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PATENT

S8CRIM INSERTED ELECT#OSTATIC FIBROUS FILTER WEB

Background and Field of the Invention"

The present invention relates to a process
for forming an electret nonwoven filter and products of
such a process.

Nonwoven webs of electret fibers are
typically formed of loosely associated fibers. The .
filters can be electrostatically charged prior to, ~
during, or after, being formed into a nonwoven_wébq
For example, post-formation charging is described in
U.s. Patent No. 4,588,537 which charges a lofty ;€;  |
nonwoven web formed by a variety of methods incldding 
carding and melt blowing. The webs are charged while
under compression and then permitted to return to their
original loft. This patent states that precharged
fibers are preferably bipolar so that they tend to
resist crimping which is avoided by pre;crimping when
using the charging method of this patent.

Fibers can also be charged while they are
being formed, as disclosed in Kubik et al., U.S. Patent
No. 4,215,682, where melt-blown fibers are bombarded by
ions or electrons immediately after being extruded from
the melt-blowing orifices. The fibers solidify
extremely rapidli in the atmosphere and are collected
as a semi-coherent mass of entangled microfibers. The
webs are described as preferably open to provide a low
pressure drop for liquid passing through the filter.

A particularly effective method of forming a
nonwoven electret fiber filter is described in U.S.
Reissue Patent No. 30,782 (Van Turnout et al.). The
electret fibers in this patent are formed from a corona
charged film that is fibrillated to form the charged
fibers. The charged fibers can then be formed into a
nonwoven web by common methods such as carding or air
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high density of injected charges. However, problems
are encountered with forming webs from these precharged
fibers. The fibers are generally quite large and
uncrimped. They also have a resistance to bending.

Due in part to these properties, the fibers resist
formation into a uniform coherent web, particularly at
low basis weights. This problem is partially addressed
in U.s. Patent No. 4,363,682, which proposes the use of
such filibrated fiber webs in face mask applications.
In order to provide a more coherent web, as well as one
that resists shedding fibers, this patent proposes a
post-embossing treatment. This post-embossing welds
the outer surface fibers together allegedly providing a
more coherent and comfortable web for use as a face
mask. However, this treatment will also tend to result
in a more condensed web, which would increase pressure
loss over the filter.

Brief Description of the Invention

A uniform electret fiber web filter is
obtained by forming a web of charged fibers, placing
the charged fiber web onto an open, substantially non-
extensible, scrim support material, and then needle-
punching the composite material to provide a highly
uniform filter web.

Brief Description of the Drawing

Fig. 1 is a schematic representation of a
preferred process arrangement accordlng to the
invention method.

Fig. 2 is a plot of percent reduction in
three properties coefficient of variability versus
nominal basis weight for invention filters and
comparable filters without the use of scrims.

Detalled Description of the Preferred Embod;ments

il




Fbr exénple, post-formation charging is described in U S. Patent-No- - -
4,588,537 which charges a | ofty nonwoven web fornmed by a varief@50$hﬁ%tH$@§mEﬁ
isncludi ng carding and nelt blowi ng. The webs are charged whilf und®EPLACED

conpression and then permitted to return<@their original loft. This
patent states that precharged fibers are preferably bipolar so that they
tend to resist crinping wRigh lsreppededtsyanr apparatiusy arrangesient the

chargi ng nethodeg ornégééggégﬁngoseHrFﬁent Ehggh%lgﬁqU?gi%bqaﬁ¥¥Yf§¥de”le

they are belng tent
fibers are formed into a nonwoven web 10 by card 2.

The web can then be feed to a randomizer 3 to increase
5 basis weight. The randomizer would typically be a set
of intermeshing metallic wire (e.g., V-grooves)
rollers. Additionally, a second web (not shown) could
be taken off card 2, treated likewise, and then joined
to web 10. This allows for greater flexibility in the
10 choice of basis weights. The scrim 11 is fed from a
supply roll 4 onto the filter web 10. However, the
scrim 11 could also be fed upstream of the card 2' so
that the web 10' is laid onto the scrim 11. 1In a
preferred arrangement, a second card 2' is used so that
15 the scrim is a center layer between two outer nonwoven
filter layers. This is shown in Fig. 1 by a second
card arrangement with identical numbering. Likewise, a
second web could be taken off card 2' and joined to web
10'. The two webs 10 and 10' can be of differing basis
20 weights. The use of two webs provides particularly
uniform filter webs of low variability.

The precharged fibers are preferably formed
by the method described in U.S. Patent Reissue Nos.
30,782 and 31,285. The fibers, as such, are formed

25 from an electrostatically charged (e.g., by a corona
discharge electrode) film that has been fibrillated to
provide fibers with a substantially rectangular cross-
section. |

The web 10 and scrim 11 are then fed to a

30 needling station 5 where the web 10 is joined to the
scrim by the action of the needles to form the filter
web 12. The needles will preferably penetfate a web
layer first to transversely displace fibers securely
down into the scrim and promote the fibers to interlock

35 the scrim, and in the preferred arrangement with fibers
of an underlying web 10'. The needles can be arranged
to penetrate the filter web 12 composite between about
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No. 4,215,682, where nelt-blown fibers are bonbarded by ions ar_electrons

i medi ately after being extruded fromthe nelt-blow ng orifioeﬂﬁgﬁﬁggﬁi@g{%ﬁﬁ%ﬁ
solidify extrenely rapidly in the atnosphere and are coll ectgd as E?*C?é -
sem - coherent nmass of entangled mcrofiberd =The webs are dedet -
preferably open to provide a | ow pressure droP for liquid passing through
the filter. 10 and A3Qarpenetnatjonsf peri en’netHowewdr f drahglhegra nonwoven
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increasing pressure loss through the filter. .
Preferably, the neediiﬁg is less than 75 penetrations

5 per cm’. The needle-punched joined composite is then
collected on take-up roll 6 for subsequent converting.
Webs typically formed from carding operations
are anisotropic with larger amounts of fiber
orientation in the machine direction, which generally
10 allows for web-handling stability in this direction.
However, lower basis weight webs are less easily
handled. A practice in the past to improve nonwoven
web handleability has been to needle-punch the webs to
increase interfiber bonding. However, generally this
15 has been found to be disruptive to electret web
uniformity. This disruption in web uniformity has been
found to be particularly problematic when a randomizer
is used to increase the web nominal basis weight.
Unexpectedly, it has been found that the use
20 of needle-punching treatments on an electret '
fibrillated nonwoven web can significantly increase the
electret web uniformity when the web is needled to an
underlying scrim support. Particularly good uniformity
results are obtained where two webs are needled to a
25 scrim between the two webs. The coefficient of
variability of these scrim supported filter webs

decreases remarkably compared to similar webs prepared
without the scrim support.
The scrim material can be any known

30 reinforcement scrim, woven or nonwoven. Nonwoven
scrims are generally preferred in terms of cost and
.degree of openness. The scrim material is also
preferably polymeric, and for purposes of
recyclability, preferably formed of a polymer

35 compatible with the material of the electret nonwoven
web. A scrim of nonwoven material will generally be
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charged filmthat is fibrillated to formthe charged fiberT-4Hm&4H%y4¥ai___-
fibers can then be forned into a nonwoven web by conmpn nef ﬂﬂlﬁssﬁﬁEﬁHAS BEEN
carding or air : b REPLACED

treated to increase tensile properties such as by
thermoembossing, calandaring, sonic bonding, binder
fibers or the like. Ajtypical scrim material would be
a spunbond polypropylene nonwoven web.

5 The precharged electret fibers are preferably
formed from a dielectric film that is capable of being
corona charged and then fibrillated. Suitable film
forming materials include polyolefins, such as
polypropylene, iinear Iow density polyethylene, poly-1-

10 butene, polytetrafluoroethylene,
polytrifluorochloroethylene; or polyvinylchloride;
aromatic polyarenes; such as polystyrene;
polycarbonates; polyesters; and copolymers and blends
thereof. Preferred are polyolefins free of branched

15 alkyl radicals and copolymers thereof. Particularly
preferred are polypropylene and polypropylene
copolymers. Various functional additives known in the
art can be blended with the dielectric polymers or '
copolymers such as poly(4-methyl-l-pentene) as taught

20 in U.S. Patent No. 4,874,399, a fatty acid metal salt,
as disclosed in U.S. Patent No. 4,789,504, or
particulates, as per U.S. Patent No. 4,456,648.

The disclosed process is also seen as
applicable to other methods of formind charged fibers

25 into webs include air laying, electrostatic deposition,
Rando webs and the like. Like problems with forming
charged fibers into uniform webs are encountered with
these web formation methods.

30 Examples /‘/5/
A fibrillated nonwoven flber web was made
according to the apparatus descrlbed in FIG. 1 using a
randomizer and a scrim (Examples 01—C5) The scrim was
sandwiched between two webs from cards 2 and 2!. The
35 fibers were polypropylene fibrillated electrets formed
-according to U.S. RE No. 30,782. These webs were
compared to similar webs without an inserted scrim.
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-2- laying. This charging method provides a particularly high density of

I njected charges. However, problens are encountered with forﬁﬂgg&ﬂﬁﬂsﬁisdﬁiw
these precharged fibers. The fibers are generally quite |arjge an®epiACED
uncrinped. They also have a resistance to gending. Due in pa#%~+e—%k%se-———-
properties, the fibers resist formation into a uniform coherent web;

particularly ahphd QYdedtien WRirdH SvasTh comddeial by pawaibabyeaddressed in

U S. Patent No. 4, 363 68 _— _
fiber webs in F&’é’é‘ s‘-alqv‘hl o prOposbas1shewéJiS§ht?fof Sa%:gu{:' ibbrat ed

gram/m? (Lmtra811", available from Karl Freudenberg,

Kaiserslautern, Germany).

5 The basis weight (BW) of the webs were
determined by weighing a disc with an area of 100 cm?
.and converted to grams/h?. The penetration and the .
pressure drop of the media was measured on a TSI
Automatic Filter Testing machine type 8110, TSI Inc.,

10 Minneapolis, MN, based on a test area of 50 cm? and an
air velocity of 0.2 m/s. The air contained an NacCl
aerosol where the penetration is the ratio of NaCl
concentration downstream and upstream of the filter
divided by 100. The Coefficient of Variation (CoOV),

15 defined as the ratio of the standard deviation and the
basis weight, was calculated from a sampling of web
properties of at least 7 locations on the web. The
results are given in Tables 1 and 2.

The Quality Factor Q is defined
20 mathematically by the expression
_ -1n(%P/100) '
- AP

25 where %P is the percent penetration, AP is the pressure
drop in Pascal, and ln indicates the natural logarithm.
This value is always positive and increases with
reduced penetration. Conversely, as pressure drop
increases, the Q value is reduced. Q is generally an

30 index which is independent of the basis weight. Thus,
Q may be used to compare the filtration performance of
webs of different basis weights.
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The basis weights were adjusted to exclude the nonwoven scrim.
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i hvention net hod, Fig. 2 is a plot of percent réﬂugt.;7
properties coefficient of variability versus nom nal basig wei gj
invention filters and conparable filters w thout the use G :

- g =

The COV values for comparable basis weight

_ webs decreased significantly for the invention example

5

10

15

webs 1-11 compared to similar webs produced without
reinforcement scrims (Comparative examples C1-C5). The
most significant reductions in COV values were noted
for lower basis weight webs (e.g., less than about 120
g/m?). This improvement is graphically summarized in
Fig. 2 where the y axis represents the % reduction in
COV of the scrim inserted examples compared to the non-
scrim examples. The x axis designates the nominal
basis weights of the webs compared. The A columns
represent the basis weight, the B columns the
penetration, and the C columns the pressure drop.

The various modifications and alterations of
this invention will be apparent to those skilled in the
art without departing from the scope and spirit of this
invention, and this invention should not be restricted
to that set forth herein for illustrative purposes.
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ents an apparatus arrangenent 1 for practicing
the presentmm ‘ﬂ leijhﬁfl brillated fibers are forned an
web | ayer filter web layer 10 can then He b Es 1 HAS BEEN |
random zer 3 to increase basis wei ght. FhdoOrandoni zer woulld typREBLAGEDbe a ,

set of interneshing netallic wire (e.g., V-grooves)
: I claim:

1. A method for forming an electret
nonwoven filter web comprising the steps of
5 a) providing electrostatically. charged
dielectric fibers,
b) forming the electrostatically charged
fibers into at least one nonwoven filter web (10)
characterized by,
10 c) joining the at least one filter web to a
reinforcement scrim (11), and
d) needle punching:(S) the at least one
filter web (10) and reinforcement scrim (11) to
form a filter web (12) with uniform properties
15 across the web.

2. The method of claim 1 wherein the
electrostatically charged fibers are formed by
fibrillation of an electrostatically charged web.

20 '

3. The method of claim 2 wherein the fibers

have substantially rectangular cross-sections.

4. The method of claim 1 wherein the
25 reinforcement scrim (11) is an inner layer between two
outer filter web layers (10, 10').

5. The method of claim 1 wherein the at
least one nonwoven filter web (10) is formed by
30 carding.

6. The method of claim 5 further comprising
randomizing the carded filter web (10) prior to joining
with the scrim reinforcement (12).

35 '
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rollers. Additionally, a second filter web (not shown) coy
card 2, treated Tikewi se, and then joined to web | ayer 10.

Pr §ﬁlﬂl ORI Gt o che”t T eor web hayer 10. HIQEVZL’,' |

couli & sd b# fed upstreamof the card 2' so that the fulter web 10" is

l'aid onto the scrim 11. bn a mhefmemm@damﬁamggnmmtyu g _tﬁgpr|s
used so that the scrim qenter | §§ %?: ='”"" VEHQT'|ter
layers. This |48 sﬁoRﬂ RrEPg efebyo& ggb rrangenen mnth i-denti cal

nunberi ng. Li ksorim reinforcement is a spunbond polypropylene polymer
or copolymer nonwoven.

8. A uniform electret nonwoven filter
comprising at least one nonwoven filter web (10) of
electrostatically charged dielectric fibers
characterized in that the web (10) is joined to a

10 reinforcement scrim (11) by needlepunching.

9. The electret nonwoven filter of claim 8
wherein the dielectric fibers are fibrillated from an
electrostatically charged film of a film forming

15 polymer.

10. The electret nonwoven filter of claim 9
wherein the fibers are polypropylene polymers or
copolymers. '

20

11. The electret nonwoven filter of claim 8
wherein the reinforcement scrim (11) is a center layer
between two outer layers (10, 10') of the nonwoven
filter web.

25

12. The electret nonwoven filter of claim 8

wherein the nonwoven filter web (10) is a carded web

13. The electret nonwoven filter of claim 12
30 wherein the nonwoven filter web (10) is randomized.

14. The electret nonwoven filter of claim
8 wherein the nonwoven web material has a total basis
weight of less than 120 gm/m’.
35
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second filter web coul d be taken offﬂpggd,%ghand joined to filter web 10'.
The two filter web layers 10 and 10' can be of differi ng basis weights. The
use of two filter web | ayers provides particularty uniform fd+tersueh of

| ow variability. The prechargediziers are pref ef by SHEETrASOBEEN
the method described in U S Patent Reissue Nos. 30,782 andj31, 28R¢piEneED

fibers, as such, are formed froman el ectrostatically charget—teg—by—a
corona di scharge electrode) filmthat has been fibrillated to provide
fibers with a substantially rectangul ar cross- section.

SCRIM INSERTED ELECTROSTATIC FIBROUS FILTER WEB

Abstract of the Disclosure

Provided is a nonwoven web of eléctrically charged
fibers needle-punched to a scrim support. This web
provides a filter medium having increased uniformity in

10 pressure-drop, basis weight and filtration performance.

WJIBAPP13/48024PCT.APP
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The filter web layer 10 and scrim 11 are then fed to a needling station.h

where the filter web layer 10 is joined to the scrimby t %H?S:tQHEETQfﬁS‘LBEEN
needles to formthe filter 12. The needles w Il preferabl penehﬁ
| ayer first to transversely displace fibers securely down {iLnto %) cnr-

and pronote the fibers to interlock the!jiﬁrim and in the preferred
akrangenent with fibers of an underlyin ilter web layer 10'. The needl es
can be arranged to penetrate the filter 12 conposite between about

Fic.1
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-4- 10 and 30 spenetrations per cnferr]. However, higher needling
densities tend to conpact the filter 12,
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i ncreasi ng pressure Eqagmghrough the filter. Preferéifg? t he freedt

is then ¢ ke-up roll 6 for T ti ngj
Webs typi om car di ng opera.?gﬁggggﬂgéiﬁh pi C tﬁ—j UGeR9s
amounts of fiber orientation in the machLne.di __Wwhifch peperal |y

allows for web-handling stability in thils Wi rection. However,| | ewer—basts
wei ght webs are less easily handled. A practice in the past tp inprove

nonwoven web handl eability has been to needl e-punch the webs (0

SCRIM INSERTED ELECTROSTATIC FIBROUS FILTER WEB

s Background and Field of the Invention

The present invention relates to a process
for forming an electret nonwoven filter and products of
such a process.

Nonwoven webs of electret fibers are

10 typically formed of loosely associated fibers. The
filters can be electrostatically charged prior to,
during, or after, being formed into a nonwoven web.
For example, post-formation charging is described in
U.S. Patent No. 4,588,537 which charges a lofty

15 nonwoven web formed by a variety of methods inélﬁding
carding and melt blowing. The webs are charged while
under compression and then permitted to return to their
original loft. This patent states that precharged
fibers are preferably bipolar so that they tend to

20 resist crimping which is avoided by pre-crimping when
using the charging method of this patent. |

Fibers can also be charged while they are
being formed, as disclosed in Kubik et al., U.S. Patent
No. 4,215,682, where melt-blown fibers are bombarded by

25 ions or electrons immediately after being extruded from
the melt-blowing orifices. The fibers solidify
extremely rapidly in the atmosphere and are collected
as a semi-coherent mass of entangled microfibers. The
webs are described as preferably open to provide a low

30 pressure drop for ligquid passing through the filter.

A particularly effective method of forming a
nonwoven electret fiber filter is described in U.S.
Reissue Patent No. 30,782 (Van Turnout et al.). The
electret fibers in this patent aré formed from a corona

35 charged film that is fibrillated to form the charged
fibers. The charged fibers can then be formed into a

" nonwoven web by common methods such as carding or air
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high density of injected charges. However, problems
are encountered with forming webs from these precharged
fibers. The fibers are generally guite large and
uncrimped. They also have a resistance to bending.

Due in part to these properties, the flbers resist
formation into a uniform cocherent web partlcularly at
low basis weights. This problem is partially addressed
in U.S. Patent No. 4,363,682, which proposes the use of
such filibrated fiber webs in face mask applications.
In order to provide a more coherent web, as well és one
that resists shedding fibers, this patent proposes a
post-embossing treatment. This post-embossing welds
the outer surface fibers together allegedly providing a
more coherent and comfortable web for uée_ésua"face
mask. However, this treatment will also tend to result
in a more condensed web, which would increase pressure
loss over the filter.

Brief Description of the Inveﬁtion
A unifqrm electret fiber web filter is

obtained by forming a web of charged fibers, placing
the charged fiber web onto an open, substantially non-
extensible, scrim support material, and then needle-
punching the composite material to provide a highly.
uniform filter web.

Brief Description of the Drawing
Fig. 1 is a schematic representation of a

preferred process arrangement according to the
invention method. '

Fig. 2 is a plot of percent reduction in
three properties coefficient of variability wversus
nominal basis weight for invention filters and
comparable filters without the use of scrims.

Detailed Description of the Preferred Embodiments
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Fig. 1 represents an apparatus arrangement 1
for practicing the present invention. The fibrillated
fibers are formed into a nonwoven web 10 by card 2.

The web can then be feed to a randomizer 3 to increase
basis weight. The randomizer would typically be a set
of intermeshing metallic wire. (e.gq., V-grooves)
rollers. Additionally, a second web (not shown) could
be taken off card 2, treated likewise, and then joined
to web 10. This allows for greater flexibility in the
choice of basis weights. The scrim 11 is fed from a
supply roll 4 onto the filter web 10. However, the
scrim 11 could also be fed upstream of the card 2' so
that the web 10' is laid onto the scrim 11. in a
preferred arrangement, a second card 2' is USed_so that
the scrim is a center'layer between two outer nonwoven
filter layers. This is shown in Fig. 1 by a second
card arrangement with identical numbering. Likewise, a
second web could be taken.off card 2' and joined to web
10'. The two webs 10 and 10' can be of differing basis
weights. The use of two webs provides particularly

‘uniform filter webs of low variability.

The precharged fibers are preferably formed
by the method described in U.S. Patent Reissue Nos.
30,782 and 31,285. The fibers, as such, are formed
from an electrostatically charged (e.g., by a corona
discharge electrode) film that has been fibrillated to
provide fibers with a substantlally rectangular cross-
section. .

The web 10 and scrim 11 are then fed to a
needling station 5 where the web 10 is joined to the
scrim by the action of the needles to form the filter
web 12. The needles will preferably penetrate a web
layer first to transversely displace fibers securely
down into the scrim and promote the fibers to interlock
the scrim, and in the preferred arrangement with fibers
of an underlying web 10'. The needles can be arranged
to penetrate the filter web 12 composite between about
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10 and 300 penetrations per cm’. However, higher
needling densities tend to compact the filter web 12,
increasing pressure loss through the filter.
Preferably, the needling is less than 75 penetrations
per cm’. The needle-punched joined comp051te is then
collected on take-up roll 6 for subsequent converting.

Webs typically formed from carding operations
are anisotropic with larger amounts of fiber
orientation in the machine direction, which generally
allows for web-handling stability in this direction.
However, lower basis weight webs are less easily
handled. A practice in the past to improve nonwoven
web handleability has been to needle-punch the webs to
increase interfiber bonding. However, generally this
has been found to be disruptive to électfé; web
uniformity. This disruption in web uniformity has been
found to be particularly problematic when a randomizer
is used to increase the web nominal basis weight.

Unexpectedly, it has been found that the use
of needle-punching treatments on an electret
fibrillated nonwoven web can significantly increase the
electret web uniformity when the web is needled to an
underlying scrim support. Particularly good uniformity
results are obtained where two webs are needled to a
scrim between the two webs. The coefficient of
variability of these scrim supported filter webs
decreases remarkably compared to similar webs prepared
without the scrim support.

The scrim material can be any known
reinforcement scrim, woven or nonwoven. Nonwoven
scrims are generally preferred in terms of cost and
degree of openness. The scrim material is also
preferably polymeric, and for purposes of
recyclability, preferably formed of a polymer
compatible with the material of the electret nonwoven

web. A scrim of nonwoven material will generally be
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thermoembossing, calandaring, sonic bonding, binder
fibers or the like. A typical scrim material would be
a spunbond polypropylene nonwoven web.

The precharged electret fibers are preferably
formed from a dielectric film that is capable of being
cordna charged and then fibrillated.; Suitable film
forming materials include polyolefins, such as
polypropylene, linear low density polyethylene, poly-1-
butene, polytetrafluoroethylene,

polytrifluorochloroethylene; or polyvinylchloride;

aromatic polyarenes; such as polystyrene;
polycarbonates; polyesters; and copolymers and blends
thereof. Preferred are polyolefins free of branched
alkyl radicals and copolymers thereof. éartiéularly
preferred are polypropylene and polypropylene
copolymers. Various functional additives known in the
art can be blended with the dielectric polymers or
copolymers such as poly(4-methyl-l-pentene) as taught
in U.S. Patent No. 4,874,399, a fatty acid_petal salt,
as disclosed in U.S. Patent No. 4,789,504,'or
particulates, as per U.S. Patent No. 4,456,648.

The disclosed process is also seen as
applicable to other methods of forming charged fibers

into webs include air laying, electrostatic deposition,

‘Rando webs and the like. Like problems with forming

charged fibers into uniform webs are encountered with
these web formation methods.

Examples
A fibrillated nonwoven fiber web was made

according to the apparatus described in FIG. 1 using a
randomizer and a scrim (Examples C1-C5). The scrim was
sandwiched between two webs from cards 2 and 2'. The
fibers were polypropylene fibrillated electrets formed
according to U.S. RE No. 30,782. These webs were
compared to similar webs without an inserted scrim.
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The inserted scrim was a commercially available

spunbonded fleece with a basis weight of about 10

gram/m’> (Lutrasil™, available from Karl Freudenberg,

Kaiserslautern, Germany).

5 The basis weight (BW) of the webs were

determined by weighing a disc with an area of 100 cm’

and converted to grams/m’. The penetration and the

pressure drop of the media was measured on a TSI

Automatic Filter Testing machine type 8110, TSI Inc.,

10 Minneapolis, MN, based on a test area of 50 cm’ and an

air velocity of 0.2 m/s. The air contained an NacCl

aerosol where the penetration is the ratio of NacCl

concentration downstream and upstream of the filter
divided by 100. The Coefficient of Variation (COV),
15 defined as the ratio of the standard deviation and the

basis weight, was calculated from a sampling of web

properties of at least 7 locations on the web.

results are given in Tables 1 and 2.
The Quality Factor Q is defined
20 mathematically by the expression
-1n(%P/100)
AP

The

25 where %P is the percent penetratibn, AP is the pressure

drop in Pascal, and 1ln indicates the natural logarithm.

This value is always positive and increases with

reduced penetration. Conversely, as pressure drop

increases, the Q value is reduced. Q is generally an

30 index which is independent of the basis weight.

Thus,

Q may be used to compare the filtration performance of

webs of different basis weights.



art'%lsaéheémamepeaepb@d Pat ent No. 4, 456, 648. The di scl osed

process | applicable to W‘;&et kods -of- .f orm ng char ged
fibers i HHM e air laying, ¢l & LAt ﬂe;dof th Rado—mebs—
and the | pro lems with forming chBERSEEDI bers _ﬂﬁ‘ﬁ 6 ShiEBE
are encountered with these web formation nethods:

S OV

Exanpl es A fibrillated nonwoven fiber filter was) nRdeAUG 1995 *
; | i
o ~|lo|la|la]w L
3 sle|alo]a e
UE\", — o~ -~
o
> ~ ~ ~ ~ o
Sajo|ojo]wvloe
<
o
0 i < - r~
> . -
O3 e} 0 o Ay ™
O
m
4
o = (<)} e, <
g =)} © (e} e n
S n, ™~ n ™ ~-i o
Hoee | T
>
<
£
<
@ o
<< o o o - o~
’r‘ o . . . . .
C n o o ~ '3]
qu i o <
o
>
<
o ~ ()] in - -
o~ - ~ i Lo
Q © . . . .
o p, o (=] o (=] (=]
g <
o -
>
<
a N \O ~ =)} 0
U\N . . . . .
o e o ™ ™ ~ o
4 < | v L) 0 o 0
gm ~ N (3]
<
Q
-
o,
E — o e} - n
o]
P
i
Te]

10



"l ayers
electre
conpare

according to the apparatus described in FIG 1 using a ranﬂ pakd a
scri nnr(mméaaﬁﬂ ERlhcedThe SCrim was \,\g'.%% % tpo Lo
d 2' The fibers dg ? iprillate
rding to U.S. RE Eﬁl'hese i | ter 2 2vAUE 155
ilters wthout ag lnserted scrim—
—L—.l—g—:______“__
s | = ]1w | ~]w]| w0 o |~ =] w |«
[« ¥ (3} o~ o~ -~ - i (o] (3] (o] - -
— s o | o > | © olo | o
o
o
>
<
% N o ||l T A A
mloln]lu|{alo]luwl|luw|l«a|o|r~
> |~ - |
(©]
O
o
sl lw]|lw]|l<]A]a]lalw
& 0 © 0o v ~ O ) o)) © < 0
~ o o™~ ™ — N [}
[<H
<
€
-
o . ' S
o0 L2 S B 2 T BN YN o | wn © — v | .| o o
oS 1] ~ — ~N (=] ~ O ] ™ ) < e
H (e - —t i i i (o] (3] ™ o~ g)
5o 2
<]
a | 5
2] I~
= voiajolw|lol|lwn P B e o
& A l~nfofolv|ajlvlo|laln|la]a =
=} o < i ~ o [+)} o} o i ~
O | | ~ o~ 3
>, 3
<< -
O
x
“ [
E — < © o < <t ~ o~ 3 0 < s
> L] (2] o ™ -l ™ W 0 - by 9] L)
9 5
=]
o =y
T
(L]
o mictolalolce « ~]lo | v o
E w || ol w ~ [ © ~ ] v - | O u
D= < ] — n <r < ™~ ) o o~ 3
> n o < o o < "] ~ 0 | o < w
m — ~t ™ ™~ — i — ™~ e
: g
0
> 2
«
n
ol
0
[
) : 4
< IRV ~ o | o | © - | A | ~ o | < |\ g
> - ~ Q Q &) o QO =
3]
-
[T¢] (=] [2]
i '-c




Fr eudenbe

The in | igegomercially a E“'Tﬁh%ﬁgff" ]@" BERIG| 7| eece with
basi s mgﬁﬁiﬂﬁiﬁﬁﬁnoegraMﬁerr]y(L\lj Irasi.l Eﬁk gv L1 pb eﬁgmg%n\%;iﬁﬁﬁfggg

10

15

27 AUG 75

- g -

The COV values for comparable basis weight
webs decreased significantly for the invention example
webs 1-11 compared to similar webs produced without
reinforcement scrims (Comparative examples Cl1l-C5). The
most significant reductions in COV values were noted
for lower basis weight webs (e.g., less than.about 120
g/m?) . This improvement is graphically summarized in
Fig. 2 where the y axis represents the % reduction in
COV of the scrim inserted examples compared to the non-
scrim examples. The x axis designates the nominal
basis weights of the webs compared. The A columns
represent the basis weight, the B columns the
penetration, and the C columns the pressure drop.

The various modifications and alterations of
this invention will be apparent to those ékilled in the
art without departing from the scope and spirit of this
invention, and this invention should not be restricted
to that set forth herein for illustrative purposes.
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penetration is the ratio of NaC concentration downstream and upstreanrof
the filter divided by 100. The Coeffici entLoo+ Variation (
I claim:
1. A method for forming an electret
nonwoven filter web comprising the steps of
5 a) providing electrostatically charged

dielectric fibers,

b) forming the electrostatically charged

fibers into at least one nonwoven filter web (10)

characterized by,

10 c) joining the at least one filter web to a

reinforcement scrim (11), and

d) needle punching (5) the at least one

filter web (10) and reinforcement scrim (11) to

form a filter web (12) with uniform properties

15 across the web.

2. The method of claim 1 wherein the
electrostatically charged fibers are formed by

fibrillation of an electrostatically charged web.

20

3. The method of claim 2 wherein the fibers

have substantially rectangular cross-sections.

4. The method of claim 1 wherein the

25 reinforcement scrim (11) is an inner layer between two

outer filter web layers (10, 10%).

5. The method of claim 1 wherein the at
least one nonwoven filter web (10) is formed by

30 carding.

6. The method of claim 5 further comprising

randomizing the carded filter web (10) prior to joining

with the scrim reinforcement (12).
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7. The method of claim 1 wherein the fiber
is a polypropylene polymer or copolymer fiber and the
scrim reinforcement is a spunbond polypropylene polymer
or copolymer nonwoven.

8. A uniform electret nonwoven filter
comprising at least one nonwoven filter web (10) of
electrostatically charged dielectric fibers
characterized in that the web (10) is joined to a
reinforcement scrim (11) by needlepunching.

9, The electret nonwoven filter of claim 8
wherein the dielectric fibers are fibrillated from an

electrostatically charged film of a film forming
polymer. )

10. The electret nenwoven filter of claim 9
wherein the fibers are polypropylene polymers or
copolymers. '

11. The electret nonwoven fllter‘of claim 8
wherein the reinforcement scrim (11) is a center layer
between two outer layers (10, 10') of the nonwoven
filter web.

12. The electret nonwoven filter of claim 8

wherein the nonwoven filter web (10) is a carded web

13. The electret nonwoven filter of claim 12
wherein the nonwoven filter web (10) is randomized.

14. The electret nonwoven filter of claim
8 wherein the nonwoven web material has a total basis
weight of less than 120 gm/m’.
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SCRIM INSERTED ELECTROSTATIC FIBROUS FILTER WEB

Abstract of the Disclosure

Provided is a nonwoven web of ele:ctrically charged
fibers needle-punched to a scrim suppért. This web
provides a filter medium having increased uniformity in

10 pressure-drop, basis weight and filtration performance.

FIGURE 1
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SCRIM INSERTED ELECTROSTATIC FIBROUS FILTER WEB

Background and Field of the Invention

The present invention relates to a process
for forming an electret nonwoven filter and products of
such a process. ' _

Nonwoven webs of electret fibers are
typically formed of loosely associated fibers. The

fibers <can be electrostatically charged prior to,

during, or after, being formed into a nonwoven web.

For example, post-formation charging is described in
U.S. Patent No. 4,588,5;7'which charges a lofty
nonwoven web formed by a variety of methods including
carding and melt blowing. The webs are charged while
under compression and then permitted to return to their
original loft. This patent states that precharged
fibers are preferably bipolar so that they tend to
resist crimping which is avoided by pre—crimpihg when
using the charging method of this patent.

Fibers can also be charged while they are
being formed,’ as disclosed in Huohik—et-—ad., U.S. Patent
No. 4,215,582,'where melt-blown fibers are bombarded by
ions or electrons immediately after being extruded from
the melt-blowing orifices. The fibers solidify
extremely rapidly in the atmosphere and are collected
as a. semi-coherent mass of entangled microfibers. The
webs are described as preferably open to provide a low
pressure drop for liquid passing through the filter.

| A particularly effective method of forming a
nonwoven electret fiber filter is described in U.S.
Reissue Patent No. 30,782 4Van—Turneut—et—al-). . The
electret fibers in this patent are formed from a corona
charged f£ilm that is fibrillated to form the charged
fibers. The charged fibers can then be formed into a

" nonwoven web by common methods such as carding or air
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desi gnates theidiorddwdity of injected charges. However, problems
' are encountered with form:.ng webs from these precharged

fibers. The fibers are generally quite large and
uncrimped. They also have a resistance to bending.

Due in part to these properties, the fibers. resist
formation into a uniform coherent web,; particularly at
low basis weights. This problem is partially addressed
in U.S. Patent No. 4,363 ,682, which proposes the use of
such filibrated fiber webs in face mask appllcatz.ons
In order to provide a more coherent web, as well as one
that resists shedding fibers, this patent proposes a
post-embossing treatment. This post-embossing welds
the outer surface fibers together allegedly prov:.d:.ng a
more coherent and comfortable web for use as- a face _
mask. However, this treatment will also tend to result
in a more condensed web, which would increase pressure
loss over the filter.

| It is an object of the present invention to provide an electret
nonwoven filter with uniform filtration properties, and a method for forming such

a filter.

This object is achieved by the method and filter according to the

claims. _
,According to the present invention, a uniform electret fiber web

filter is obtained by forming a web of charged fibers, placing the charged fiber
web onto an open, substantially non-extensible, scrim support material, and then

needlepunching the composite material to provide a highly uniform filter web.
Preferred embodiments of the present invention will be described

in detail in connection with the drawing, in which

Fig. 1 is a schematic representation of a
preferred process arrangement according to the
invention method

Fig. 2 is a plot of percent reduction'in
‘three properties coefficient of variability versus
nominal basxs weight for invention fllters and
comparable filters without the use of scrims.
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Fig. 1 represents an apparatus arrangement T : |
for practicing the present invention. The fibrillated
fibers are formed into a nonwoven web layer 10 by card 2.

The filter web layer 10 can then be fed to a randomizer 3 to increase
basis weight. The randomizer would typicaily be a set
of intermeshing metallic wire. (e.g., V-grooves)

rollers. Additionally, a second filter web (not shown) could
be taken off card 2, treated likewisé, and then joined
to web_]-_g_ye;r_' 10. This allows for greater flexibility in the

choice of basis weights. The scrim 11 is fed from a
supply roll 4 onto the filter web layer 10. However, the
scrim 11 could also be fed upstream of the card 2' so
that the filter web 10' is laid onto the scrim 11. Iﬁ a
preferred arrangement, a second card 2' is used so that
the scrim is a center layer between two outer nonwoven
filter layers. This is shown in Fig. 1 by a second

card arrangement with identical numbering. Likewise, a
second filter web could be taken off card 2' and joined to filter web
10'. The two filter web layers 10 and 10° can be of differing basis
weights. The use of two filter web layers provides particularly
uniform filters web of Tow variability.

The precharged fibers are preferably formed
by the method described in U.S. Patent Reissue Nos.
30,782 and 31,285. The fibers, as such, are formed
from an electrostatically charged (e.g., by a corona
discharge electrode) film that has been fibrillated to

provide fibers with a substantially rectangular cross-
section.

The filter web layer 10 and scrim 11 are then fed to a
needling station 5 where the filter web layer 10 is joined to the
scrim by the action of the needles to form the filter
wel-12, The needles will'preferably penetrate a web
layer first to transversely displace fibers securely
down into the scrim and promote the fibers to interlock
the scrim, and in the preferred arrangement with fibers
of an underlyingﬂ_p_g web layer 10'. The needles can' be arranged
to penetrate the filter -web- 12 composite between about
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10 and 300 penétrations per cn’. However, higher
needling densities tend to compact the filter-webr 12,
increasing pressure loss through the filter. '
Preferably, the needling is less than 75 pgpetrations
per cm’. The needle-~punched joined composite is then
collected on take-up roll 6 for subseguent converting.

Webs typically formed from carding operations
are anisotropic with larger amounts of fiber
orientation in the machine direction, which generally
allows for web-handling stability in this direction.
However, lower basis weight webs are less easily
handled. A practice in the past to improve nonwoven
web handleability has been to needle-punch the webs to
increase interfiber bonding. However, generally this
has been found to be disruptive to electret web
uniformity. This disruption in web uniformity has been
found to be particularly problematic when a randomizer
is used to increase the web nominal basis weight.
| | Unexpectedly, it has been found that the use
of needle-punching treatments on an electret
fibrillated nonwoven web can significantly increase the
electret web uﬁiﬁormity when the web is needled to an
underlying scrim support. Particularly good uniformity
results are obtained where two webs are needled to a
scrim between the two webs. The coefficient of

variability of these scrim supported filter webs
decreases remarkably compared to similar webs prepared
without the scrim support. '

The scrim material can be any known N _
reinforcement scrim, woven or nonwoven. Nonwoven
scrims are generally preferred in terms of cost and
degree of openness. The scrim material is also
preferably polymeric, and for purposes of
recyclability, preferably formed of a polymer
compatible with the material of the electret nonwoven
web. A scrim of nonwoven material will generally be



1. * A method for formng an el ectret nonwoven filter conpr|

<of : a) providing electrostatically charged diele
formed by fibrillation of web or filmin at | east one nonwov
| ayer " (10 or 10') characterized by, b) joining at |pa

_ 5 t )
- nonwoven filter web |ayer to a reinforcenent scrim(11), and 19?ﬁ&$ 1998

needl e punching (5) the at |east one nonwoven filter web | aypri«348—e+—10_)

: \ 7
and reinforcenent scrim(11) to forma filter with unifornrbbﬁis wei ght ,
pressure dr Optreated to increase tensile propertles such as-bBy

thermoembossing, calandaring, sonic bonding, binder
fibers or the like. A typical scrim material would be
a spunbond polypropylene nonwoven web.

The precharged electret fibers are preferably
formed from a dielectric film that is capable of being
corona charged and then fibrillated. Suitable film
forming materials include polyolefins, such as
polypropylene, linear low density polyethylene, poly-1- .
butene, polytetrafluoroethylene,
polytrifluorochloroethylene; or polyvinylchloride;
aromatic polyarenes; such as polystyrene;
polycarbonates; polyesters; and copolymers and blends

thereof. Preferred are polyolefins free_of'branched
alkyl radicals and copelymers thereof. Particularly
preferred are polypropylene and polypropylene
copolymers. Various functional additives known in the
art can be blended with the dielectric pblymers or
copolymers such as poly(4-methyl-i-pentene) as taught
in U.S. Patent No. 4,874,399, a fatty acid metal salt,
as disclosed in U.S. Patent No. 4,789,504, or
particulates, as per U.S. Patent No. 4,456,648.

The disclosed process is also seen as
applicable to other methods of forming charged fibers
into webs include air laying, electrostatic deposition,
Rando webs and the like. Like problems with forming
charged fibers into uniform webs are encountered with
these web formation methods.

'gxamgles

A fibrillated nonwoven fiber filter was made
according to the apparatus described in FIG. 1 using a
randomizer and a scrim (Examples C1-CS5). The scrim was
sandwiched between two filter web layers from cards 2 and 2'. The

fibers were polypropylene fibrillated electrets formed
according to U.S. RE No. 30,782. These filters were
compared to similar filters without an inserted scrim: °
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The inserted scrim was a commercially available
spunbonded fleece with a basis weight of about 10
gram/m’ (Lutrasil™, available from Karl Freudenbe:g,
Kaiserslautern, Germany). '

The basis weight (BW) of the filters were
determlned by weighing a disc. with an area of 100 cm’
and converted to grams/m?’. The penetration and the
pressure drop of the media was measured on a TSI
Automatic Filter Testing machine type 8110, TSI Inc.,

- Minneapolis, MN, based on a test area of 50 cm® and an
air veldcity of 0.2 m/s. The air contained an NacCl
‘aerosol where the penetration is the ratio of NacCl
concentration downstream and upstream of the filter
divided by 100. The Coefficient of Variation (cov),
defined as the ratio of the standard deviation and the
basis weight, was calculated from a sampling of filter
propertiés of at least 7 locations on the filter. The
results are given in Tables 1 and 2.

The Quality Factor Q is defined
mathematically by the expression

- =-1ln(%P/100)
b AP

where %P is the percent penetration, AP is the pressure
drop in Pascal, and 1ln indicates the natural logarithm.
This value is always positive and increases with
reduced penetration. Conversely, as pressure drop
increases, the Q value is reduced. Q is generally an
index which is independent of the basis weight. Thus,
Q may be used to compare the filtration performance of
filters of different basis weights.



4. <« The nmethod of any clainms 1 to 3 wherein the at |east HEET
kilter web layer (10 or 10') is formed by carding. 5.

any claims 1 to 4 further conprising random zing the carded fRHPtgcaw@ﬂx S.ELT
| ayer- (10 or 10') prior to joining with the scrimreinforce IL \LL) 6-
The met hod of any of clainms 1 to 5 wherein the electrostati S&ged

fiber is a polypropyl ene polyner or copolynmer fiber and the s rn%A 171998
reinforcement is a spunbound pol ypropyl ere7pol yner or copol
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- 11°- 8. A uniform electret nonwoven filter or fiItBEPMMH@MHﬁB$HE§

-at | east one nonwoven filter web layer (10 or 10") of electrqsﬂgp[ggngnT SHEET
charged dielectric fibers characterized in that the nonwoven [f ig-ter

| ayer (10 or 10') is joined to a reinforcenent scrim(11) by needlepunchln
wherein the el ectrostatically charged dielectric fibers are ffi gr 8 199
froma filmof a filmformng pol yner, wherein the

- g -

The COV values for comparable basis weight
webs decreased significantly for the invention example
webs 1-11 compared to similar webs produced without
reinforcement scrims (Comparative examples Cl~C5). The
most significant reductions in COV values were noted
for lower basis weight webs (e.g., less than.about 120
g/m?). This improvement is graphically summarized in
Fig. 2 where the y axis represents the % reduction in
COV of the scrim inserted examples compared to the non-
scrim examples. The x axis designates the nominal
basis weights of the webs compared. The A columns
represent the basis weight, the B columns the
penetration, and the C columns the pressure drOp.

= "~ = = "~ = —_—

this invention will be apparent to those-sKilled in the
art without departing from-thre scope and spirit of this
invention, apd S invention should not be restricted

1113 = >~ oren ha -1 - TP oy e - -



nee.dl‘epunchi ng provides uni formity in the nonwoven filter webREBNAGEMENT SHEET
wei ght , ercent penetration. 9. The el ectret

charged m&m pyl ene pol ynmers or copol yners. 10
el ectret RO or filter web of any of clainms 8 or P Wwherein the

nonvvoven mga fil ter web of claim8 wherein the el ectrosg aﬁépﬁaﬁmem SHEET
n
rei nforcement scri m (511) is a center.layer between two outer ho WhBAPR 1998

filter web layers (10 or 10'). - 10 -
Claims
1. A method for forming an ¢lectret nonwoven filter comprising the .steps of:

a) providing electrostatically charged dielectric fibers formed by fibrillation

of web or film in at least one nonwoven filter web layer (10 or 10%) characterized by,

b) joining at least one nonwoven filter web layer to a reinforcement scrim
(11), and
c) needle punching (5) the at least one nonwoven filter web layer (10 or 10°)

and reinforcement scrim (11) to form a filter with uniform basis weight, pressure drop

and percent penetration across the filter.

2. The method of claim 1 wherein the electrostatically chal_'géd fibers have

substantjally rectangular cross-sections.

3. The method of any claims 1 to 2 wherein the reinforcement scrim (11) is an

inner layer between two outer nonwoven filter web layers (10, 10°).

4.  The method of any claims 1 to 3 wherein the at least one nonwoven filter web

layer (10'or 10%) is formed by carding.

5. The method of any claims 1 to 4 further comprising randomizing the carded filter

web layer (10 or 10°) prior to joining with the scrim reinforcement (11).

6. The method of any of claims 1 to 5 wherein the electrostatically charged fiber

is a polypropylene polymer or copolymer fiber and the scrim reinforcement is a

spunbound polypropylene polymer or copolymer nonwoven.

7. The method of any claims 1 to 6 wherein the fibrillated web or film is

electrostatically charged.




11. * The electret—nonwoven filter or filter web of any of C'*EW-A@EW&E,@EEL

wherein tkl filter Tayer (10 or 10') is acardedW
el ectret qmmmm Mﬂm filter web of any of clainms 8 t( RgP MENR SHET
1

nonwoven fi*l ter 0 or 10") is random zed. 13. he el ectret
nonwoven filter or filter web of any of clains 8 to 12 whergi | tthp 4093

-11 -

8. A uniform electret nonwoven filter or filter web comprising at least one

nonwoven filter web layer (10 or 10°) of electrostatically charged dielectric fibers

characterized in that the nonwoven filter web layer (10 or 10°) is joined to a

reinforcement scrim (11) by needlepunching wherein the clectrostatically charged

dielectric fibers are fibrillated from a film of a film forming polymer wherein the

needlepunching provides uniformity in the nonwoven filter web layer basis weight,

pressure drop and percent penetration.

9. - The electret nonwoven filter or filter web of claim 8 wherein the electrostatically

charged fibers are polypropylene polymers or copolymers.

10.  The electret nonwoven filter or filter web of any of claims 8 or 9 wherein the

reinforcement scrim. (11) is a center layer between two outer nonwoven filter web layers

(10 or 10").

11.  The electret nonwoven filter or filter web of any of claims 8 to 10 wherein the

nonwoven filter layer (10 or 10°) is a carded web.

12.  The electret nonwoven filter or filter web of any of claims 8 to 11 wherein the

nonwoven filter web layer (10 or 10°) is randomized.

13.  The electret nonwox-ren filter or filter web of any of claims 8 to 12 wherein the..

at least one nonwoven filter web layer has a total basis weight of less than 120 g/m>.

14.  The electret nonwoven filter or filter web of any of claims 8 to 13 wherein the

fibrillated film is electrostatically charged.



~at least one nonwoven filter web |l ayer has a total basis wei ghtREFLACEMENT SHEET
than 120 g/njerr]. 14. The el eeétret nonwoven filter or filter web of

any of claims 8 to 13 wherein the fibrillated filmis electroptgdp QAEMENT SHEET
Char géd i ) L H (V34 .

Sz- | 18 APR w98

SCRIM INSERTED ELECTROSTATIC FIBROUS FILTER WEB

Abstract of the Disclosure L
Provided is a nonwoven web of electrically charged

fibers needle-punched to a scrim suppért. This web
providés a filter medium having increased uniformity in
pressure-drop, basis weight and filtration performance.

FIGURE 1
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