
FILTRATION SYSTEMS AND METHODS FOR FILTERING 

PARTICLES OF A PREDETERMINED SUBSTANCE 

BACKGROUND 

The present disclosure relates generally to filtration systems and, more specifically to 

filtration systems for use in filtering particles of a similar size. 

At least some known filtration systems are used to physically separate entrained 

particulates from a flow of fluid. Generally, filtration systems include a filter media positioned in 

the path of fluid flow. The filter media is selected to separate predetermined particulates from the 

fluid flow. More specifically, at least some known filter media include one or more layers of 

material having pores defined therein. The pores defined within each layer are sized to only permit 

particulates of a particular size to pass therethrough. As such, during operation, at least some 

known filtration systems simultaneously permit the passage of predetermined particulates through 

the pores while collecting particulates of a larger size on the surface of the filter media. 

While at least some known filtration systems are generally effective at separating 

particulates of different sizes, such systems may become clogged after prolonged use, thereby 

resulting in an increased pressure drop across the filter media. Filter media used in known filtration 

systems may be configured for one-time use resulting in disposal of the filter media, or may be re­

used after being cleaned and unclogged with processes such as a reverse pulse cleaning process. 

However, cleaning processes generally require a temporary shutdown of the overall system coupled 

to the filtration system, and may undesirably result in damage to the filter media. Moreover, filter 

media that have predetermined pore sizes are generally ineffective at filtering particulates of a 

similar size. 

BRIEF DESCRIPTION 

In one aspect, a filtration system is provided. The filtration system includes a filter 

media including a plurality of apertures defined therein, and an array of micropiliars. Each 

micropillar is substantially aligned with one of the plurality of apertures and is configured to be 

repelled by particles of a predetermined substance entrained in a flow channeled through the 

filtration system, wherein an orientation of each said micropillar is selectively modified when 

stimuli is applied thereto, to enable the particles of the predetermined substance to flow through 

said filter media. 
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In another aspect, a filtration system is provided. The filtration system includes a 

repository, and an array of micropillars. Each micropillar in the array is configured to attract 

particles of a predetermined substance entrained in a flow channeled through the filtration system 

and transfer the attracted particles to the repository, wherein an orientation of each said micropillar 

is selectively modified when stimuli is applied thereto, such that the attracted particles are 

transferred to said repository. 

In yet another aspect, a method for filtering particles of a predetermined substance 

entrained in a flow is provided. The method includes positioning an array of micropillars in a path 

of flow, and applying stimuli to the micropillars to selectively modify an orientation of the 

micropillars and selectively remove the particles of the predetermined substance from the flow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of an exemplary filtration system in a first 

operational position. 

Figure 2 is a schematic illustration of the filtration system shown in Figure 1 in a 

second operational position. 

Figure 3 is a schematic front view illustration of an alternative filtration system in a 

first operational position. 

Figure 4 is a schematic side view illustration of the filtration system shown in Figure 

3 in a second operational position. 

Figure 5 is a schematic illustration of a farther alternative filtration system. 

DETAILED DESCRIPTION 

Implementations of the present disclosure relate to filtration systems and methods of 

filtering particles of a predetermined size. The filtration systems described herein include an array 

of micropillars that selectively remove different particles of the predetermined size that are 

entrained in a flow of fluid when the micropillars are subjected to a stimuli. In the exemplary 

implementations, the micropillars are either repelled by, or attract the entrained predetermined 

particles thereto. The repulsion or attraction may be induced by at least one of an electric field 

and/or a magnetic field created between the particles and the micropillars, and the forces generated 

therefrom. As such, the filtration systems described herein facilitate separating particles from a 

flow of fluid based on characteristics of the particles other than their size. Moreover, micropillars 

are used in the exemplary implementations due to their ability to be fabricated in the micrometer 

and sub-micrometer 

2 



ranges, their ability to be activated using a variety of external stimuli, and their ability to 

return to their original form after the stimuli is removed. 

In one implementation, the micropillars are substantially aligned with 

apertures defined in a filter media, and each micropillar includes a coating that facilitates 

5 creating repulsion between the predetermined particles and the micropillars.. More 

specifically, the coating is applied to a free end of the micropillars. The free end of each 

micropillar is misaligned with a respective aperture as the predetermined particles come in 

close contact with the coating. As such, the particles may be separated from the fluid flow by 

passing through the apertures exposed by the repelled micropillars. In another 

10 implementation, the micropillars include a coating that facilitates attracting the predetermined 

particles to the micropillars. The attracted particles couple to the micropillars and are 

transferred to a repository. As such, each filtration system described herein separates 

entrained particles from fluid using attraction and/or repulsion between the particles and 

micropillars such that particles of different substances having a substantially similar size may 

15 be separated. 

Figure 1 is a schematic illustration of an exemplary filtration system 100 in a 

first operational position 102, and Figure 2 is a schematic illustration of filtration system 100 

in a second operational position 104. In the exemplary implementation, filtration system 100 

includes a filter media 110 and a micropillar array 120 that is substantially aligned with filter 

20 media 110. More specifically, filter media 110 includes a plurality of apertures 112 defined 

therein, and micropillar array 120 includes a base 122 and a plurality of micropillars 124 that 

extend from base 122. In one implementation, micropillars 124 extend from base 122 and 

each is aligned with a respective aperture 112 defined in filter media 110. As such, when 

filtration system 100 is in the first operational position, micropillars 124 are each 

25 substantially aligned with apertures 112 such that particles 130 of a first substance and 

particles 132 of a second substance may not pass therethrough. 

Micropillars 124 may be fabricated from any suitable material that enables 

filtration system 100 to function as described herein. More specifically, micropillars 124 

may be fabricated from any suitable material that enables micropillars 124 to bend when 

30 subjected to stimuli such as electric, magnetic, or electromagnetic forces. Exemplary suitable 

materials include, but are not limited to, diphenylalanine peptide nanotubes (PNTs), and 

polyvinylidene fluoride (PVDF). Further, micropillars 124 may have any suitable 

dimensions that enable filtration system 100 to function as described herein. For example, 
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micropillars 124 may have a diameter that corresponds to a diameter D of apertures 112 

defined within filter media 110. More specifically, micropillars 124 are sized to substantially 

block the passage of particles 130 and 132 through apertures 112 when micropillars 124 are 

aligned therewith. Further, in some implementations, micropillars 124 have a length L that 

5 enables a free end 126 of micropillars 124 to be inserted at least partially into apertures 112 

when micropillars 124 are aligned therewith. 

In the exemplary implementation, a fluid flow 134 is channeled towards 

filtration system 100. Particles 130 of a first substance and particles 132 of a second 

substance are entrained in fluid flow 134. In the exemplary implementation, particles 130 

10 and 132 are substantially similarly sized such that they cannot be separated using a traditional 

filter media having pores of a predetermined size defined therein. Accordingly, in the 

exemplary implementation, particles 130 of first substance are unreactive with micropillars 

124, and particles 132 of second substance react with micropillars 124 to facilitate selective 

removal of particles 132 from fluid flow 134. 

15 More specifically, in the exemplary implementation, the free end 126 of each 

micropillar 124 includes a coating 128 applied thereon that is selected to be unreactive with 

particles 130 of first substance and reactive with particles 132 of second substance. In each 

implementation descxibed herein, coating 128 may include any suitable substance that 

enables filtration system 100 to function as described herein. More specifically, the selected 

20 substance reacts with particles 132 via any suitable method that enables filtration system 100 

to function as described herein. In some implementations, the reaction may be induced by 

stimuli such as forces generated by either an electric field and/or a magnetic field induced 

between particles 132 and coating 128. For example, in one implementation, particles 132 of 

the predetermined substance have either a positive or negative charge, and coating 128 has 

25 the same charge as particles 132. As such, the opposing fields of particles 132 and coating 

128 facilitate repelling micropillars 124 out of alignment with apertures 112. In alternative 

implementations, coating 128 is applied to the entire surface of micropillars 124. 

In operation, micropillar array 120 is positioned in a path of fluid flow 134 

that is channeled towards micropillar array 120. In some implementations, micropillars 124 

30 extend in a substantially transverse direction with respect to the fluid flow 134 direction. As 

shown in Figure 1, micropillars 124, and more specifically coating 128 applied to 

micropillars 124, are unreactive with particles 130 of the first substance. As such, each 

micropillar 124 maintains its alignment with and substantially blocks each respective aperture 
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112 such that particles 130 are unable to pass therethrough. In alternative implementations, a 

plurality of micropillar arrays 120 are positioned in the path of fluid flow 134 in a series of 

stages. 

Referring now to Figure 2, when particles 132 of the second substance are 

5 channeled towards and/or positioned in close proximity to coating 128, filtration system 100 

moves into the second operational position. More specifically, in the exemplary 

implementation, coating 128 repelled by particles 132 which causes free end 126 to misalign 

from aperture 112, such that aperture 112 is exposed to fluid flow 134. In some 

implementations, aperture 112 is sized to enable the passage of particles 132 therethrough. 

10 As such, when micropillars 124 are misaligned from apertures 112, particles 132 of second 

substance flow through apertures 112. After each particle 132 passes through aperture 112, 

filtration system 100 returns to the first operational position as shown in Figure 1. More 

specifically, micropillars 124 return to their original orientation wherein each is substantially 
re-aligned with respective apertures 112, and such that the passage of fluid flow 134 

15 therethrough is substantially prevented. 

Figure 3 is a schematic front view illustration of another exemplary filtration 

system 200 in a first operational position, and Figure 4 is a schematic side view illustration of 

filtration system 200 in a second operational position. In the exemplary implementation, 

filtration system 200 includes a light source 202, a light sensor 204, and a micropillar array 

20 220 positioned therebetween. More specifically, micropillar array 220 includes a base 222 

and a plurality of micropillars 224 extending from base 222 towards light sensor 204. In 

some implementations, light source 202 directs light towards light sensor 204 through 

micropillars 224 of array 220, and micropillars 224 attract and remove particles 132 from 

fluid flow 134. 

25 Micropillars 224 may be fabricated from any suitable material that enables 

filtration system 200 to function as described herein. More specifically, micropillars may be 

fabricated from any suitable material that enables micropillars 224 to bend when subjected to 

stimuli such as an applied voltage or heat. In the exemplary implementation, micropillars 

224 are fabricated from piezoelectric material that is activated when a voltage is applied 

30 thereto. Exemplary suitable piezoelectric material includes, but is not limited to, naturally 

occurring crystalline material, synthetic crystalline material, and synthetic ceramic material. 

In the exemplary implementation, a coating 228 is applied to a free end 226 of 

micropillars 224 that reacts with particles 132 via any suitable method that enables filtration 
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system 200 to function as described herein. In some implementations, the reaction may be 

induced by either an electric field and/or a magnetic field induced between particles 132 and 

coating 228. For example, in one implementation, particles 132 of the predetermined 

substance have either a positive or negative charge and coating 228 has an opposite charge 

5 from particles 132. As such, the fields of particles 132 and coating 228 facilitate attracting 

particles 132 to micropillars 224 such that particles 132 may be transferred to a particle 

repository 240 positioned adjacent to micropillar array 220. 

In operation, micropillar array 220 is positioned in a path of fluid flow 134 

that is channeled towards micropillar array 220. In some implementations, micropillars 224 

10 extend in a substantially transverse direction with respect to the fluid flow 134 direction. 

Micropillars 224, and more specifically coating 228 applied to micropillars 224, are 

unreactive with particles 130 of the first substance. As such, micropillars 224 remain in a 

substantially straight orientation until particles 132 of the second substance are positioned in 

close proximity to micropillars 224. In alternative implementations, a plurality of micropillar 

15 arrays 220 are positioned in the path of fluid flow 134 in a series of stages. 

Referring now to Figure 4, when particles 132 of the second substance are 

channeled towards and/or positioned in close proximity to coating 228, filtration system 200 

moves into the second operational position. More specifically, in the exemplary 

implementation, coating 228 attracts particles 132 to micropillars 224. As particles 132 

20 increasingly accumulate on the surface of micropillars 224, the light directed through 

micropillar array 220 from light source 202 becomes increasingly blocked by the 

accumulation of particles 132. As such, the amount of light received at light sensor 204 

decreases accordingly. 

In some implementations, light sensor 204 is coupled in communication with a 

25 control system 206 that is configured to activate micropillars 224 when the luminous 

intensity of the light received at light sensor 204 decreases to a predetermined level. More 

specifically, when micropillars 224 are fabricated from piezoelectric material, control system 

206 selectively applies a voltage stimuli to micropillars 224 to activate them when the 

predetermined level is reached. In each exemplary implementation, the predetermined level 

30 of luminous intensity may be selected to be any suitable level that enables filtration system 

200 to function as described herein. 

In the exemplary implementation, control system 206 activates micropillar 

array 220 to transfer the accumulated particles 132 to particle repository 240. More 
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specifically, when the luminous intensity reaches the predetermined level, control system 206 

applies a voltage to bend micropillars 224 towards particle repository 240. In some 

implementations, micropillars 224 bend in a direction opposite the applied voltage. More 

specifically, the piezoelectric material responds to the applied voltage, which bends 

5 micropillars 224 in a direction opposite the applied voltage. Particle repository 240 removes 

particles 132 from micropillars 224 by overcoming a force of attraction therebetween. Once 

particles 132 have been removed by particle repositoiy 240, the luminous intensity detected 

by light sensor 204 increases above the predetermined level and control system 206 

deactivates micropillars 224 and returns them to their original orientation. 

10 Particle repository 240 is configured to remove particles 132 from micropillars 

224 by any suitable method that enables filtration system 200 to function as described herein. 

Exemplary suitable removal methods include, but are not limited to, a suction method, 

magnetic attraction, and removal by electrostatic repulsion. 

Figure 5 is a schematic illustration of a side view of an exemplary filtration 

15 system 300. In the exemplary implementation, filtration system 300 includes a housing 310 

and a cylindrical body 320 that rotates within housing 310. Housing 310 includes an inlet 

312 and an outlet 314 defined therein, wherein inlet 312 is defined adjacent to fluid flow 134 

and outlet 314 is defined adjacent to particle repository 240. In the exemplary 

implementation, housing 310 and inlet 312 are configured to block at least some particles 132 

20 and 134 from flowing past body 320. Further, micropillars 324 are circumferentially spaced 

about cylindrical body 320, and selectively remove particles 132 of a predetermined 

substance entrained in fluid flow 134. In some implementations, micropillars 324 include a 

coating (not shown) that attracts particles 132 thereto. 

In operation, particles 132 are attracted to micropillars 324 as fluid flow 134 is 

25 channeled past inlet 312. Micropillars 324 are reactive with and attract particles 132 of the 

second substance, and are unreactive with particles 130 of the first substance. Further, 

cylindrical body 320 rotates such that micropillars 324 having attracted particles 132 

collected thereon are moved out of alignment with inlet 312, and moved into alignment with 

outlet 314. Collected particles 132 are then removed by particle repository 240 through 

30 outlet 314. 

Particles 132 are removed from micropillars 324 by any suitable method that 

enables filtration system 300 to function as described herein. Exemplary suitable removal 

methods include, but are not limited to, a suction method, magnetic attraction, and removal 
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by electrostatic repulsion. Moreover, in one implementation, micropillars 324 are configured 

to have a length L2 that enables particles 132 to be removed by scraping a free end 326 of 

micropillars 324 against an inner surface 314 of housing 310 as cylindrical body 320 is 

rotated. As such, filtration system 300 continuously removes particles 132 from fluid flow 

5 134 with the rotation of cylindrical body 320. 

The filtration systems and method described herein enable selective removal 

of particles of a predetermined substance from a flow of fluid even when other particles in the 

fluid flow have a substantially similar size as the predetermined particles. In the exemplary 

implementations, the filtration systems include an array of micropillars that only react with 

10 particles of the predetermined substance. For example, in some implementations, the 

reaction between the particles and the micropillars is induced by either an electric field and/or 

a magnetic field, and the forces generated therefrom. The particles that react with the 

micropillars are then removed from the fluid flow by passing through exposed apertures 

defined in a filter media and/or by being deposited in a particle repository. As such, the 

15 filtration systems described herein selectively remove particles of the predetermined 

substance based on factors other than the size of the particles to be filtered. 

This written description uses examples to disclose various implementations, 

including the best mode, and also to enable any person skilled in the art to practice the 

various implementations, including making and using any devices or systems and performing 

20 any incorporated methods. The patentable scope of the disclosure is defined by the claims, 

and may include other examples that occur to those skilled in the art. Such other examples 

are intended to be within the scope of the claims if they have structural elements that do not 

differ from the literal language of the claims, or if they include equivalent structural elements 

with insubstantial differences from the literal language of the claims. 

-8-



WHAT IS CLAIMED IS: 
1. A filtration system comprising: 
a filter media comprising a plurality of apertures defined therein; and 
an array of micropillars, each said micropillar is substantially aligned with one of said 

plurality of apertures and is configured to be repelled by particles of a predetermined substance 
entrained in a fluid flow channeled through said filtration system, wherein an orientation of each 
said micropillar is selectively modified when stimuli is applied thereto, to enable the particles of 
the predetermined substance to flow through said filter media. 

2. The filtration system in accordance with Claim 1, wherein each micropillar comprises 
a free end that is sized to block a respective aperture when each micropillar aligns with a 
respective aperture of the plurality of apertures. 

3. The filtration system in accordance with Claim 2, wherein each said free end is 
displaceable from being aligned with each said aperture when said micropillar is repelled by the 
particles of the predetermined substance. 

4. The filtration system in accordance with Claim 2 or 3, wherein each of said plurality 
of apertures is exposed and unobstructed by one of said micropillars when said free end is 
displaced to enable the particles of the predetermined substance to flow through said filter media. 

5. The filtration system in accordance with any of Claims 1 to 4, wherein each 
micropillar of said array of micropillars is configured to substantially re-align with one of said 
plurality of apertures when the particles of the predetermined substance are removed through 
said filter media. 

6. The filtration system in accordance with any of Claims 1 to 5, wherein each 
micropillar of said array of micropillars comprises a coating configured to be repelled by the 
particles of the predetermined substance. 

7. The filtration system in accordance with Claim 6, wherein said coating comprises a 
substance having a charge that is the same as a charge of the particles of the predetermined 
substance. 

8. A filtration system comprising: 
a repository; and 
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an array of micropillars, wherein each said micropillar in said array is configured to 
attract particles of a predetermined substance entrained in a fluid flow channeled through said 
filtration system and transfer the attracted particles to said repository, wherein an orientation of 
each said micropillar is selectively modified when stimuli is applied thereto, such that the 
attracted particles are transferred to said repository. 

9. The filtration system in accordance with Claim 8 further comprising a light source and 
a light sensor positioned on opposing sides of said array of micropillars, wherein said light 
source directs light towards said light sensor through said micropillars. 

10. The filtration system in accordance with Claim 9, wherein said micropillars are 
configured to bend towards said repository when the attracted particles reduce an amount of light 
received at said light sensor to a predetermined level. 

11. The filtration system in accordance with Claim 10, wherein said micropillars are 
configured to return to an original orientation when the attracted particles are transferred to said 
repository. 

12. The filtration system in accordance with any of Claims 8 to 11, wherein each said 
micropillar in said array comprises a coating configured to attract the particles of the 
predetermined substance. 

13. The filtration system in accordance with Claim 12, wherein said coating comprises a 
substance having a charge that is opposite a charge of the particles of the predetermined 
substance. 

14. The filtration system in accordance with any of Claims 8 to 13, wherein said 
repository removes the attracted particles from said micropillars by overcoming a force of 
attraction between the attracted particles and said micropillars. 

15. The filtration system in accordance with any of Claims 8 to 14, further comprising: 
a housing that comprises an inlet and an outlet defined therein, wherein the outlet is 

positioned adjacent to said repository; and 
a cylindrical body configured to rotate within said housing, wherein said micropillars are 

circumferentially spaced about said cylindrical body and configured to collect the particles of the 
predetermined substance when said micropillars are aligned with the inlet and configured to 
release the particles when the micropillars are aligned with the outlet. 
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16. A method for filtering particles of a predetermined substance entrained in a fluid 

flow, said method comprising: 

positioning an array of micropillars in a path of the fluid flow; and 

applying stimuli to the micropillars to selectively modify an orientation of the 

micropillars and selectively remove the particles of the predetermined substance from the fluid 

flow. 

17. The method in accordance with Claim 16 further comprising configuring the 

micropillars to at least one of attract or be repelled by the particles of the predetermined 

substance. 

18. The method in accordance with Claim 16 or 17, wherein applying the stimuli to the 

micropillars comprises orienting the micropillars from a substantially straight configuration to a 

bent configuration when selectively removing the particles of the predetermined substance from 

the fluid flow. 

19. The method in accordance with Claim 18, wherein orienting the micropillars further 

comprises returning the micropillars from the bent configuration to the substantially straight 

configuration after the particles of the predetermined substance are removed from the fluid flow. 

20. The method in accordance with any of Claims 16 to 19, wherein positioning an array 

of micropillars comprises orienting the array such that the micropillars extend transversely with 

respect to a direction of the fluid flow. 
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