WO 2013/086498 PCT/US2012/068755

HIGH VISCOSITY IFF DEVICE DESIGN

[0801] The present application claims the benefit of priority of U.S. Provisional Patent
Application No. 61'568,882, filing date December 8, 201 %, of which is incorporated by
reference herein in its entirely.

{0002] The present invention relates to a device for tangential flow filtration (TFF),

More particularly, if relates to a feed screen for a TFF device used with high viscosity fluids.

Background of the Invention

[0003] Membrafie-based tangential flow filtration (TFF) cassettes are used for the
clarification, concentration and purification of fluid streams containing macromotecuies of
proteins. In TFF, the protein fluid is pumped iangentially along the surface of the membrane.
An applied pressure serves to force d portion of the feed stream through the membrane surface
to the filtration side. Particles and macromotecuies are retained to the retentate side The feed
flow along the length of channel between two membranes causes a pressure drop from the
feed to the retentate end of the channel. During concentration of a protein solution, the
pressure drop ifotti the feed side to the retentate side of the TFF cassettes increases with the
increase of soiution viscosity; meanwhile, flux, which is defined by the volume flow normalized
for membrane area it passes through, decreases as solution viscosity becomes higher.

[0004] Membrane spacers such as screens are an essential pari of TFF modules that
significantly influence the mass transfer performance and pressure drop. The screens are
turbulence generators that increase the mass transfer rate because of enhanced wall shear
stress and eddy promotion. However, they also increase the pressure drop down the channels
between the feed por {s} and the retentate port's).

[00G5] The TFF devices are available with different scfeens to accommodate feed
streams with low and high viscosity. Cassettes are available generally with a coarse screen
and a fine screen. Additionally, some cassettes are available with a "suspended" screen
consisting of a coarse screen placed between nonwoven shims to increase the distance
between the screen and the membrane surface,

[0006] During concentration of a protein soiution, for example, the final concentration js
now limited by either lhe discharge pressure of the pump (around 50 psi for a peristaltic pump),
or the pressure rating of the cassette or some other component in the system, say 8() or 90 psi.

As a result, it is difficult to obtain high final concentrations, say greater than 200 or 250 g/L

SUBSTITUTE SHEET (RULE 26)




WO 2013/086498 PCT/US2012/068755

[0007] With the current cassette designs. there is a large difference in performance
be'ween the coarse screen devices and the suspended screen devices. While the suspended
screen device does have a substantially lower pressure drop due to the opeft channel forffled
by the nonwoven spacer, (he mass transfer rate is severely reduced due to the open-channel
nature from the nonwoven spacers.

[0008] Some of these devicés appear lo be capable of handling high viscosity solutions
using a coarse mesh screen. Most have a performance 'hat has a high pressure drop. Some
have a slightly lower pressure drop due lo the use of a "suspended screen design containing a
gap” but they also suffer from lower mass fransfer at the high concentration.

{00(39] In order to allow operation to higher concentrations and higher viscosities, there
is a need to provide a cassette with reduced channel pressure drop while maintaining a
relatively high mass transfer rate.

[0010] The present invention provides an improved design of IFF devices to better

handle high viscosity streams.
Summary of Invention

[001'?] A device for the tangential filtration of liquids at high viscosities is taught. For a
given channel length and width (relatively fixed by the cassette design), one can decrease the
channel pressure drop by increasing the channel height or reducing the channel hydraulic
resistance. OFfle can increase the channel height by using a larger diameter fiber in the screen,
by Increasing the thickness of the molded border or rim on the overmolded screen or by using a
thicker nonwoven as a spacer in a non-cverrnolded screen. Since the screen is embossed into
the surface of the membrane, the effective channel height is aiso affected by the hardness of
the membrane as well as the fibers in the screen.

[001'2] It is an object of the present invention to provide 8 screen haying a length, a
width and a thickness between a first upper surface and a second lower surface, and the
screen having one or more features selected frofh the group consisting of a rim attached to an
outer periphery of the screen, wherein the rim is of a height of at least 2 mil to 8 mil above the
height of the first and second surfaces on each side of the screen; a twill weave design; a fiber
diameter of greater than 215 micron to 360 microns; an orientation of the warp of the screen b
flow direction of from =10 degrees or greater than +10 degrees to 100 degrees; a mesh count in
the screen from about 10.6 to about 20 1¥cm; a combination of a rim attached to an outer
periphery of the screen, wherein the rim is of a height of at leas! 2 mil b 8 mil above the height

of the first and second surfaces on each side of the screen and a fiber diameter of greater than
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215 microns {o 360 microns ; a combination of a rim attached to an outer periphery of the
screen, wherein the rin is of a height of at least 2 mil above the height 0f the first and second

surfaces on cach side of 'he screen , a fiber diameter of greater than 215 microns to 350
microns and A twill weave pattern; a combination ofa rim attached to an outer periphery of the
screen , wherein the hin 5 of a height of at least 2 IMil above the height of the first ard second

surfaces on cach side of the screen, a fiber diameter of greater than 215 microns to 380
microns; a combination of# rim attached to an outer periphery of the screen, wherein the rim is
of a height of at least 2 mil above the height of the first and second surfaces on cach side of
the screen, a fiber diameter of greater thapt 215 microns to 380 microns: and an orientation of
the warp oflhe screen to flow direction of from -1} degrees or greater than 110 degrees to 100
degrees; a cornbinaiion of a rim attached to af outer periphery ofthe screen, whercin the rim is
of a height of at least 2 mil above ihe height of the first and second surfaces on each side of
the screen, a fiber diameter of greater than 219 microns to 330 microns, an orientation of the
warp of the screen to flow direction of from -10 degrees cr greater thafl +10 degrees to 100
degrees and a mesh count in the screen from about 10.6 to about 20 n/cnri.

[0013] it is another object of the present invention to provide a screen has a rim
attached to an outer periphery of the screen, wherein the hm is of a height of at least 2 mil
above the height ofthe first and second surfaces on each side of the screen.

[0014] 1t is an additional object of the present Invention to provide a feed screen

wherein the screen has a twill weave design.

[0015] 1t is a further object of the present invention to provide a feed screen with a twill
weave design oftwo under and one over ifi the warp direction.

[00163 It iS another object of the preseni invention to provide a feed screen having a
fiber diameter ofgreater than 215 microns to 360 microns.

[0017] 1t is an additional object of the preseni invention to provide a feed screen
wherein ihe screen has an orientation of the warp of the screen to flow direction Cf from - 10
degrees or greater than +10 degrees to 100 degrees.

[0018] d is a further object of the present invention to provide a feed screen wherein
the screen has a combination of @ rim attached to an outer periphery of ihe screen,
wherein the rim is of a height of at least 2 mi! above the height of the first and second
surfaces on each side of the screen and a fiber diameter of greater than 2%§ microns to
360 microns

[0019] it i§ another object ofthe present invention to provide a feed screen wherein the

screen has a combination of a rim attached to an outer periphery ofthe screen, whereip
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th€ rim is of a height of at least 2 mil above the height cf the first and second surfaces on
each side of the screen, a fiber diameter of §rgaé ! than 215 microns b 360 microns and a
twill weave pattern,

[0020] Ii is an additions! object of the present invention io provide a feed screen
wherein the screen has a combination of a (Im attached to an cuter periphery of She
screen., wherein the nm is of a height of at least 2 mil above ihe height of the first and
second surfaces on each side of the screen, and a fiber diameter of greater than215
microns to 360 microns.

[0021] itis another object of the present invention to provide a feed screen wherein the-;
screen has a combination of a rim aftached to an outer periphery of the screen, wherein
the rim is of & height of at least 2 mil above ihe height of the first and second surfaces on
each side of the screen, a fiber diameter cf greater than 215 microns  to 360 microns ; alid
an orientation of the warp of the screen to flow direction of frof -10 degrees or greater
than +10 degrees to 10l) degrees.

(0022] 1t is a further object of the present invention to provide & feed screen wherein
the screen material is selected from ihe group consisting of poly propylene and
polyethylene terephthalate

{0023] it is an additional object of the preserit invention to provide a feed screen

wherein the screen has a mesh count from about 10.5 {o about 20 nfcm,

Brief Description of the Drawings

[0024] Figure 1shows pressure drop of TFF cassettes including those of the present
invention using different feed screens vs. the concentration of feed stream bovine gamma
globulin (BgG).

[0025] Figure 2 snows flux vs. the concentration of feed stream BgG of different feed
screens of TFF cassettes including those of the present invention.

(00261 Figure 3 shows mass transfer coefficient of TFF cassettes of different feed
screens including those of the present invention

[0027] Figure 4A shows a planar top down view of a feed screen according to the
present invention with rim border.

[0028] Figure 4B shows a cross-sectional view taken on iines 4A of the feed screen of
Figure 4A.

[0029] Figure 5 shows pressure drop vs. concentration of TFF cassettes using C
screen vs. C+3 screen of the present invention.
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[00301 Figure 8 shows flux vs. the concentration of IFF cassettes using C screen vs.
C+3 screen of the present invention.

[0031] Figure 7 shows pressure drop vs. concentration of | FF cassettes using PET C
screen and PET (;+3 screen of the present invention.

[0032] Figure & shows flux vs. concentration of 1 FF cassettes using PET G screen and
PET C+3 screen of the present invention.

[0033] Figure 9 shows pressure drop vs. concentration of TFF cassettes using different
screen orientate  of TFF cassettes including those of the present invention.

[0034] Figure 10 shows {lux vs. concentration of TFF cassettes using different screen
orientations flux vs. concentration of TFF cassettes using different screen orientations of TFF
cassettes including those f the present invention.

[0035] Figure 11 shows mass transfer coefficient of TFF cassettes of different screen
orientations of TFF cassettes including those of the present invention .

[0036} Figure 12 shows pressure drop vs. concentration of TFF devices designed with
inventive method.

[00371 Figure 13 shows flux vs. concentration of TFF devices designed with inventive
method.

[0038] Figure 14 shows mass transfer coefficient of TFF devices designed with
inventive method.

[0039] Figure 15 shows the ratio of pressure drop at 200g/L concentration to mass
transfer coefficient of TFF cassettes including those of the present invention.

Detailed Description of the Preferred Embodiments

[G040] Several approaches are possible under the present invention. For a given
channel length and width (relatively fixed by the cassette design), one can decrease the
channel pressure drop by increasing the channel height or reducing the channel hydraulic
resistance. One can increase the channel height by using a larger diameter ‘ﬁber in the screen,
by increasing the thickness of the molded border or rim on the overmolded screen or by using a
thicker nonwoven as a spacer in a non-overmckled screen, Since the screen is embossed Into
the surface of the membrane, the effective channel height is also affected by the hardness of
the membrane as well as the fibers in the screen.

[0041] The major part of the invention is focused on the ew design of the feed screen,
which is known to have a significant influence on both the mass transfer rale and pressure
drop, It includes inserting a new screen which has new features in mesh diameter, mesh

opening size, mesh count, weave pattern, screen thickness, and the like.

W
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[0042j In some embodiments according to the invention, 3 design for the increased i
height of the feed screen is provided to reduce |he pressure drop in the TFF channel, The rim
height 0? the teed screen is produced by overmo!ding the screen and the fim height is
determined by the feed screen mold.

[0043] The present invention also includes changing the oricntation oftric screens. The
screens are oriented at an angle to the tangential (low preferably about -10 degrees from the
flow dircction or *» than 10 degrees up ¢ about 100 degrees. The weave pattern of the screens
Is preferably a twill weave (over two, under one). By changing the oricntation ofthe screens.: it
will affect the 1luid dynamics in the channel and thus influence the pressure drop and mass
transfer.

[0044] The present invention also includes using a materia! thai is hard for the screen
such as polypropylenc or polyethylene ijcrephthalate.  Other materials  having  similar
hardnesses  would also be acceptable, i is preferred that the) screen be made of a
thermoplastic 0 it can be overmoided to a thermoplastic outer rim as described herein .

[0045] The combination of overmoided lm height above the surface of'the screen and
improved screen design provides a TFF device with significantly reduced pressure drop and
less reduced mass transfer cven at high viscosities. Typically, screens arc changed to improve
permeability at the expense of mass transfer. Conversion of the coarse screen 10 a screen of
the present invention with special scrcen design improves permeability by a factor of 2, but
reduces the mass transfer cocfficient {K} by 30%. The usc of a rim heigh! in the overmoided
screen of 3.5/1000 of an inch, provides improved permeability of the device by more than a
factor of 2, with a mass transfer coefficient 17% higher than achieved by simply changing the
screen.  The unique combination of art improved screen with the overmoided rtim height; can
further reduce the pressurc drop while maintaining a high mass !ransfer cocfficient. in this way,
novel materials with improved performance atiributed to a unique and surprising relationship
between permeability and mass iransfer as demonstrated by the pressure drop/mass  transfer
cocfficient ratios shown in Table 1.

[0048] The range of mesh diameter varics from 215 to 360 microns, and the mesh
coult varies from 20 to 10.6 n/em. The rim height of screens  varies from 2/1000 of an inch to
8/1000 of an inch oft cach side.

[0047] Figures 4A and 4B show a screen with the rim height detail of the present
invention. As shown in Figure 4A the screen has an outer rim formed and joined to its outer
periphery as will be described below in more detail. As shown, the screen 2 is to be used for a

TFF device having feed 4, retentaSe 6 and permeate 8 ports. A rim 1 is formed around the
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outer periphery of the screen 2. As shown for a TFF feed screen the permeate ports 8 are also
sealed off by the rim from the screen 2 and the feed and retentaie ports 4, 6 As shown in
Figure 48, the rim 10 and screen 2 are preferably bonded to each other and the rim 10
preferably has a height 14 greater than the thickness 1S of the screen 2. As shown the rim 10
has a height 14 of equal amount on each side of the screen 2.

[0048] The molded rim height 14 is formed by the molding or bonding of an inner
portion of lhe rim 10 fo the outer portion of the screen 2. Preferably , lhe rim 10 is injection
molded to the edge of the screen 2. The rim 10 fpay be formed on one or both sides of the
screen as desired. Preferably it 10 is formed as one injectlon-moided piece on both sides of
screen 2. To form such a outer rim 10, two molds each corresponding to a half of the finai
screen 2 with rim design are made afid placed on opposite sides of feed screen in alignment
with each other. Molten thermoplastic or other selected material Is then injected into either one
or both mold pieces and filis the- mold with the rim material, thus forming the desired rim 10 in
place on the screen 2

[0049J Aiternatively, if desired, the rim portion 10 may be pre-molded and the screen 2
attached lo the opening in the rim by various means such as adhesives or a mechanical
retention of the screen 2 such as by a press fit of the screen 2 within the opening of the rim 10
or by melt bonding the screen 2 into the rim 10.

[0050] Suitable materials for the rim 10 include but are not limited b thermoplastics,
such as polyethylene, polypropylene, EVA copolymers, alpha olefins and metallocene
copolymers, PFA, MFA, polycarbonate, viny! copolymers such as PVC. polyaroides such as
nylon, polyesters, aayfonitrile-butadienastyrene (AE!S), poiysulphone, poiyethersulpione,
polyarylsulphone, polyphenylstiphOrie, pofyacryionitriie, pciyvinylideae fluoride (PVDF), and
blends thereof, thermoplastic elastomers such Santoprene® polymer, EPDM rubber
the@rmosets such as closed cell foamed urethanes, and rubbers, either natural or synthetic.

[051] it is preferred that the material be a thermoplastic or thermoplastic elastomer so
as to allow for its use in the preferred method of this invention, injection molding. Preferred
thermoplastics include low density, linear low density, medium density and high density
polyethylene, polypropylene and EVA copolymers.

[0052] A module using a screen according to the present invention is typically formed
in the following manner; a screen, preferably a feed screen is formed with a rim. preferably a
thermoplastic rim that extends above at least one, preferably both of the rnajor surfaces of the

screen.
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[0053] in a tangential flow filtration apparatus using the screen of the present invention,

the feed, retentate and filtrate ports are arranged $SC that the incoming fluid fesd to the

apparatus enters at least ofte feed channel, passes thrcogh the feed screen layer's) and either

passes through a membrane to form a filtrate stream or is retained by a membrane to form a

retentate stream. The retentate stream is removed from the device through the one or more

retentate ports and the filtrate stream is removed through the one or mote filtrate ports. If

desired, one or More filtrate inlet ports and one or more filtrate outlet ports can be formed so

that some filtrate is recycled to the filtrate layer inlet port io effect tangential flow on the filtrate

side. This may also be done on the retentate side instead of on the filtrate side of on both sides

to increase tangential flow efficiency of the device.

transmembrane pressure within the device.

By doing so, one May control the

10054J) Table 1. Pressure drop vs. Mass transfer coefficient for inventive method

compared to current state of the art. Screen characteristics (A. C, D2 and D3 ) are listed in

Table 2 below.
i Pressure Drop at 200 |
g/l bovine gamma Mass Transfer Ratio of Pressure
|
Device globutin (ByG) and 8 Coeflicient & i Dropto Mass
i LMH ¢ross fiow rate {LMH) Transfer Coefficient
4 (si) ;
Sartorius Hydrasart 5781 208 b 28
Standard Device with —
17 295 49
C Screen
Standard Device with .
. 82.5 231 27
02 Screen
Standard Device with w o
\: 16 ? o
D3 Screen 26
Inventive Device with
C Screen with
) h - 50 234 21
increased rim height |
only ?
Inventive Device with |
- D2 Screen with larger 43 223 1.9
mesh diameter,
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" smaller mesh count

} and increased Nim 1
i ;

height

- %
inventive device with
i D3 Screen with larger
mesh diameter,
23 16 1.4
smaller mesh count

and increased rim

height (predicted)

{0055j it various embodiments, the claimed features are useful to reduce the pressure
drop frort! the feed ports to the retentate ports and in the meanwhile, remain good mass
transfer performance, A device where the ratio of pressure drop at 200 g,’l. bovine gamma

globulin (BgG) o the mass transfer coefficient is < 2.2 is preferred.

Examples

[C056] Example 1: Comparison of different feed screen.

[0057] A screen and C screen are currently used m. Pellicon® 3 cassettes. To
accommodate feed streams with high viscosity, @ new screen is introduced in the TFF
cassettes. The new screen herein called the D2 and D3 screens have a larger wir¢ diameter,
less mesh count, grealer mesh opening, and larger screen thickness than traditional screens.
The weave pattern of D2 and D3 screens are twill weave (over two under one) and the material
used for ail the screens is polypropylene (PP). The comparison of D2, 03, A, C screens are

shown in Table 2.All cassettes are Ullracel® 30kD 0,1 1mZ TFF devices.

[0058} Table 2: Comparison of Physical Properties A, C, 02 and D3 screens of

Table 1
Avg
Mesh  Open Mesh Wire Basis 3ulk Void
Screen opening Area Count Diameter Weight Thickness density Fraction
micron %  tiom  micron g/m2 micron Q'cm3  fraction
A 287 34 20 215 125 420 0 298 0,67
C 350 32 16.2 270 160 515
.D2 ‘i 500 3677712270 340, 180 610"
#D3.x’ 4580 32 106 380 170 645
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The performances of different screens are shown in Figure 1-3.

[o 059] Example 2: influence of feed screen with different rim height.

f0(j§0) Feed screen wilh an increased fim height is used in the TFF cassettes as
shown in Figures 4A and 48 and discussed above. The standard current standard rim height
of a C screen is 2/1000 inch of each side. The C screen with an increased rim height of
3.5/1000 inch of each side, or the “(+3 screen"”, is used to replace standard C screen, and the
results for both C screen and C+3 screen are shown for comparison. Aii cassettes are using
Ultrace!® 30kD membrane. Results show that increased rim height of feed screen gives rise to
decrease of almost 60% pressure drop and also tiux decreased &bOWi 20%, The mass transfer
coefficients for devices with C screen and C+3 screen are 29.5 and 234, respectively. The
performances are shown in Figures 5 and &.

10061] Example 3. increased rim height works on feed screens of different materials.

[0062) The effect of different rim height screens is applicable for screens of different
materials. Instead of polypropylene (PP) screens, Polyethylene terephthalate (PET) screens
with different rim heights are evaluated in the TFF cassettes, Results show thai an increased
rim height of PET screens has a similar effect on TFF device performance with PP screens,
shown in Figure 7 and 8. The mass transfer coefficients for devices with PET G screen alid
PET C+3 screen are 17.1 afld 15.5, respectively. All cassettes are using Biomax® 30kD
membrane.

[0063) Example 4: Increased rim height works on difféent membranes.

[0064] increase the rim height of feed screen can significantly lower the pressure drop
which works on different membranes. The hydraulics tests of micro TFF devices of Uitracel®
30kD and BioMax® 36kb membranes using C screen and C+3 screen are shown in Table 3.
The pressure drop of wafer for both membrane devices using different screens validates that
increase screen rim heighi is AN effective and practical method to reduce pressure drop when

handling high viscosity feed stock.
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[0065] Table 3: wafer pressure drop of TFF devices for Siomax® 30kD and Uitracei®

30kD membranes using C and C+3 screen.

| Mambrmed Fead Soveans § O Te(;ts}waler Membrans | Feed Screens | & Te{;tq-i-)water
'l N M e e
5.5 ]
8.5 :
G 3 e !
Biomax @ 39 Ullracel® |
30D T A | §
2'1 . B T TP R ——
k) 55
it L ~an i0
C3 13 e 56
1.9 i 84

[0066] Example 5: effects of feed screen orientation.

[0067] The weave pattern of feed screen is twill weave (over Iwo uhder one). Changing
the orientation of screen relative to flow direclion will influence the obstruction to the channel
and thus influence dissipating energy. Effects of feed screen orientation are evaluated using
Biomax® 30kD membrane and C+3 feed screen. Angles relative to the flow direction of -10",
10°, 22° 45°, §0° and 100° are chosen, Results are shown in Figure 9to 11.

[0068} Example 6. Predicted performance of Screen, Rim Height and Screen
Orientation

[0069] The combination of rim height, screen design and optimized screen orientation
provides a UF device with significantly reduced pressure drop and iess reduced [I:ass transfer.
Predicted performance of such devices using Uitracei® 3UkD membranes is shown in Ficures

12 to 15. All predictions are based on Uitracei©® 30kD membrane, PP screen material and 10

degree screen orientation.

t
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Claims

What we claim:

1) A feed screen for s tangential flow device comprising a screen having a length, a width
and g thickness between a first upper surface and a second lower surface, and the
screen having one or more features selected from the group consisting of a rim
attached to an outer periphery of the screen, wherein the rim is of a heighl of at least -
mil to 8 mil above the height of the first and second surfaces on each side of the
screen; a twill weave design; a fiber diameter of greater thali 215 micron to 360
microns; &h orientation of the warp of the screen io fiow direction of from -1 degress
or greater than +10 degrees to 1J0 degrees; a mesh count in the screen from about
10.6 to about 20 n/cm; a combination of a rim attached to an outer periphery of the
screen, wherein the rim is of a height of at least 42 mil to 8 mil above the height of the
first and second surfaces on each side of the screen and a fiber diameter of greater
than 215 microns io 360 microns ; a combination of a rim attached fo an outer
periphery of the screen, wherein the rim is of a height of at least 2 mil above the height
of the first arid second surfaces on each side of the screen, a fiber-diameter of greater
than 215 microns to 360 microns and a twill weave pattern; a combination of a rim
attached to an outer periphery of the screen, wherein the rim is of a height of at least 2
mil above the height of the first and second surfaces on each side of the screen, a fiber
diameter of greater than 215 microns to 36{ microns; a combination of a rim attached
to an outer periphery of the screen, wherein the rim is of g height of at least 2 mil
above the height of the first and second surfaces on each side of the screen, a fiber
diameter of greater than 215 microns to 360 microns; and an orientation of the waip of
the screen to flow direction of from -10 degrees or greater than +10 degrees to 100
degrees; a combination of a rim attached to an outer periphery of the screen, wherein
the rim is of a height of at least 2 mil above the height of the first and second surfaces
ot each side of the screen, a fiber diameter of greater than 215 microns to 380
microns, an orientation of the warp of the screen to flow direction of from -1{) degrees
or greater than +10 degrees t0 100 degrees and a mesh count in the screen from

about 10.6 to about 20 n/cm.
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2) The feed screen of claim 1 wherein the screen has a rim attached to an outer periphery
of the screen, wherein the rim is of a height of at ieasi 2 nil above the height of the first
and second surfaces on each side of the screen.

3} The feed screen of claim 1wherein the screen has a twill weave design.

4) The feed screen of claim 1 wherein the screen has a twill weave design of two under
and one over in ihe warp direction.

5) The feed screen of claim 1wherein the screen has a fiber diameter of greater than 215
microns to 360 microns .

6} The feed screen of claim 1 wherein the screen has al orientation of the warp of the
screen to flow direction of from -10 degrees or greater than +10 degrees to 100
degrees.

7) The feed screen of claim 1 wherein the screen has a combination of a rith attached to
an outer periphery of the screen, wherein the rim is of a height of at least 2 mil above
the height of the first and second surfaces on each side of the screen and a fiber
diameter of greater than 215 microns to 360 microns

8) The feed screen of claim 1 wherein ihe screen has a combination of a rim attached to
an oufer periphery of the screen, wherein the rim is of a height of at ieast 1 mil above
the height of the first and second surfaces on each side of the screen, a fiber diameter
of greater than 215 microns to 360 microns and a twit! weave pattern.

9) The feed screen of claim 1 wherein the screen has a combination of a rim attached 0
an outer periphery of the screen, wherein the rim is of a height of at least 1 mil above
the height of the first and second surfaces on each side of the screen, and a fiber
diameter of greater than21 5 microns to 360 microns.

40) The feed screen of claim 1 wherein the screen has a combination of a rim attached to
an outer periphery of the screen, wherein the rim is of a height of at least 1 mil above
the height of the first and second surfaces on each side of the screen, . a fiber diameter
of greater than 215 microns to 360 microns ; and an orientation of the warp of the
screen to flow direction of from -10 degrees or greater than +10 degrees to 100
degrees.

11) The feed screen of claim 1 wherein the screen materia! is selected from the group
consisting of polypropylene and polyethylene iersphthaiate.

12) The feed screen of claim 1 wherein the screen has a mesh count from about 10.6 to

about 20 nicm.
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