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A pleatable nonwoven material is provided, including thicker 
(73) Assignee: IREMAEl Gibb, form-giving fibers and thinner fibers determining the filter 

effect, wherein the thinner fibers are incorporated largely 
homogeneously in the thicker fibers running in the direction 21) Appl. No.: 12/295.263 

(21) Appl. No 9 along the Surface of the nonwoven material and a distribution 
(22) PCT Filed: Mar. 26, 2007 density gradient of the thinner fibers is established perpen 

dicular to the surface of the nonwoven material such that the 
(86). PCT No.: PCT/EP2007/0026.50 highest concentration of thinner fibers is in the region of the 

S371 (c)(1), 
(2), (4) Date: Sep. 29, 2008 

center or on one of the two outsides, wherein the thicker and 
thinner fibers are bonded together by solidification from the 
melted condition and are made from the same material. 
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PLEATABLE NONWOVEN MATERIAL AND 
METHOD AND APPARATUS FOR 

PRODUCTION THEREOF 

0001. The invention relates to a pleatable nonwoven mate 
rial comprising supporting, form-giving, thicker fibers and 
thinner fibers determining the filter effect as well as a method 
and an apparatus for production thereof. 
0002. A nonwoven material of this type is disclosed in DE 
103 10 435 B3. In this prior-art filter element is provided an 
air-permeable support material which is coated on both sides 
with a fiber coating consisting of nanofibers or microfibers, 
wherein the coating thickness increases from the inflow side 
to the outflow side such as to form a progressive filter element. 
With respect to former prior art filter materials, this embodi 
ment already resulted in a considerable improvement of the 
filter performance. 
0003. In such filter materials, which are conventionally 
pleated and are as such used as air filters in vehicles, a lowest 
possible pressure decrease is crucial when the air passes 
through since a low pressure decrease is synonymous with a 
small-size blower motor, and therefore with a correspond 
ingly low energy consumption and a low noise development. 
0004. This demand for filter systems having a low pressure 
difference is in contrast with the necessary separation perfor 
mance and the required service life. 
0005. These two demands can principally be fulfilled by 
fibers of different thicknesses, with usually approximately 20 
um on the one hand and approximately 4 um on the other. 
0006) The progressive design of the fiber density is 
achieved in that the side of the nonwoven material on which 
the nonwoven material is laid down during the production is 
used as outflow side when it is inserted in the filter. 
0007 For further improvement of the filter properties, the 
industry focuses on the development of smaller and smaller 
fiber diameters for use in the filter production. 
0008. The so-called melt blowing process is currently the 
most common technique of producing fine fibers. Due to the 
constructional design, this process has so far been limited to 
fiber sizes of more than 2 Jum. In this process, a low-viscosity 
medium is used which is torn apart at the attempt to achieve 
lower fiber thicknesses. 
0009. In order to increase the separation performance of 
the filter while minimizing the resulting increase in pressure 
loss, very fine fibers are important, however, because they 
lead to an increase of the inner surface area, thus enabling 
finer and finer particles to be separated while simultaneously 
increasing the service life. 
0010) A fiber size smaller than approximately 500 nm 
causes a so-called slip-flow effect to occur due to which, other 
than in the case of thicker fibers, the flow speed is not reduced 
to zero at the surface of the verythin fibers (nanofibers), thus 
enabling fine particles contained in the air stream to diffuse 
more easily while being intercepted and collected to a greater 
degree. 
10011. According to prior art, nanofibers of this type are 
produced from solution by means of a so-called electrospin 
ning process as for example described in DE 103 10435 B3. 
In this process, a polymer is dissolved by means of a solvent 
in order to produce fibers with a minimum diameter of up to 
50 nm by applying a high voltage. 
0012. A considerable drawback of this electrospinning 
process is the use of large amounts of solvents. Due to the 
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Vapors developing in this process and the high voltage which 
is applied at the same time, there is a significant risk of 
explosion. Another critical aspect is that the vapors are harm 
ful to the environment and therefore pose health risks to the 
operating staff. Another drawback is that the coating of the 
filter material is performed in a separate step, with the result 
that the nanofibers are located virtually exclusively on the 
Surface of the coating. This multitude of layers makes a pleat 
ing of the nonwoven material extremely difficult. According 
thereto, a foldability of the material is conventionally only 
achievable by means of spot bonding. 
0013 Likewise, fiberglass media are known as well which 
have fiberthicknesses of below 1 um. Since this material is so 
brittle that it will break when subject to a mechanical load 
which then causes particles to be released, the material must 
be classified as carcinogenic. Also, fiberglass media show 
Very high pressure differences in relation to the separation 
performance. 
0014 DE 10 2004 036 440 A1 discloses a filter material in 
which nanofibers are distributed across a support frame. Elec 
trospinning is mentioned to be a possible method of produc 
tion. A similar filter material is also described in WO 2006/ 
049664A1. 
0015 JP 02-264057. A discloses a nonwoven material 
which is produced in the melt blowing process, wherein dif 
ferent materials are extruded from different spinnerets. The 
diameter of the first group of spinnerets amounts to approxi 
mately 8 um while that of the second group of spinnerets 
amounts to s8 Jum. 
0016 DE 693 22 572 T2 describes an embodiment in 
which spinnerets are arranged at an angle to each other. 
I0017 EP 0674035A2 discloses a spinning beam in which 
air is supplied from the side. 
0018. On this basis, it is the object of the invention to 
produce a pleatable non-woven material which on the one 
hand distinguishes itself by exceptional filter properties, in 
particular a low pressure difference and at the same time a 
high separation performance, while on the other hand being 
fabricable in an environmentally friendly and cost-effective 
way such as to achieve a high throughput performance. 
I0019. According to the invention, this object is achieved in 
that the thinner fibers are incorporated largely homoge 
neously in the thicker fibers in the direction along the surface 
of the nonwoven material, and in that a distribution-density 
gradient of the thinner fibers in the direction perpendicular to 
the surface of the nonwoven material is such that the highest 
concentration of thinner fibers is in the region of the center or 
at one of the two outsides, wherein the thicker and the thinner 
fibers are bonded together by solidification from the melted 
condition and are made from the same material. 
0020. It is advantageously provided that the thicker fibers 
have a diameter >2 um and the thinner fibers have a diameter 
<1000 nm. In particular, the thicker fibers should have a 
diameter of between 2 and 200 um while the thinner fibers 
should have a diameter of between 50 nm and 1000 nm. Such 
extremely thin nanofibers enable a particularly good filter 
effect to be achieved. 
0021. The fibers may advantageously consist of polya 
mide, polypropylene, polyester or a mixture thereof. 
0022. The invention also relates to a method of producing 
a pleatable nonwoven fabric, wherein a polymer is melted and 
pressed through the spinnerets of a spinning beam, and 
wherein the polymer threads thus produced are laid down on 
a conveyor belt so as to form a nonwoven layer, wherein it is 
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provided according to the invention that spinnerets of various 
diameters are used for producing and laying down higher- and 
lower-thickness polymer threads in a single process step, 
wherein spinnerets of various diameters are used while simul 
taneously producing and laying down higher- and lower 
thickness polymer threads in a single process step, wherein 
the diameter of the spinnerets <0.2 mm, preferably 0.15 mm. 
and for the fibers of higher thickness >0.2 mm, preferably 
0.3-0.4 mm, and high-viscosity polymer melts are used 
whose melt flow index “mfi is well below 500. 
0023. By means of this method, the desired homogeneous 
distribution of the thinner fibers in the support frame formed 
by the thicker fibers is achieved. 
0024. Favorably, at least two spinning beams are provided 
which are arranged at an angle to each other, wherein the 
polymer threads leaving the spinnerets of each spinning beam 
tangle and intertwine with each other before contact with the 
base or at the latest at the moment of contact therewith. 
0025. In particular, two spinning beams can be used, 
wherein a first spinning beam comprises larger-diameter 
spinnerets and a second spinning beam comprises Smaller 
diameter spinnerets. 
0026. In order to achieve long fibers with a very small 
diameter, it is crucial to use a high-viscosity polymer melt 
whose melt flow index “mfi is well below 500. 
0027. Another important aspect is that the air supplied to 
the spinning beam has a relatively slight overpressure in the 
order of magnitude of 500 mbar. 
0028. The invention further relates to an apparatus for 
implementation of the above described method, the apparatus 
comprising spinning beams including a plurality of spin 
nerets arranged next to one another, and a conveyor belt for 
laying down the polymer threads leaving the spinnerets, the 
apparatus distinguishing itself by the fact that at least two 
spinning beams are provided which are arranged relative to 
each other such that when leaving the spinnerets, the polymer 
threads tangle before contact with the conveyor belt or at the 
latest at the moment of contact therewith, wherein a first 
spinning beam comprises larger-diameter spinnerets and a 
second spinning beam comprises Smaller-diameter spin 
nerets, and wherein the diameter of the smaller-diameter 
spinnerets is <0.2 mm, preferably approximately 0.15 mm, 
and the diameter of the larger-diameter spinnerets is >0.2 
mm, preferably 0.3-0.4 mm. 
0029. It is in particular provided that the spinning beams 
are arranged at an angle to each other, causing the thinner and 
thicker fibers to tangle and intertwine with each other upon 
discharge. 
0030. In particular, a first spinning beam may comprise 
larger-diameter spinnerets and a second spinning beam may 
comprise Smaller-diameter spinnerets. 
0031 Finally, fans can be provided in the outlet region of 
the spinnerets for generation of an air stream in the order of 
magnitude of 500 mbar. 
0032. The spinnerets are particularly advantageously pro 
duced by lasering and have a diameter of <0.20 mm. This 
enables a high density of Small-diameter spinnerets to be 
produced in an economical manner. 
0033. The invention will hereinafter be described in more 
detail by means of photographs taken with a scanning elec 
tron microscope and the drawing. 
0034. The following illustrations 1 and 2 show the distri 
bution of the various fiber sizes. (See illustrations 1 and 2). 
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0035 Coarse fibers (diameter of approximately 15um) are 
mostly present in the form of multiple fibers. The coarse 
single fibers are joined together to form multiple fibers, 
wherein the fiber composites (up to 200 um) are not only in 
loose contact with each other but the surfaces thereof are 
melted together for the most part. 
0036 Medium fiber diameters (approximately 1-2 um) are 
mostly present in the form of single fibers, rarely in the form 
of fiber composites comprising a maximum of 3 fibers. 
0037. The overview photographs clearly show that a web 
of much thinner fibers (nanofibers <1 um) passes through the 
fiber structure of the coarse and medium fiber diameters. The 
finest fibers are only present in the form of single fibers. (See 
illustration 3). 
0038. The diameters of the thin fibers amount to 733 nm or 
857 nm, respectively. Fibers with diameters well below 1 um 
are exclusively nanofibers. (See illustration 4). 
0039. The high magnification shows the extreme differ 
ence between a “standard” fiber with a diameter of approxi 
mately 11 um and the Surrounding nanofibers of approxi 
mately 750 nm. (See illustration 5). 
0040. The photograph was taken at an angle of 70° to 
illustrate the fiber structures across the material cross-section. 
0041. The lower part of the photograph shows the basic 
structure of thick, bonded fibers. The central part of the pho 
tograph shows a portion comprising fine fibers and nanofi 
bers. The cover layer is formed by fibers with a medium 
diameter. (See illustration 6). 
0042 Nanofibers (measured value: 522 nm) next to fibers 
having a diameter of approximately 1-2 um. (See illustration 
7). 
0043. Upon exposure of the filter medium to NaCl par 
ticles (for approximately 15 minutes in the particle filter test 
bench): 
0044) There is a coarse fiber (diameter of approximately 
10-15 um) in the background. NaCl particles with a partially 
very Small diameter (much smaller than 0.5um) have depos 
ited on the surface of the fiber. 
0045. The number of particles deposited on the very thin 
nanofiber in the front (measured value: diameter of 426 nm) is 
similar to the number of particles on the thick fiberalthough 
the diameter of the finest fiberamounts to only approximately 
/25 of that of the coarse fiber. 
0046. The illustration 8 shows an overview photograph of 
coarse, medium and nanofibers upon exposure to NaCl par 
ticles. (See illustration 8). 
0047. The inventive apparatus will hereinafter be 
described in relation to FIG. 1 and FIG. 2: 
0048. The hereinafter described FIG. 1 shows a schematic 
sectional view of a spinning beam 1 which comprises a plu 
rality of spinnerets 2 arranged next to each other through 
which a cone 4 of compressed liquid polymer is dis- charged 
under pressure, as illustrated by the arrow 3. An air stream 
with a pressure of approximately 500 mbar generated by fans 
is supplied via air channels 5. 
0049 FIG. 2 shows a schematic view of two spinning 
beams 1 which from an acute angle B with each other and are 
arranged at an angle C. with respect to the vertical direction 
relative to a conveyor belt 7 arranged underneath the spinning 
beam 1. 
0050. The spinning beam 1 on the left of FIG. 2 comprises 
larger-diameter spinnerets 2 while the spinning beam 1 on the 
right of FIG. 2 comprises Smaller-diameter spinnerets so that 
larger-diameter polymer threads 8 tangle and intertwine with 
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smaller-diameter polymer threads 9 in the region 10 before 
they are laid down on the conveyor belt 7 so as to form a 
nonwoven filter material 11. This process ensures that the 
thinner polymer threads 9 are distributed largely homoge 
neously among the thicker polymer threads 8. 

1. A pleatable nonwoven material comprising Supporting, 
form-stabilizing thicker fibers and thinner fibers determining 
the filter effect, wherein the thinner fibers are incorporated 
largely homogeneously in the thicker fibers in a direction 
along the Surface of the nonwoven material and wherein there 
is a distribution-density gradient of the thinner fibers in a 
direction perpendicular to the Surface of the nonwoven mate 
rial such that the highest concentration of thinner fibers is in 
the region of one of the group comprising the center and one 
of the two outsides, with the thicker and the thinner fibers 
being bonded together by solidification from the melted con 
dition while being made of the same material, the thicker 
fibers being larger-diameter polymer threads and the thinner 
fibers being smaller-diameter polymer threads which are 
tangled and intertwined with each other. 

2. A pleatable nonwoven material according to claim 1, 
wherein the thicker fibers have a diameter >2 um and the 
thinner diameters have a diameter < 1000 nm. 

3. A pleatable nonwoven material according to claim 2, 
wherein the thicker fibers have a diameter of between 2 and 
200 Lum. 

4. A pleatable nonwoven material according to claim 2, 
wherein the thinner fibers have a diameter of between 50 nm. 
and 1000 nm. 

5. A pleatable nonwoven material according to claim 1, 
wherein the fibers consist of polyamide, polypropylene, poly 
ester or a mixture thereof. 

6. A method of producing a pleatable nonwoven fabric, in 
which a polymer is melted and pressed through the spinnerets 
of a spinning beam, and in which the polymer threads thus 
produced are laid down on a conveyor belt such as to form a 
nonwoven layer, wherein spinnerets (2) of different diameters 
are used and higher- and lower-thickness polymer threads (8. 
9) are simultaneously produced and laid down in a single 
process step, the diameter of the spinnerets (2) for the thin 
fibers being <0.2 mm, and >0.2 mm, for the larger-thickness 
fibers, with high-viscosity polymer melts being used with a 
melt flow index “mfi of well below 500. 

7. A method according to claim 6, wherein at least two 
spinning beams (1) are used which are arranged at an angle to 
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each other, wherein the polymer threads (9) leaving the spin 
nerets (2) of each spinning beam (1) tangle and intertwine 
with each other before contact with the base. 

8. A method according to claim 6, wherein two spinning 
beams (1) are used, wherein a first spinning beam (1) com 
prises comprising larger-diameter spinnerets and a second 
spinning beam (1) comprising Smaller-diameter spinnerets. 

9. A method according to claim 6, wherein high-viscosity 
polymer melts are used. 

10. A method according to claim 9, wherein the melt flow 
index “mfi is well below 500. 

11. A method according to claim 6, wherein the spinning 
beams are Supplied with air having a pressure in the order of 
magnitude of 500 mbar. 

12. An apparatus for implementation of the method accord 
ing to the invention, comprising spinning beams including a 
plurality of spinnerets arranged next to each other and a 
conveyor for laying down the polymer threads leaving the 
spinnerets, wherein at least two spinning beams (1) are pro 
vided which are arranged relative to each other such that the 
leaving polymer threads tangle with each other before contact 
with the conveyor belt (7), a first spinning beam (1) compris 
ing larger-diameter spinnerets (2) and a second spinning 
beam (1) comprising Smaller-diameter spinnerets (2), with 
the diameter of the smaller-diameter spinnerets (2) being <0.2 
mm, and that of the larger-diameter spinnerets (2) being >0.2 

. 

13. An apparatus according to claim 12, wherein at least 
two spinning beams (1) are arranged at an angle (B) to each 
other. 

14. An apparatus according to claim 12, wherein fans are 
provided in the outlet region of the spinnerets (2) for genera 
tion of an air stream with a pressure in the order of magnitude 
of 500 mbar. 

15. An apparatus, according to claim 12, wherein the spin 
nerets (2) are produced by laser drilling. 

16. A method of producing a pleatable nonwoven fabric 
according to claim 6, wherein the diameter of the spinnerets 
(2) is 0.15 mm for the thin fibers, and 0.3-0.4 mm for the 
larger thickness fibers. 

17. An apparatus according to claim 13 for implementation 
of the method, wherein the diameter of the smaller-diameter 
spinnerets (2) is approximately 0.15 mm, and that of the 
larger-diameter spinnerets is 0.3-0.4 mm. 
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