denier (20D) synthetic fibers; and 

I0123 about ten percent (10%) to about sixty percent 
(60%) of about twenty-five denier (25D) to about forty 
denier (40D) synthetic fibers. 

0.124. In another embodiment, a set of staple fibers may be 
composed of: 

0.125 about ten percent (10%) to about sixty percent 
(60%) of about one denier (1 D) to about ten denier 
(1OD) synthetic fibers; 

0.126 about ten percent (10%) to about sixty percent 
(60%) often denier (1OD) to twenty denier (20D) syn 
thetic fibers; 

I0127 about ten percent (10%) to about sixty percent 
(60%) of about twenty denier (20D) to about twenty-five 
denier (25D) synthetic fibers; and 

I0128 about ten percent (10%) to about sixty percent 
(60%) of about twenty-five denier (25D) to about forty 
denier (40D) synthetic fibers. 

0129. In another embodiment, a synthetic fiber may be a 
thermoplastic synthetic fiber. 
0130. In another embodiment, a synthetic staple fiber may 
range from about two inches (2") to about six inches (6") in 
length. 
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I0131. In another embodiment, a synthetic staple fiber may 
be crimped. 
0.132. In another embodiment, a sliver may be formed into 
a predetermined shape having a core of a first density and an 
outer wrap of a second density. 
I0133. In another embodiment, a sliver may include a set of 
staple fibers. 
I0134. In another embodiment, a sliver may include syn 
thetic fibers of variable denier. 
I0135) In another embodiment, a sliver may include Cobalt 
58, Cobalt 60 or Cesium isotope reduction enhancements 
impregnated or embedded within the synthetic fibers of the 
sliver. 
0.136. In another embodiment, a synthetic staple fiber may 
be oleophillic. 
0.137 In another embodiment, a synthetic staple fiber may 
be hydrophobic. 
0.138. In another embodiment, a filter medium may be 
composed of one sliver. 
0.139. In another embodiment, a filter medium may be 
composed of a plurality of slivers. 
0140 FIG. 13 is another embodiment of a method 1300 of 
filtering particulate matter from a fluid using a filter medium 
with various aspects described herein. In FIG. 13, the method 
1300 may include filtering, by a filter medium, the particulate 
matter from the fluid. Further, the filter medium may include 
a nonwoven sliver formed into a predetermined shape and 
composed of first synthetic staple fibers having a first denier, 
second synthetic staple fibers having a second denier, and 
third synthetic staple fibers having a third denier. In one 
example, the first synthetic staple fibers may have the first 
denier of about six (6) denier, the second synthetic staple 
fibers may have the second denier of about seventeen (17) 
denier, and the third synthetic staple fibers may have the third 
denier of about forty-five (45) denier. In another example, the 
first synthetic staple fibers may have the first denier of about 
six (6) denier, the second synthetic staple fibers may have the 
second denier of about seventeen (17) denier, and the third 
synthetic staple fibers may have the third denier of about 
twenty-five (25) denier. In another example, the first synthetic 
staple fibers may have the first denier of about six (6) denier, 
the second synthetic staple fibers may have the second denier 
of about seventeen (17) denier, and the third synthetic staple 
fibers may have the third denier of about forty (40) denier. 
Also, the filter medium may have a shape of a cylinder. 
0141 FIG. 14 is a table 1400 describing fiber migration 
measurements of one embodiment of filter media 1401 as 
described herein compared to fiber migration measurements 
of commercially available filter media. Each of the filter 
media 1401 is configured to include a nonwoven sliver 
formed into a cylindrical shape and composed of first syn 
thetic staple fibers having a first denier of about six (6), 
second synthetic Staple fibers having a second denier of about 
seventeen (17), and third synthetic staple fibers having a third 
denier of about forty-five (45). The fiber migration measure 
ments were made per the SAE J905 (2009) modified test 
standard. The modifications to the SAE J905 (2009) test 
standard included using water as the test fluid, performing a 
microscope analysis for fibers only, and using single media 
test per analysis disk. The test conditions during the fiber 
migration measurements included applying a flow rate of 
fifteen gallons per minute per square foot (15 gpm/ft or 633 
cc/min) to the filter media for a total flush volume of eighteen 
thousand nine-hundred and ninety milliliters (18,990 ml). 
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The flush time was thirty (30) minutes. Further, six (6) filter 
media 1401 (i.e., filter balls) as described herein were posi 
tioned in series (i.e., one above another) in a conical bottom of 
a housing 1500 having 1.43" inner diameter (ID), as illus 
trated in FIG. 15. Also, a filter analysis disc was mounted at 
the housing exit. The instrument used to count the number of 
fibers that migrated through the filter media was an Olympus 
BX-40 Episcopic Microscope having 10x ocular magnifica 
tion, 10x objective magnification and 100x total magnifica 
tion. Only fibers with dimensions of at least 100 umx10 um 
were counted. 

0142. In FIG. 14, six (6) filter media 1401 as described 
herein were measured to have a fiber migration of seventy 
one (71) fibers. A volume of the six (6) filter media 1401 is 
about 0.053 cubic feet. The commercially-available filter 
media tested were the Fibalon(R) Pool media 1403 and the 
polyBalls media 1405. The six (6) Fibalon(R) Pool media 1403 
was measured to have a fiber migration of one thousand, three 
hundred and eight-two (1,382) fibers. The volume of the six 
(6) filter media 1401 was about equivalent to a volume of the 
six (6) Fibalon(R) Pool media 1403. The six (6) polyBalls 
media 1405 was measured to have a fiber migration of one 
thousand, four hundred and twenty-two (1422) fibers. The 
volume of the six (6) filter media 1401 was about equivalent 
to a volume of the six (6) polyBalls media 1405. Hence, the 
filter media 1401 has substantially less fiber migration for 
about an equivalent Volume than the commercially-available 
filter media. 

0143. Throughout the specification and the claims, the 
following terms take at least the meanings explicitly associ 
ated herein, unless the context clearly dictates otherwise. The 
terms “connect.” “connecting, and “connected” mean that 
one function, feature, structure, or characteristic is directly 
joined to or in communication with another function, feature, 
structure, or characteristic. The terms “couple.” “coupling.” 
and “coupled' mean that one function, feature, structure, or 
characteristic is directly or indirectly joined to or in commu 
nication with another function, feature, structure, or charac 
teristic. Relational terms such as “first and “second, and the 
like may be used solely to distinguish one entity or action 
from another entity or action without necessarily requiring or 
implying any actual Such relationship or order between Such 
entities or actions. The term 'or' is intended to mean an 
inclusive 'or' unless specified otherwise or clear from the 
context to be directed to an exclusive'or.” Further, the terms 
“a,” “an, and “the are intended to mean one or more unless 
specified otherwise or clear from the context to be directed to 
a singular form. The term “include” and its various forms are 
intended to mean including but not limited to. The terms 
“substantially,” “essentially.” “approximately.” “about' or 
any other version thereof, are defined as being close to as 
understood by one of ordinary skill in the art, and in one 
non-limiting embodiment the term is defined to be within 
10%, in another embodiment within 5%, in another embodi 
ment within 1% and in another embodiment within 0.5%. 

0144. In the previous description, numerous specific 
details are set forth. However, it is to be understood that 
embodiments of the disclosed technology may be practiced 
without these specific details. References to “one embodi 
ment,” “an embodiment,” “example embodiment,” “various 
embodiments, and other like terms indicate that the embodi 
ments of the disclosed technology so described may include a 
particular function, feature, structure, or characteristic, but 
not every embodiment necessarily includes the particular 
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function, feature, structure, or characteristic. Further, 
repeated use of the phrase “in one embodiment” does not 
necessarily refer to the same embodiment, although it may. 
0145. It is important to recognize that it is impractical to 
describe every conceivable combination of components or 
methodologies for purposes of describing the claimed subject 
matter. However, a person having ordinary skill in the art may 
recognize that many further combinations and permutations 
of the Subject innovations are possible. Accordingly, the 
claimed subject matter is intended to cover all such alter 
ations, modifications and variations that are within the spirit 
and scope of the claimed Subject matter. 
What is claimed is: 
1. A method performed by a filter medium for filtering 

particulate matter from a fluid, comprising: 
filtering, by the filter medium, the particulate matter from 

the fluid, wherein the filter medium includes a non 
woven sliver formed into a predetermined shape and 
composed of: 
first synthetic staple fibers having a first denier; 
second synthetic Staple fibers having a second denier, 
and 

third synthetic staple fibers having a third denier. 
2. The method of claim 1, wherein the filter medium is 

capable offiber migration of no more than about 100 fibers for 
a flush volume of about 18,990 milliliters applied to the filter 
medium having a volume of about 0.053 cubic feet. 

3. The method of claim 1, wherein the filter medium is 
capable offiber migration of no more than about 500 fibers for 
a flush volume of about 18,990 milliliters applied to the filter 
medium having a volume of about 0.053 cubic feet. 

4. The method of claim 1, wherein the first denier is in a 
range from about 1 denier to about 10 denier, the second 
denier is in a range from about 10 denier to about 20 denier 
and the third denier is in a range from about 20 denier to about 
50 denier. 

5. The method of claim 1, wherein the second denier is in 
a range from about 10 denier to about 20 denier, the first 
denier is less than the second denier and the third denier is 
more than the second denier. 

6. The method of claim 1, wherein a density of a core of the 
filter medium is greater than a density of an outer wrap of the 
filter medium. 

7. The method of claim 1, wherein a composition of the 
nonwoven sliver includes about 10% to about 60% of the first 
synthetic staple fibers, about 10% to about 60% of the second 
synthetic staple fibers and about 10% to about 40% of the 
third synthetic staple fibers. 

8. The method of claim 1, wherein a percentage of a volume 
of the first, second and third synthetic staple fibers in a volume 
of the filter medium is less than about 2%. 

9. The method of claim 1, wherein filtering includes filter 
ing, by the filter medium, the particulate matter with a grain 
size in a range from about 5 microns to about 10 microns. 

10. The method of claim 1, wherein the filter medium has 
a flow resistance of no more than about 50 millibars. 

11. A filter medium for filtering particulate matter from a 
fluid, comprising: 

a nonwoven sliver formed into a predetermined shape, 
wherein the nonwoven sliver is composed of: 
first synthetic staple fibers having a first denier; 
second synthetic Staple fibers having a second denier, 
and 

third synthetic staple fibers having a third denier; and 
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wherein the filter medium is capable of filtering the par 
ticulate matter from the fluid. 

12. The filter medium of claim 11, wherein the filter 
medium is capable of fiber migration of no more than about 
100 fibers for a flush volume of about 18,990 milliliters 
applied to the filter medium having a volume of about 0.053 
cubic feet. 

13. The filter medium of claim 11, wherein the filter 
medium is capable of fiber migration of no more than 500 
fibers for a flush volume of about 18,990 milliliters applied to 
the filter medium having a volume of about 0.053 cubic feet. 

14. The filter medium of claim 11, wherein the first denier 
is in a range from about 1 denier to about 10 denier, the second 
denier is in a range from about 10 denier to about 20 denier 
and the third denier is in a range from about 20 denier to about 
50 denier. 

15. The filter medium of claim 11, wherein the second 
denier is in a range from about 10 denier to about 20 denier, 
the first denier is less than the second denier and the third 
denier is more than the second denier. 
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16. The filter medium of claim 11, wherein a density of a 
core of the filter medium is greater than a density of an outer 
wrap of the filter medium. 

17. The filter medium of claim 11, wherein a composition 
of the nonwoven sliver includes about 10% to about 60% of 
the first synthetic staple fibers, about 10% to about 60% of the 
second synthetic staple fibers and about 10% to about 40% of 
the third synthetic staple fibers. 

18. The filter medium of claim 11, wherein a percentage of 
a volume of the first, second and third synthetic staple fibers 
in a volume of the filter medium is less than about 2%. 

19. The filter medium of claim 11, wherein filtering 
includes filtering, by the filter medium, the particulate matter 
with a grain size in a range from about 5 microns to about 10 
microns. 

20. The filter medium of claim 11, wherein the filter 
medium has a flow resistance of no more than about 50 
millibars. 


