Office de la Proprieté Canadian CA 2363740 C 2005/03/29

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 363 740
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de dépét/Filing Date: 2001/11/26 (51) CLInt.”/Int.C1.7 BO1D 39/08, BO1D 39/16, BO1D 17/06,
(41) Mise a la disp. pub./Open to Public Insp.: 2002/05/28 D04H 13/00, DO4R 1/42
(45) Date de délivrance/lssue Date: 2005/03/29 (72) Inventeurs/Inventors:

BUCHWALD, HOLGER, DE;
IVIORWEISER KARL- HEINZ D
VEESER, KLAUS DE

(73) Proprietaire/Owner:
CARL FREUDENBERG KG, DE

(74) Agent: BORDEN LADNER GERVAIS LLP

(30) Prionte/Priority: 2000/11/28 (10059050.0) D

(54) Titre : PROCEDE DE FABRICATION DE NONTISSES CHARGES TRIBOELECTRIQUEMENT
(54) Title: PROCESS FOR MANUFACTURE OF TRIBOELECTRICALLY CHARGED NONWOVENS

(57) Abrégée/Abstract:

The invention involves a process for the manufacture of a triboelectrically charged nonwoven, characterized by a fiber blend made
of polyacrylnitrile fibers with a titer of < 1.7 dtex and of polyolefine fibers with a titer of < 1.7 dtex freed from lubricating agents and
antistatic agents by washing, which is dried down to a moisture content of < 1 % by welght and carded on a longitudinal or
randomizing card into a triboelectrically charged web with a mass per area unit of 15 - 80 g/m?. This web is taken off by means of
two simultaneously running rolls and a transfer roll, so that the web Is laid on to a conveyor in machine direction, and bonded
directly inside a bonding set, the unbonded web being forwarded via 1 to 3 points of transfer only.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02363740 2001-11-26

ABSTRACT

The invention involves a process for the manufacture of a triboelectrically charged
nonwoven, characterized by a fiber blend made of polyacrylnitrile fibers with a titer of
< 1.7 dtex and of polyolefine fibers with a titer of < 1.7 dtex freed from Iubricating
agents and antistatic agents by washing, which is dried down to a moisture content of
< 1 % by weight and carded on a longitudinal or randomizing card into a
triboelectrically charged web with a mass per area unit of 15 — 80 g/m=2. This web is
taken off by means of two simultaneously running rolls and a transfer roll, so that the
web is laid on to a conveyor in machine direction, and bonded directly inside a
bonding set, the unbonded web being forwarded via 1 to 3 points of transfer only.
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Process for manufacture of triboelectrically charged nonwovens
Description

The invention involves a process for manufacture of a triboelectrically charged

nonwoven material and its application.

Such filter media are composed of a fiber blend comprising at least two different fiber
polymers, which are so different in the electro-negativity of their surface that they are
provided with electrostatic charges during web manufacture through carding and
through the subsequent bonding by means of a mechanical needie process. Such
media have already been described in documents EP 0 246 811 and EP 0 674 933

and are widely used as so-called “triboelectrically charged electret filters” for aerosol

filtration purposes.

In order to produce filter media on the basis of these processes, the fiber finish must

be washed off the fibers prior to carding, and all the antistatically active constituents

as well as auxiliary agents, which normally ensure a good workability of the fibers on

carding machines, must be removed.

However, this entails certain drawbacks like a significiantly poorer workability of the
washed fiber blend compared with standard fibers coated with fiber finish, and it has

been impossible so far to produce ‘triboelectrically charged electret filters” on the
basis of fine fibers (mean fiber titer < 1.7 dtex).
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Problems arise particularly when the web Is manufactured in accordance with

document EP 0 246 811 using a carding engine. A comb, permitting to separate the
web from the card and to transfer it on to a conveyor, is used as a card doffer system
of the card cylinder. Although strong electrical charges are repeatedly released on

the card doffer as a result of the combing mechanism, thus resulting in frequent
failures of the fleece stacker plate, this technology has prevailed over the usual roll

doffer system.

Web bonding has been performed by mechanical needling on the basis of the

processes described so far. On webs exhibiting a higher mass per unit area, proper

bonding is achieved by mechanical fiber interlacing, even if the needles leave

unwanted channels, thus reducing the filtering efficiency of the nonwoven material.

With webs featuring a low mass per unit area, the needling technology is unable,
however, to achieve proper bonding properties. If the mass per unit area falls below

100 g/m?, the thin web will offer the needles only a weak resistance, and it will
therefore be difficult to interlace the fibers in such a way that they trigger a sufficiently

high force flow of the fibers.

This is why the needling technology process can produce light “triboelectrically
charged electret filters” (mass per unit area < 50 g/m?) only if it is reinforced by a

carrier which will offer a sufficient resistance during the needling process of the loose

web fibers.

Carrier materials are usually lightweight fabrics, scrims and nonwovens (preferably

spunbonded nonwovens). Although these media only provide a negligible

contribution to the filtration of fine aerosols, they are primarily used to establish a
connection between the web and the carrier, and to meet the minimum requirements

in terms of tensile strength for this nonwoven material.

The disadvantages inherent to the use of carriers are the costs involved as well as a

poorer porosity of the filter media.
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Even if lightweight webs can sufficiently be bonded by using a carrier material on the
basis of the processes described here, the regularity of the web structure (fiber
distribution) remains unsatisfactory. When using stgndard fiber blends of 2 to 3 dtex
and applying cross-laying technology, the web already presents an open and uneven
aspect as a result of the coarse fibers and matting technolgy applied because cross-
laying technology causes the web to be deposited with a V-shape on to the feeding
device leading to the bonding unit, and creates therefore corresponding non-
homogeneity inside the fleece. Moreover, the irregularities are intensified by the
mechanical needling process, as the needles cause entire sections of the web to be

shifted, thus forming larger perforations.

However, an irregular web structure is inappropriate for filter applications because an

uneven fiber distribution or even perforations strongly affect the filtering efficiency.

The low density of lightweight triboelectrically charged nonwovens appeared to be a
further drawback. In connection with heavy needlefelts, a density of 0.25 g/cm?® can

be achieved only by means of mechanical needling. However, this value is strongly

reduced if webs of less than 10 m/m? are bonded by means of needle technological
means. In this case, the fibers will form large loops on both surfaces and produce

voluminous nonwovens with a density of 0.03 — 0.07 g/cm?.

The low density of lightweight triboelectrically charged needlefelts poses no problems
as long as they are used in a plane shape. Should they however be arranged inside

filter components, a maximum of filtration area will have to be efficiently
accommodated within a limited space. In such cases, voluminous media are at a

serious disadvantage as compared with thinner products.

The present invention took on the task to conceive a process for the manufacture of

lightweight triboelectrically charged nonwovens and their applications.
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According to an aspect of the present invention there is provided a process for the
production of a triboelectrically charged nonwoven material, comprising: washing a fiber
blend made of polyacrylnitrile fibers with a titer of< 1.7 dtex and of polyolefin fibers with a
titer of < 1.7 dtex so as to remove lubricating and antistatic agents, drying the blend down
to a moisture content of < 1% by weight, carding the blend on a longitudinal or
randomizing card into a triboelectrically charged web with a mass per area unit of 15-80
g/m?, transferring the web onto a conveyor in machine direction, and bonding directly
inside a bonding set, wherein the unbonded web is forwarded via 1 to 3 points of transfer.

According to another aspect of the present invention there is provided a process of the
production of a triboelectrically charged nonwoven material including the steps of
producing a fiber blend of polyacrylnitrile fibers with a titer of < 1.7 dtex and polyolefin
fibers with a titer of < 1.7 dtex, freeing the fiber blend from lubricating and antistatic

agents by washing, drying down the fiber blend to a moisture content of <1 % by weight,
carding the fiber blend on a longitudinal or randomizing card into a triboelectrically
charged web with a mass per area unit of 15-80 g/m?, picking up the web by means of
two simultaneously running rolls and a transfer roll, for laying theweb onto a conveyor in

machine direction, and bonding the web directly inside a bonding set, the unbonded web
being forwarded via 1 to 3 points of transfer only.

The use of a longitudinal or randomizing card and the laying of the web in carding
direction make it possible to prevent the fleece from being distorted in the cross

lapper and the weight from fluctuating as a result of the V-shaped depositing plate.

The usual systems incoporating a comb or a doffer roll exhibiting a small diameter
are not selected for separating the web from the carding engine, but a roll doffer
system equipped with two simultaneously running rolls featuring a larger diameter (>
200 mm), the first one acting as a compacting roll and the second one as a doffer roll,
plus a fluted transfer roll. It is surprising to observe that this doffer system made it

possible to card finely titered fiber blends with a high fleece regularity as well, and to

place them on to the depositing beit.
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In order to prevent the carded web from being elongated in machine direction after
being laid down on the conveyor belt, it is necessary to opt for a short distance
between the card and the bonding unit, and there must be only a minimum number of

points of transfer between the card and the bonding unit. ideally, a continuous
conveyor belt should guide the web directly from the card to the bonding unit.

The best results are attained through bonding operations based on a water-jet

needling process making it possible to bond lightweight and finely titered
triboelectrically charged webs properly, without affecting significantly the structure of

the web.
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Benefits are also provided, as an alternative, by grid-shaped thermal bonding of the

‘web by means of an ultrasonic calendering machine or by using heated calender

rolis. .

The bonding processes, water-jet needling procedures and thermal grid-shaped
bonding operations involved in the present invention provide not only the benefit of
preventing the destruction or perforation of the web as a result of the bonding

process, but also the advantage of producing a more compacted nonwoven material.

Nonwovens manufactured in this way are thinner than equivalent mechanically
needled products with the same mass per area unit, and they can therefore be
mounted easily into filter components (in a pleated form, for example).

With regard to the grid-shaped thermal bonding process, preference is given to
processes which will lead to a minimum compacting as well as minimum thermal
stresses of the web. Grid-shaped bonding involving the ultrasonic calender engine is
particularly suited for this purpose, but other types of grid-shaped bohding processes
may be applied by means of heated calender rolls. In order to achieve the highest
possible porosity, a bonding area ranging from 6 % to 30 % should be selected for
the nonwoven to feature a minimum strength of 4 N for a 50 mm wide tearing strip, so
as to meet the requirements involved in handling and use.

As a rule, it is not advisable for any type of bonding to meet the stringent strength
and rigidity requirements by increasing the mass per area unit or the bonding area of
the triboelectrical nonwoven material.

Greater benefits are brought by the use of blends incorporating polypropylene and
polyethylene fibers or core sheath fibers as polyolefine fibers, the constituents with a
lower melting point acting as binding fibers. Higher strength values are achieved
through the use of fibers acting as binding fibers.

Greater benefits are also provided when laminating the triboelectrically charged
nonwoven produced by the present invention together with other fabrics (like grid

structures, fabrics, papers, nonwovens, etc.) triggering reinforcing effects.
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One advantage of the triboelectrically charged nonwoven based on the present
invention is the manufacture of a multilayer filter medium, the triboelectrically charged
nonwoven being preceded by a prefiltering layer made of spunbonded or drylaid
nonwoven material on the primary-air side, and followed by a fine-filter layer made of
a microfiber fleece and/or filter paper on the clean-air side.

The arrangement of a highly porous filter layer at primary-air end makes it possible to
prevent the layer made of triboelectrically charged fibers from being clogged at an
early stage, and to extend the service life of the filter medium, which is manufactured

with the triboelectrically charged nonwoven based on the present invention.

The nonwovens produced on the basis of this invention bring particularly valuable
advantages in applications calling for a high filter efficiency within a limited space for
installation of the filter component. Filter cassettes or cartridges incorporating zigzag-
shaped pleated filter media are manufactured for small-size ambient-air purification
appliances, such as car interior filters or engine intake-air filters, which provide filter-
related advantages when using the lightweight triboelectrically charged microfiber
nonwovens. Such nonwovens are laminated together with a reinforcing nonwoven,
e.g. a plastic grid or a paper, to provide them with an appropriate rigidity for pleating

PUlrposes.

The nonwovens based on the present invention can also be successfully used as
filter media for vacuum-cleaner bags. For such applications, they are produced as a
laminated material together with filter papers, spunbonded nonwovens and/or
microfiber nonwovens. The use of triboelectrically charged nonwovens as vacuum-

cleaner bags provides the following benefits.

As highly efficient electret filters, they enhance significantly the filtering performance
of customary filter media (especially filter papers). If triboelectrically charged
nonwovens are arranged upstream of the paper layer in flow direction, they are also
In a position to protect the paper layer against fine dust and, therefore, to improve the

constancy of the vacuum-cleaner's suction performance. As laminated materials with

Ay A Ay il A DA gl
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papers, they can be pleated easily thanks to their low thickness, and processed into
filter bags by means of inexpensive self-opening bag machinery.

e S

The invention is specified in Examples 1 to 3:
Exampie 1

A blend consisting of 60 % of polyolefine bi-component fibers featuring a fiber
fineness of 1.0 dtex and a staple length of 38 mm and 40 % of polyacryinitrile fibers
of 40 mm / 1.3 dtex fibers is formed; the fiber oiling and lubricating agents are then
washed off the blend, and the fibers are dried again down to a residual moisture of <
1 percent. A web featuring a mass per area unit of approx. 50 g/m? is formed by
carding the fiber blend on a randomizing card and laid on to a takeover belt leading
directly to the calender gap of a thermally heated calender, where the fleece is
partially bonded using a punctiform engraving pattern (welded area of 14 %). This
filter medium exhibits a close distribution of the pores and, therefore, a good filter
efficiency at a low mass per area unit. The mechanical strength values of the
nonwoven are 10 N / 50 mm (tearing strip) in machine direction and are sufficient for

handling and use.
Example 2

A blend consisting of 60 % of polypropylene fibers of 1.7 / 40 mm, and 40 % of
polyacrylnitrile fibers of 1.7 dtex and 40 mm is formed; the fiber oiling and lubricating
agents are then washed off the blend, and the fibers are dried again down to a
residual moisture of < 1 percent. A web of approx. 50 g/m? is formed out of this fiber
blend on a randomizing card, laid on to a takeover belt, and both layers are then
directed into the calender gap of a thermally heated calender, following the
introduction of an extruded polypropylene grid having a weight of 11.5 g/m?, where
the fleece is partially bonded using a punctiform engraving pattern and laminated, at
the same time, with the polypropylene grid. The finished laminated material exhibits a

uniform web structure with a mass per area unit of 60 g/m2

Example 3
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A web with a weight of approx. 35 g/m? is produced on the basis of the manufacturing
process specified in Example 2, brought together with an extruded polypropylene grid
featuring a weight of 11.5 g/m?, thus producing after completion of the bonding
process a nonwoven laminated material with a mass per area unit of 46 g/m2. The

latter is equally characterized by a good fiber distribution.
Comparative example

The comparative example is based on a blend made of 60 % of polyolefine bi-
component fibers of 1.7 dtex, 40 mm, and 40 % of polyacrylnitrile fibers of 1.7 dtex,
40 mm, in accordance with the production process traditionally applied so far. The
fiber blend is mixed, washed and dried, as specified in Example 1. The fiber is then
carded on a carding engine, the fleece thus formed is taken off the drum by means of
a comb and brought over to a cross lapper which, in turn, lays the web down on a
belt. A polyester spunbonded nonwoven with a mass per area unit of 30 g/m? is
added, upstream of the needle loom, to the fleece layer featuring a weight of 40 g/m?.
Mechanical needling of both layers produces a nonwoven material with a mass per
area unit of 70 g/m?, which presents adequate mechanical strength values. The

pattern shows a foggy and irregular web structure.

The technical values applying to these examples as well as a further comparative

sample customary in trade are summed up in Table 1.
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Degree of | Quotient
permeability | permeability | L:Dpnaci D) | structure

Table 1

3.2

4.9

Qtytobe | g/m? Mm l/m? %
measured
Example1 |53 0.55 1800 5.2 629
'Example2 |60  |0.70 2150 10.4 294
Example 3 |46 0.55 2560 12.5 373
— -
|
| Comparative | 70 1.20 2900 15.0 160
example 1
Comparative | 40 1 0.56 4600 45.0 182
example 2
| (customary
in trade) !
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'Testing methods

a8

Thickness Area to be measured 10 cm?, measuring pressure 12.5
cN/cm?, loading time 1 sec.

Air permeability DIN 53 887 measured at 200 Pa (area of 20 cm?)

Degree of The degree of permeability to sodium chloride is measured
permeability to with the “TSI Certitest Model 8130” instrument. The TS| 8118
sodium chloride Model was used as an aerosol generator for common salt;

sodium chloride particles were produced with a mean
diameter of 0.26 um (mass). The measurements were

performed at a filtration speed of 0.08 m/s.

The degree of permeability to NaCl is the measure for the
passage of the sodium chioride aerosols, which have not
been separated by the filter medium involved. The difference
In pressure, expressed in Pascal (Pa), is the static pressure
drop through the filter medium as compared with the volume

flow of 0.08 m/s.
Regularity of the An optoelectric measuring process was applied for measuring
web structure the regularity of the web structure. The regularity is expressed

by the web structure index; the more the web structure

becomes irregular and foggy, the higher this index.
Values of < 3.5 are achieved in connection with this index on

nonwovens featuring a very good distribution of fibers.
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Quotient L: The quality of a filter is determined essentially by the porosity
(Dnaci. D) and filtering efficiency. The objective is to cut off active
aerosols as far as possible at a high porosity (measured as

air permeability L). In other words, a minimum of aerosols
should penetrate the filter (measured as degree of
permeability Dnaci). In order to asseés products featuring
different porosity values, the quotient is formed by the air
permeability value and the degree of permeability to sodium
chloride. High quotient L : Dnac) values are achieved by filters
exhibiting high arrestance values and good porosity.

If a low filter medium thickness (D) is involved, it is possible to
accommodate a larger efficient filter area within a certain
building space. The L: Dnaciindex has been supplemented by
the thickness value, so as to assess the benefits provided by

thin media inside filter cartridges, cassettes, etc.
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CLAIMS:

1. A process for the production of a triboelectrically charged nonwoven material,
comprising: washing a fiber blend made of polyacrylnitrile fibers with a titer of< 1.7 dtex
and of polyolefin fibers with a titer of< 1.7 dtex so as to remove lubricating and antistatic
agents, drying the blend down to a moisture content of < 1% by weight, carding the blend
on a longitudinal or randomizing card into a triboelectrically charged web with a mass per
area unit of 15-80 g/m? transferring the web onto a conveyor in machine direction, and
bonding directly inside a bonding set, wherein the unbonded web is forwarded via 1 to 3
points of transfer.

2. Process for the production of a triboelectrically charged nonwoven material,
comprising the steps of

producing a fiber blend of polyacrylnitrile fibers with a titer of < 1.7 dtex and
polyolefin fibers with a titer of < 1.7 dtex,

freeing the fiber blend from lubricating and antistatic agents by washing,

drying down the fiber blend to a moisture content of < 1 % by weight,

carding the fiber blend on a longitudinal or randomizing card into a triboelectrically
charged web with a mass per area unit of 15-80 g/m?

picking up the web by means of two simultaneously running rolls and a transfer
roll, for laying the web onto a conveyor in machine direction, and

bonding the web directly inside a bonding set, the unbonded web being forwarded
via 1 to 3 points of transfer only.

3. Process as per Claim 1 or 2, wherein the bonding of the web is achieved by
water-jet needling.

4. Process as per Claim 1 or 2, wherein the bonding of the web is achieved by

thermal bonding involving a print bonding roll inside one of an ultrasonic and a thermal
calender.

5. Process as per Claim 3, wherein the polyolefin fibers are a blend of polypropylene

and polyethylene fibers or core-sheath fibers, components of the blend having a
respectively lower melting point acting as binding fibers.
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6. Triboelectrically charged nonwoven material manufactured on the basis of the
process of any one of Claims 1 to 5, wherein the material has a regular fiber distribution,
a uniform binding expressed by a web structure index of< 5, a density of 2 0.07 g/cm® as
well as a filtering performance expressed by the quotient L : (DnacD) > 200.

7. Use of a triboelectrically charged nonwoven material as defined in Claim 6 for the
production of a multilayer laminated filter medium, the filter medium including the
nonwoven material as the active constituent of the filter medium in combination with at

least one further fabric.

8. Use of a triboelectrically charged nonwoven material as per Claim 6 for
production of a multilayer filter medium having a primary air side and a clean air side, the
triboelectrically charged nonwoven material is placed between a prefilter layer, on the
primary air side, and a fine filter layer on the clean air side.

9 The use of claim 8, wherein the prefilter layer is made of one of a spunbonded

nonwoven and a drylaid nonwoven.

10. The use of claim 8, wherein the fine filter layer is made of at least one of a
microfiber fleece and a filter paper.
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