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Description

TECHNICAL FIELD

[0001] The present invention relates to nonwoven fabrics.

BACKGROUND ART

[0002] Nonwoven fabrics have been used in a wide variety of fields including sanitary materials such as diapers and
sanitary napkins, cleaning products such as cleaning wipers and medical supplies such as masks. Nonwoven fabrics
are used in various fields, as described above, and it is necessary for nonwoven fabrics to be produced so as to have
characteristics and structures suitable for use in each product application.
[0003] Nonwoven fabrics are formed, for example, by forming fiber layers (fiber webs) by using either a dry method
or a wet method, and binding the fibers that are included within the fiber layers by chemical or thermal bonding, etc.
There are methods in which fiber layers are pierced repeatedly with many needles, or an external physical force is
applied to the fiber layers such as water flow injection during the process of binding the fibers, which are included within
the fiber layers.
[0004] These methods, however, only interlace fibers and do not adjust the orientation or arrangement of fibers in the
fiber layers, or adjust the shape of fiber layers. In other words, nonwoven fabrics that are produced according to these
methods are just plain sheet-like nonwoven fabrics.
[0005] It is said to be desirable for the nonwoven fabrics used as top sheets of absorbent products, for example, to
have irregularities in order to maintain or improve texture when specific liquids such as excretory substance are being
absorbed. Nonwoven fabrics with surfaces on which irregularities are formed by forming a number of fiber layers con-
taining fibers of different properties for heat contraction on top of the other to be sealed with heat for inducing heat
contraction of specific layers, and the method thereof are disclosed in Japanese Patent No. 3587831.
[0006] However, the fiber density of this type of nonwoven fabric increases in a number of heat-sealed areas and the
nonwoven fabric may further form into a film because a number of fiber layers are formed on top of the other during
formation of irregularities and each fiber layer is heat-sealed and combined. Particularly when the fabric is formed into
a film, predefined liquids such as excretory substance have more difficulty in rapidly penetrating the material.
[0007] US Patent No. 3,458,905 describes an apparatus for entangling fibres, US Patent No. 3,486,165 discloses a
tanglelaced nonwoven fabric and method of producing the same, US Patent No. 4,379,799 details a nonwoven fabric
having the appearance of apertured, ribbed terry cloth, and US Patent No. 4,186,463 discloses an apparatus for making
biaxially orientated nonwoven fabrics and a method of making the same. Japanese Patent Application No. 2002-249965
describes a nonwoven fabric.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0008] The nonwoven fabric disclosed in JP-A No. 3587831 has a second fiber layer containing fibers that are resistant
to shrinking when heat is applied formed on one side or both sides of the first fiber layer, within which include the fibers
that shrink when heat is applied, and the fiber layers are sealed and combined in a large number of heat sealed areas.
The second fiber layers are protruded to form many convex portions by heat contraction of the first fiber layer in the heat
sealed area.
[0009] In other words, manufacturing steps of the nonwoven fabrics or the method for manufacturing the nonwoven
fabrics described in JP-A No. 3587831 are complicated because a number of fiber layers having different shapes are
needed to form irregularities in fiber webs. Moreover, many heat sealed areas in the first and the second fiber layers
must be sealed steadily, otherwise convex portions of the second fiber layer are not formed when the first and the second
fiber layers fall away during heat contraction. This increases the density of the heat sealed areas, and the resultant film
exhibits poor quick penetration characteristics of a predefined liquid, such as excretory substance, in that area. As a
result, the predefined liquid is fed and collected into the concave portion and then transferred gradually inwards from
the side surface of the concave portion. Furthermore, it is difficult for the predefined liquid to be rapidly transferred
because the periphery of the concave portions is consolidated or formed into a film by heat embossing. For this reason,
if a large quantity of the predefined liquid is being absorbed at a single moment, or if pressure is added to the nonwoven
fabric, liquid may easily overflow from the concave portion. These are the subjects of the present invention.
[0010] In the present invention, studies have been conducted on the above subjects, and an objective of the present
invention is to provide a nonwoven fabric in which predefined liquid can be rapidly transferred, and at least sparsity and
density are adjusted.
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Means for Solving the Problems

[0011] The present inventors have found that it is possible to prepare a nonwoven fabric so that a predefined liquid
can be rapidly transferred by blowing(jetting) a fluid consisting mainly of gaseous matter to a fiber web, which is supported
from beneath by a predefined breathable support member, from an upper surface side in order to move a fiber that are
constituting up the fiber web, and completed the present invention.
[0012] The present invention provides the nonwoven fabric of independent Claim 1. The dependent claims specify
preferred but optional features.
[0013] According to a first embodiment of the present invention, a nonwoven fabric having a first direction and a second
direction including: a pluarity of jetted areas extending in the first direction, to which a fluid is jetted; and a pluarity of
nonjetted areas formed between the jetted areas to which the fluid is not jetted, in which the nonwoven fabric is formed
by jetting the fluid, including mainly of gaseous matter, to a fiber aggregate; and the jetted areas comprise a plurality of
groove portions hollowed in the thickness direction of the nonwoven fabric on a first surface side of the nonwoven fabric,
and the nonjetted areas are disposed along the groove portions and comprise a plurality of convex portions protruding
in the thickness direction on the first surface side; and a fiber density of each of the jetted areas is less than a fiber
density of each of the nonjetted areas; and a length of one of the convex portions in a width direction is 0.5 to 30 mm;
a distance between tops of the convex portions adjacent to each other sandwiching the groove portions is 0.5 to 30 mm;
a height of the groove portions in the thickness direction of the nonwoven fabric is no greater than 90% of the height of
the height of the convex portions;
the nonwoven fabric is made of a fiber aggregate comprising three-dimensional crimped fibers with a number of crimps
being within a range from 10 to 35 per 2.54 cm;
the nonjettted areas have side portions and centre portions; and
the content of fibres oriented in the first direction is greater in the side portions than in the center portions.
[0014] In a second embodiment of the nonwoven fabric as described in the first embodiment of the present invention,
a weight of each of the jetted areas is less than a weight of each of the nonjetted areas.
[0015] In a third embodiment of the nonwoven fabric as described in the first and second embodiments of the present
invention, the content of a fiber oriented in a first direction is less than the content of a fiber oriented in a second direction
in each of the jetted areas.
[0016] In a fourth embodiment of the nonwoven fabric as described in any one of the first to third embodiments of the
present invention, a value of the percent open area measured from a first surface side in the thickness direction of the
nonwoven fabric is greater than a value of the percent of open area measured from a second surface side which is
opposite to the first surface side in each of the nonjetted areas.
[0017] In the first embodiment of the nonwoven fabric as described above, each of the jetted areas includes a number
of groove portions hollowed in the thickness direction of the nonwoven fabric on the first surface side of the nonwoven
fabric, and each of the nonjetted areas are disposed along each of the groove portions and include a number of convex
portions protruding in the thickness direction on the first surface side.
[0018] In a fifth embodiment of the nonwoven fabric as described in the first embodiment of the present invention,
each of the convex portions includes side portions formed on both sides of the convex portions, and the fiber density of
each of the side portions is greater than the fiber density of each of the groove portions.
[0019] In a sixth embodiment of the nonwoven fabric as described in the fifth embodiment of the present invention,
the fiber density of each of the side portions is greater than the fiber density of the center portions that are sandwiched
between the side portions of each of the convex portions.
[0020] In a seventh embodiment of the nonwoven fabric as described in any one of the first to sixth embodiments of
the present invention, a difference between the value of the percent open area measured from the first surface side and
the value of the percent open area measured from the second surface side is no less than 5% in each of the convex
portions.
[0021] In an eighth embodiment of the nonwoven fabric as described in any one of the first to seventh embodiments
of the present invention, the fiber density of each of the groove portions is no greater than 0.18 g/cm3, and the fiber
density of each of the convex portions is no greater than 0.20 g/cm3.
[0022] In a ninth embodiment of the nonwoven fabric as described in any one of the first to eighth embodiments of
the present invention, each of the groove portions includes a number of sparse areas where the fiber density is less
than an average fiber density of a bottom portion formed at a bottom of the groove portions.
[0023] In an tenth embodiment of the nonwoven fabric as described in the ninth embodiment of the present invention,
the sparse areas are openings.
[0024] In a eleventh embodiment of the nonwoven fabric as described in the tenth embodiment of the present invention,
the fiber density of a peripheral border of each of the openings is greater than the fiber density of the area sandwiched
between the openings in the groove portions.
[0025] In a twelfth embodiment of the nonwoven fabric as described in the tenth and eleventh embodiments of the



EP 2 034 069 B1

4

5

10

15

20

25

30

35

40

45

50

55

present invention, the fiber in the peripheral border of each of the openings is oriented along the peripheral border of
each of the openings.
[0026] In a thirteenth embodiment of the nonwoven fabric as described in any one of the first to twelfth embodiments
of the present invention, a specific convex portion of the convex portions differs from the convex portions which lie
adjacent to the specific convex portion across a specific groove portion of the groove portions in height in the thickness
direction.
[0027] In a fourteenth embodiment of the nonwoven fabric as described in any one of the first to thirteenth embodiments
of the present invention, a top of each of the convex portions includes a substantially flattened shape.
[0028] In a fifteenth embodiment of the nonwoven fabric as described in any one of the first to fourteenth embodiments
of the present invention, a number of areas protruding in the direction opposite to the direction in which the convex
portions protrude are formed on the second surface side.
[0029] In a sixteenth embodiment of the nonwoven fabric as described in any one of the first to fifteenth embodiments
of the present invention, the nonwoven fabric includes a substantially corrugated shape in the first direction.
[0030] In an seventeenth embodiment of the nonwoven fabric as described in any one of the first to fourteenth em-
bodiments of the present invention, the second surface side of the nonwoven fabric is a substantially planar surface.
[0031] In a eighteenth embodiment of the nonwoven fabric as described in any one of the first to seventeenth embod-
iments of the present invention, the fiber configuring the fiber aggregate includes a water-repellent fiber.

Effects of the Invention

[0032] Provided by the present invention is a nonwoven fabric in which a predefined liquid can be rapidly transferred
and at least sparsity and density are adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

Fig. 1 shows a perspective view of a fiber web;
Fig. 2A shows a top view of a nonwoven fabric as described in the first embodiment;
Fig. 2B shows a bottom view of a nonwoven fabric as described in the first embodiment;
Fig. 3 shows an enlarged perspective view of an area X as defined in Fig. 2;
Fig. 4A shows a top view of a net-like support member;
Fig. 4B shows a perspective view of a net-like support member;
Fig. 5 shows a perspective view of the nonwoven fabric as described in the first embodiment of Fig. 2, manufactured
by jetting a gaseous matter to an upper surface side of the fiber web as described in Fig. 1, while being supported
from beneath by the net-like support member as described in Fig. 4;
Fig. 6 shows a side view for explaining a nonwoven fabric manufacturing apparatus according to the first embodiment;
Fig. 7 shows a top view for explaining the nonwoven fabric manufacturing apparatus as described in Fig. 6;
Fig. 8 shows an enlarged perspective view of an area Z as defined in Fig. 6;
Fig. 9 shows a bottom view of an ejection unit as described in Fig. 8;
Fig. 10 shows an enlarged perspective view of a nonwoven fabric according to the third embodiment;
Fig. 11 shows an enlarged perspective view of a net-like support member according to the third embodiment;
Fig. 12 shows an enlarged perspective view of a nonwoven fabric according to the fourth embodiment;
Fig. 13 shows an enlarged perspective view of a nonwoven fabric according to the fifth embodiment;
Fig. 14 shows an enlarged perspective view of a nonwoven fabric according to the seventh embodiment;
Fig. 15 shows an enlarged top view of a support member for use in manufacturing the nonwoven fabric as described
in Fig. 14;
Fig. 16 shows a perspective cross section of a nonwoven fabric of the present invention used as a top sheet of
sanitary napkins;
Fig. 17 shows a perspective view of a nonwoven fabric of the present invention used as a top sheet of diapers;
Fig. 18 shows a perspective cross section of a nonwoven fabric of the present invention used as an intermediate
sheet of absorbent products; and
Fig. 19 shows a perspective view of a nonwoven fabric of the present invention used as an outermost of absorbent
products.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

[0034] The best embodiments of the present invention will be explained referring to figures below.
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[0035] Fig. 1 shows a perspective view of a fiber web. Fig. 2A shows a top view of a nonwoven fabric as described in
the first embodiment. Fig. 2B shows a bottom view of a nonwoven fabric as described in the first embodiment. Fig. 3
shows an enlarged perspective view of an area X as defined in Fig. 2. Fig. 4A shows a plan view of a net-like support
member. Fig. 4B shows a perspective view of a net-like support member. Fig. 5 is a view showing a nonwoven fabric
as described in the first embodiment of Fig. 2, manufactured by injecting a gaseous matter to an upper surface side of
the fiber web, as described in Fig. 1, while being supported from beneath by the net-like support member described in
Fig. 4. Fig. 6 shows a side view for explaining a nonwoven fabric manufacturing apparatus according to the first embod-
iment. Fig. 7 shows a top view for explaining the nonwoven fabric manufacturing apparatus as described in Fig. 6. Fig.
8 shows an enlarged perspective view of an area Z, as defined in Fig. 6. Fig. 9 shows a bottom view of an ejection unit
as described in Fig. 8. Fig. 10 shows an enlarged perspective view of a nonwoven fabric according to the third embodiment.
Fig. 11 shows an enlarged perspective view of a net-like support member according to the third embodiment. Fig. 12
shows an enlarged perspective view of a nonwoven fabric according to the fourth embodiment. Fig. 13 shows an enlarged
perspective view of a nonwoven fabric according to the fifth embodiment. Fig. 14 shows an enlarged perspective view
of a nonwoven fabric according to the seventh embodiment. Fig. 15 shows an enlarged top view of a support member
for use in manufacturing the nonwoven fabric as described in Fig. 14. Fig. 16 shows a perspective cross section of a
nonwoven fabric of the present invention used as a top sheet of sanitary napkins. Fig. 17 shows a perspective view of
a nonwoven fabric of the present invention used as a top sheet of diapers. Fig. 18 shows a perspective cross section
of a nonwoven fabric of the present invention used as an intermediate sheet of absorbent products. Fig. 19 shows a
perspective view of a nonwoven fabric of the present invention used as an outer back of absorbent products.

1. First Embodiment

[0036] The nonwoven fabric of the present invention according to the first embodiment will be explained while referring
to Figs. 2 to 5.
[0037] The nonwoven fabric 110 according to the first embodiment is a nonwoven fabric formed by blowing(jetting) a
fluid, consisting mainly of gaseous matter, into a fiber aggregate. A groove portion 1, which is an injected area to which
the fluid, consisting mainly of gaseous matter, is jetted, and a convex portion 2, which is a nonjetted area to which the
fluid, consisting mainly of gaseous matter, is not jetted, are formed. Furthermore, the nonwoven fabric 110 is a nonwoven
fabric which has been adjusted so as the fiber density of the groove portion 1 to less than the fiber density of the convex
portion 2.

1.1. Shape

[0038] In the nonwoven fabric 110 according to the first embodiment, a number of groove portions 1 are formed in
parallel with each other at approximately regular intervals on one side of the nonwoven fabric 110 as shown in Figs. 2A,
2B and 3. A number of convex portions 2 are formed between each of the groove portions 1 formed at approximately
regular intervals. The convex portions 2 are formed in parallel with each other at approximately regular intervals similarly
to the groove portions 1.
[0039] The height of the convex portions 2 in the thickness direction of the nonwoven fabric 110 according to the first
embodiment is 0.3 mm to 15 mm and preferably 0.5 mm to 5 mm, for example. The length of one convex portion 2 in
the width direction is 0.5 mm to 30 mm and preferably 1.0 mm to 10 mm. The distance between tops of adjacent convex
portions 2 across the groove portion 1 is 0.5 mm to 30 mm and preferably 3 mm to 10 mm, for example.
[0040] The length of the groove portion 1 in the thickness direction of the nonwoven fabric 110 is no greater than 90%,
preferably 1% to 50% and more preferably 5% to 20% of the height of the convex portion 2, for example. The length of
the groove 1 in the width direction is 0.1 mm to 30 mm and preferably 0.5 mm to 10 mm, for example. The pitch between
adjacent groove portions 1 across the convex portion 2 is 0.5 mm to 20 mm and preferably 3 mm to 10 mm, for example.
[0041] When the nonwoven fabric 110 is used as a top sheet of absorbent products, for example, the groove portions
1, which are suitable for making a large quantity of predefined liquids less likely to spread broadly on the surface during
excretion, can be formed by following the above dimensions. Even if the convex portions 2 are crushed under excessive
external pressure, the spaces in the groove portions 1 are likely to be maintained, thereby making a predefined liquid
less likely to spread broadly on the surface during excretion or under external pressure. Furthermore, even if the predefined
liquid once absorbed by an absorbent core reverses its course as a result of external pressure, it is unlikely to excessively
reattach to the skin because of the irregularities formed on the surface of the nonwoven fabric 110, decreasing the
contact area with the skin.
[0042] The measurement methods of height, pitch and width of the groove portion 1 or convex portion 2 are as follows.
For example, a nonwoven fabric 110 is placed on a table in the absence of pressure, and measurements are taken from
a cross sectional photograph or a cross sectional image of the nonwoven fabric 110 by means of a microscope. Meanwhile,
the sample of nonwoven fabric 110 is cut through the convex portion 2 and the groove portion 1.
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[0043] When height in the thickness direction is measured, it is determined by measuring from the lowest point (surface
of the table) of the nonwoven fabric 110 to each of the highest points of the convex portion 2 and the groove portion 1.
[0044] Pitch is determined by measuring the distance between the tops of adjacent convex portions 2 and the same
is done for the groove portions 1.
[0045] Width is determined by measuring the greatest width from the lowest point (surface of the table) of the nonwoven
fabric 110 to the base of the convex portion 2 and the greatest width of the base of the groove portion 1 is measured
similarly.
[0046] The cross sectional shape of the convex portion 2 is not particularly limited. Examples may include dome,
trapezoidal, triangular, Q-like and tetragonal shapes. It is preferable for sides and near tops of the convex portions 2 to
be curved in order to improve the texture. Moreover, to be able to keep spaces by groove portions 1 when the convex
portions 2 are crushed under external pressure, it is preferable for the width between the base to the top of the convex
portions 2 to be narrow. Examples of preferable cross sectional shapes of the convex portions 2 include curved line
(curved surface) such as approximate dome shape.
[0047] The groove portions 1 according to the first embodiment are formed in parallel with each other at approximately
regular intervals, however, they are not limited to the above and may be formed at irregular intervals, or may not be in
parallel with each other and the intervals between groove portions 1 may also vary.
[0048] Even though heights (in the thickness direction) of the convex portions 2 of the nonwoven fabric 110 according
to the first embodiment are approximately uniform, the convex portions 2 may be formed so that the adjacent convex
portions 2 have different heights. For example, heights of the convex portions 2 can be adjusted by regulating intervals
of the ejection holes 913, as will be described later, from which fluids, consisting mainly of gaseous matter are ejected.
For example, the height of the convex portions 2 can be decreased by narrowing the intervals of the ejection holes 913,
and alternatively, the height of the convex portions 2 can be increased by widening the intervals of the ejection holes
913. Furthermore, the convex portions 2 having different heights can be formed alternately by forming the ejection holes
913 at a narrow interval and a wide interval in alternate fashion. If the heights of the convex portions 2 are partially
changed, the contact area with skin is reduced, thereby reducing adverse effects on the skin.

1.2. Fiber Orientation

[0049] The areas with various content of the longitudinally oriented fibers, which are the fibers 101 oriented in a
longitudinal direction, i.e., a machine direction, are formed in the nonwoven fabric 110 as shown in Figs. 2A, 2B and 3.
Examples of the areas with various content include groove portions 1, side portion 8 that are included in the convex
portions 2 and center portions 9.
[0050] The first direction is a longitudinal direction, that is, a machine direction and the second directions is a width
direction, which is a cross direction according to the first embodiment.
[0051] When the fibers 101 are oriented at angles in the range of +45° and -45° relative to the longitudinal direction
(machine direction), the fibers 101 are said to be oriented in the longitudinal direction(machine direction), and the fibers
oriented in the longitudinal direction are called "longitudinally oriented fibers". When the fibers 101 are oriented at angles
in the range of +45° and -45° relative to the width direction, the fibers 101 are said to be oriented in the width (lateral)
direction, and the fibers oriented in the width direction are called "laterally oriented fibers".
[0052] The side portions 8 are side areas of the convex portions 2 and the fibers 101 in the side portions 8 are formed
in a way so that the content of the longitudinally oriented fibers becomes higher than the content of the longitudinally
oriented fibers in the center portions 9, which are the areas sandwiched between the side portions 8 of convex portions
2. For example, the content of the longitudinally oriented fibers in the side portions 8 is 55% to 100% and preferably
60% to 100%. When the content of the longitudinally oriented fibers in the side portions 8 is less than 55%, the side
portions 8 may be stretched by laterally applied tension. This extension of the side portions 8 may further cause extension
of the groove portions 1 or the center portions 9 described below by the laterally applied tension.
[0053] The center portions 9 are areas sandwiched between side portions 8, which are the side areas of the convex
portions 2, and the content of the longitudinally oriented fibers is less than that of side portions 8. It is preferable for the
center portions 9 to contain an appropriate mixture of longitudinally oriented fibers and laterally oriented fibers.
[0054] For example, the center portions 9 are formed so that the content of the longitudinally oriented fibers in the
center portions 9 is at least 10% less than the content in the side portions 8, and at least 10% greater than the content
of the longitudinally oriented fibers in the base of the groove portions 1 described later. Specifically, the content of the
longitudinally oriented fibers in the center portions 9 are preferably in the range of 40% to 80%.
[0055] Since the groove portions 1 are the areas where fluids, consisting mainly of gaseous matter (hot air, for example),
are jetted directly as described above, the longitudinally oriented fibers in the groove portions 1 are jetted and gathered
to the side portions 8. The laterally oriented fibers in the groove portions 1 are left in the base of groove portions 1. The
content of the laterally oriented fibers in the fibers 101 in the base of the groove portions 1 becomes greater than the
content of the longitudinally oriented fibers.
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[0056] For example, the content of the longitudinally oriented fibers in the groove portions 1 is at least 10% less than
the content of the longitudinally oriented fibers in the center portions 9. Therefore, the content of the longitudinally oriented
fibers in the base of the groove portions 1 is the least in the nonwoven fabric 110 whereas the content of the laterally
oriented fibers is the greatest. Specifically, the content of the longitudinally oriented fibers is from 0% to 45% and
preferably from 0% to 40%. When the content of the longitudinally oriented fibers is greater than 45%, increasing the
strength of the nonwoven fabric in the width direction becomes difficult because of low fiber weight in the groove portions
1 as described later. For example, when the nonwoven fabric 110 is used as a top sheet of absorbent products, the
absorbent products may be twisted in the width direction or damaged due to friction against human body during use.
[0057] The measurement of the fiber orientation was performed by the measurement method described below using
a digital microscope VHX-100 by Keyence Corporation. (1) A sample is set on the observation table in a way so that the
longitudinal direction is in the machine direction. (2) Fibers irregularly protruding in front are removed and the lens is
focused on the nearest front fiber of the sample. (3) Depth is set and a 3D image of the sample is created on the computer
screen. Next, (4) the 3D image is converted to a 2D image. (5) A number of parallel lines are drawn on the screen equally
dividing the longer direction in the measurement range into a number of cells. (6) Fiber orientation in each cell is observed
and determined if it is in the longer direction or the width direction and the number of fibers oriented in each direction is
measured. (7) The ratio of the number of fibers oriented in the longer direction and the ratio of number of fibers oriented
in the width direction are calculated relative to the total number of fibers within the measurement range, thereby deter-
mining the fiber orientation.

1.3. Fiber Sparsity and Density

[0058] As shown in Figs. 2A, 2B and 3, the groove portions 1 are adjusted so as to have a lower fiber density of the
fiber 101 than that of convex portions 2. Moreover, the fiber density of the groove portions 1 can be optionallyadjusted
depending on the various conditions such as amount of fluids, consisting mainly of gaseous matter (hot air, for example),
or tension applied to the nonwoven fabric 110. The fiber density of the convex portions 2 are set to be greater than the
fiber density of the groove portions 1.
[0059] Specifically, the fiber density in the base of the groove portions 1 is no greater than 0.18 g/cm3, preferably
0.002 g/cm3 to 0.18 g/cm3 and more preferably 0.005 g/cm3 to 0.05 g/cm3, for example. When the fiber density in the
base of the groove portions 1 is less than 0.002 g/cm3, the nonwoven fabric 110 may be easily damaged while being
used for absorbent products, for example. When the fiber density in the base of the groove portions 1 is greater than
0.18 g/cm3, liquids become less likely to be transferred downwards and are collected in the base of the groove portions
1, possibly causing the user to experience a wet feeling.
[0060] The fiber density of the fiber 101 in the convex portions 2 is adjusted to be greater than the groove portions 1.
The fiber density of the concave portions 2 can be optionally adjusted depending on the various conditions such as
amount of fluids, consisting mainly of gaseous matter (hot air, for example), or tension applied to the nonwoven fabric 110.
[0061] Specifically, the fiber density of the convex portions 2 is no greater than 0.20 g/cm3, preferably 0.005 g/cm3 to
0.20 g/cm3 and more preferably 0.007 g/cm3 to 0.07 g/cm3, for example. When the fiber density of the convex portions
2 is less than 0.005 g/cm3, not only the convex portions 2 are likely to be crushed by the weight of the liquid contained
therein or external pressure, but the liquid once absorbed may reverse its course under the additional pressure. When
the fiber density of the convex portions 2 is greater than 0.20 g/cm3, the predefined liquid fed into the convex portions
2 becomes less likely to be transferred downwards and is collected in the convex portions 2, possibly causing the user
to experience a wet feeling.
[0062] Specifically, the fiber density of the center portions 9 in the convex portions 2 is 0 g/cm3 to 0.20 g/cm3, preferably
0.005 g/cm3 to 0.20 g/cm3 and more preferably 0.007 g/cm3 to 0.07 g/cm3, for example. When the fiber density of the
center portions 9 is less than 0.005 g/cm3, not only the center portions 9 is likely to be crushed by weight of the liquid
contained therein or by external pressure, but the liquid once absorbed may reverse its course under the additional
pressure. When the fiber density of the center portions 9 is greater than 0.20 g/cm3, the liquid contained in the center
portions 9 becomes less likely to be transferred downwards and is collected in the center portions 9, possibly causing
the user to experience a wet feeling.
[0063] The fiber density of the side portions 8, which are the sides of the convex portions 2, can be optionally adjusted
depending on the various conditions such as amount of fluids, consisting mainly of gaseous matter (hot air, for example),
or tension applied to the nonwoven fabric 110. Specifically, the fiber density of the side portions 8 is 0 g/cm3 to 0.40
g/cm3, preferably 0.007 g/cm3 to 0.25 g/cm3 and more preferably 0.01 g/cm3 to 0.20 g/cm3, for example. When the fiber
density of the side portions 8 is less than 0.007 g/cm3, the side portions 8 may be stretched due to laterally applied
tension. When the fiber density of the side portions 8 is greater than 0.40 g/cm3, the liquid contained in the side portions
8 becomes less likely to be transferred downwards and is collected in the side portions 8, possibly causing the user to
experience a wet feeling.
[0064] The nonwoven fabric 110 is formed in a way so that the percent open area measured from a surface where
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the convex portions 2 protrude, which is a side in the thickness direction of the nonwoven fabric 110, becomes lower
than the percent open area measured from opposite side of the surface where the convex portions 2 protrude, which is
the other side in the thickness direction of the nonwoven fabric 110.
[0065] In the fiber web 100 conveyed on the net-like support member 210, fiber 101 is moved by gravitational force
to the surface opposite the surface to which fluids, consisting mainly of gaseous matter, are jetted, and the distances
between fibers in locations near the opposite surface are likely to be narrow. At the same time, distances between fibers
are likely to become wider as the surface, to which fluids consisting mainly of gaseous matter are jetted, is approached.
[0066] The fluid, consisting mainly of gaseous matter, is further jetted to the fiber 101 near the net-like support member
210, pushing the fiber 101 against the net-like support member 210 and orientating the fiber 101 in a direction parallel
with the net-like support member 210. Additionally, the distances between the fibers narrows and the fibers are more
likely to be closely packed. If heating is performed in this condition, the fibers become heat-sealed thereby decreasing
the degree of freedom of the fibers 101 and lowering the percent open area between the fibers.
[0067] On the other hand, as the fluids, consisting mainly of gaseous matter, approach from a surface of the net-like
support member 210 of the injected side, fibers are not crushed excessively, and the fibers 101 are partially orientated
so as to be vertical to the net-like support member 210 because of the jetted fluids, consisting mainly of gaseous matter,
hitting the net-like support member 210 and bouncing back in the convex portions. If the fibers are heat-sealed to each
other in the above condition, degree of freedom of the fibers 101 in convex portions 2 to which the fluids, consisting
mainly of gaseous matter, is jetted is increased and the percent open area between the fibers is increased.
[0068] Meanwhile, percent open area is a percentage of open area where fibers do not exist relative to the total unit
area. The measurement method of percent open area is as follow.
[0069] The measurement was performed by means of the digital microscope VHX-100 by Keyence Corporation. First,
(1) a sample is set on the observation table of the measurement device in a way so that the directions along the groove
portions 1 and convex portions 2 are in the longitudinal direction. (2) Measurements are performed at the top of the
convex portions 2 from a surface where the convex portions 2 protrude and the surface opposite the surface where the
convex portions 2 protrude.

(3) Magnification level of the lens in the measurement device and on the computer screen are set appropriately,
and the lens is focused on the nearest front fiber of the sample (excluding the irregular protruding fibers). (4) The
depth is set appropriately to form a 3D image of the sample.
(5) The 3D image is converted into a 2D image, and the set volume is converted into two dimensions to identify the
open area between fibers within that range. Furthermore, (6) the 2D image is binarized (made a segmentation)and
colors of places where fibers exist are converted into white, and the places where fibers do not exist are converted
into black. And (7) colors are then inverted and the places where fibers do not exist are turned to white and the
areas, etc. of the whitened places are measured.

[0070] In this measurement, magnification was set at 300 times, depth was set at 220 mm (a photograph was taken
once every 20 mm, a total of 11 times) and measured at n=10 and average values were determined.
[0071] The percent open area is calculated as follow. 

[0072] Total area was calculated by dividing the total area at measurement by the enlargement magnification at
measurement, and the area of measurement range is calculated by dividing the area of measurement range during
measurement by the expansion magnification at measurement.
[0073] As the percent open area increases, distances between fibers also increase and the fabric takes on a more a
coarse texture, and the fibers easily move with a high degree of freedom. Since the nonwoven fabric in which distances
between fibers are increased by having some openings has a large percent open area per single unit area, the distances
between fibers in entire surface of the nonwoven fabric to which fluids, consisting mainly of gaseous matter, are jetted
are wide. For this reason, when the nonwoven fabric is used for absorbent products, for example, resistance against
the predefined liquid, such as excretory substance, when permeating through the nonwoven fabric 110 can be lowered
entirely, thereby enabling the liquid to be easily transferred to an absorbent core.
[0074] The open area per single unit area is a percentage of total area of open area where no fibers exist relative to
the number of open areas between the places that fibers exist within a predefined range. This can be calculated with
the following formula. 
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[0075] The difference between the percent open area measured from surfaces of the convex portions 2 where the
convex portions 2 protrude and the percent open area measured from the surface opposite the surface where the convex
portions 2 protrude is no less than 5%, preferably 5% to 80% and more preferably 15% to 40%, for example.
[0076] Moreover, the percent open area measured from the surface where the convex portions 2 protrude is no less
than 50%, preferably 50% to 90% and more preferably 50% to 80%, for example.
[0077] Furthermore, the open area per single unit area measured from the surface where the convex portions 2 protrude
is no less than 3,000 mm2, preferably 3,000 mm2 to 30,000 mm2 and more preferably 5,000 mm2 to 20,000 mm2, for
example.

1.4. Weight

[0078] Specifically, the average weight of entire nonwoven fabric 110 is 10 g/m2 to 200 g/m2 and preferably 20 g/m2

to 100 g/m2, for example. If the nonwoven fabric 110 is used as a top sheet of absorbent products, for example, and
when the average fiber weight is less than 10 g/m2, the top sheet may be easily damaged during use. Moreover, when
the average fiber weight of the nonwoven fabric 110 is more than 200 g/m2, absorbed liquid may not be transferred
downward smoothly.
[0079] As shown in Figs. 2A, 2B and 3, groove portions 1 are adjusted so as to have lower weight of the fibers 101
as compared to that of the convex portions 2. The weight of the groove portions 1 is adjusted to be less than the entire
average weight including grove portions 1 and convex portions 2. Specifically, the weight in the base of the groove
portions 1 is 3 g/m2 to 150 g/m2 and preferably 5 g/m2 to 80 g/m2, for example. When the weight in the base of the
groove portions 1 is less than 3 g/m2, and if the nonwoven fabric is used as a top sheet of absorbent products, the top
sheet may be easily damaged during use of the absorbent products. When the weight in the base of the groove portions
1 is more than 150 g/m2, the liquid fed into the groove portions 1 becomes unlikely to be transferred downward and
collected in the groove portions 1, possibly causing the user to experience a wet feeling.
[0080] The convex portions 2 are adjusted so as to have a greater average weight of the fibers 101 as compared to
that of the groove portions 1. The fiber weight of the center portions 9 in the convex portions 2 is 15 g/m2 to 250 g/m2

and preferably 20 g/m2 to 120 g/m2, for example. When the fiber weight of the center portions 9 is less than 15 g/m2,
not only the center portions 9 are likely to be crushed by weight of the liquid contained therein or external pressure, but
the liquid once absorbed may be likely to reverse its course under additional pressure. When the fiber weight of the
center portions 9 is more than 250 g/m2, the absorbed liquid becomes less likely to be transferred downward and is
collected in the center portions 9, possibly causing the user to experience a wet feeling.
[0081] The weight of the side portions 8, which are the sides of the convex portions 2, can be optionally adjusted
depending on various conditions such as amount of fluids, consisting mainly of gaseous matter (hot air, for example),
or tension applied to the nonwoven fabric 110. Specifically, the weight of side portions 8 is 20 g/m2 to 280 g/m2 and
preferably 25 g/m2 to 150 g/m2, for example. When the weight of the side portions 8 is less than 20 g/m2, the side portions
8 may be stretched due to laterally applied tension. When the weight of the side portions 8 is more than 280 g/m2, the
liquid contained in the side portions 8 becomes less likely to be transferred downward and is collected in the side portions
8, possibly causing the user to experience a wet feeling.
[0082] The weight in the base of groove portions 1 is adjusted to be less than the average weight of entire convex
portions 2 containing side portions 8 and center portions 9. For example, weight in the base of the groove portions 1
relative to the average weight of the convex portions 2 is no greater than 90%, preferably 3% to 90% and more preferably
3% to 70%. When the weight in the base of groove portions 1 relative to the average weight of the convex portions 2 is
more than 90%, resistance against the liquid contained in the groove portions 1 is increased as it is transferred downwards
in the nonwoven fabric 110, and the liquid may overflow from the groove portions 1. When the weight in the base of
groove portions 1 relative to the average fiber weight of the convex portions 2 is less than 3%, and if the nonwoven
fabric is used as a top sheet of absorbent products, for example, the top sheet may be damaged easily during use of
the absorbent products.

1.5. Others

[0083] When the nonwoven fabric in the first embodiment is used for absorbing or transmitting a predefined liquid, for
example, it is unlikely to hold the liquid because the liquid penetrates through the groove portions 1, and the convex
portions 2 have a porous structure.
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[0084] The groove portions 1 are suitable for transmitting liquids because of low fiber density and low weight of the
fibers 101. Furthermore, it is possible to prevent the liquid from overflowing in the longitudinal direction of the groove
portions 1 and spreading broadly because the fibers 101 in the base of the groove portions 1 are oriented in the width
direction. Even though the fiber density of the groove portions 1 is low, the strength of the nonwoven fabric in the width
direction (CD strength) is increased as the fibers 101 are oriented in the width direction of the groove portions 1 (CD
(Cross Direction) orientation).
[0085] The weight of the convex portions 2 is adjusted to be high for increasing the number of fibers to thereby increase
the number of sealed points to maintain a porous structure.
[0086] The content of laterally oriented fibers per unit area in the groove portions 1 is greater than that of the center
portions 9, and the content of longitudinally oriented fibers per unit area in the side portions 8 is greater than that of the
center portions 9. The fibers 101 oriented in the thickness direction are contained in the center portions 9 in an amount
greater than that in the groove portions 1 or side portions 8. For this reason, even if the thickness of the convex portions
2 decreases due to the load given to the center portions 9, for example, when the load is released, it is likely to resume
its original height because of the rigidity of the fibers 101 oriented in the thickness direction. More specifically, it is
possible to form a nonwoven fabric which has a high ability to recover from compression.

1.6. Manufacturing Method

[0087] The method for manufacturing the nonwoven fabric 110 according to the first embodiment will be explained
below as shown in Figs. 4A, 4B and 9. First, a fiber web 100 is placed on an upper surface side of a net-like support
member 210 as a breathable support member. In other words, the fiber web 100 is supported from beneath by the net-
like support member 210.
[0088] As shown in Fig. 5, the nonwoven fabric 110 according to the first embodiment can be manufactured by moving
the net-like support member 210 supporting the fiber web 100 in a predetermined direction, and jetting a gaseous matter
continuously from the upper surface side of the fiber web 100 being moved.
[0089] Weaving a number of impervious wires 211 of specific thickness forms the support member 210. A number of
holes 213 are formed in the net-like support member by weaving the number of wires 211 at predefined intervals to
ensure ventilation.
[0090] A number of holes 213 with a small hole diameter are formed in the net-like support member 210 as shown in
Figs. 4A and 4B, and the gaseous matter jetted from the upper surface side of the fiber web 100 is ventilated downward
without being hampered by the net-like support member 210. The net-like support member 210 does not change the
flow of jetted gaseous matter significantly, and the fibers 101 are not moved downward in the net-like support member.
[0091] Therefore, the fibers 101 in the fiber web 100 are moved in a specified direction by the gaseous matter jetted
mainly from the upper surface side. Specifically, the fibers 101 are moved in a direction along the surface of the net-like
support member 210 because downward movement in the net-like support member 210 is restricted.
[0092] For example, the fibers 101 in an area where the gaseous matter is jetted are moved to an adjacent area. And
since the area where the gaseous matter is jetted moves in a specific direction, the fibers 101 are moved to each lateral
area sequentially as the gaseous matter is jetted in the specific direction.
[0093] This forms the groove portions 1 while the fiber 101 in the base of the groove portions 1 is moved so as to be
oriented in the width direction. Moreover, the convex portions 2 are formed between the groove portions 1, the fiber
density of the sides of the convex portions 2 is increased, and the fibers 101 are oriented in the longitudinal direction.
[0094] A nonwoven fabric manufacturing apparatus 90 for manufacturing the nonwoven fabric 110 according to the
first embodiment as shown in Figs. 6 and 7 contains a breathable support member 200 which supports the fiber web
100 as a fiber aggregate from one side, an ejection unit 910 from which fluids consisting mainly of gaseous matter are
jetted to one side of the fiber web 100, which is the fiber aggregate supported by the breathable support member 200
from the other side, and an air supplying unit not shown in figures.
[0095] The nonwoven fabric 110 is formed while the fiber web 100 is being conveyed sequentially by means of a
conveying unit in the nonwoven fabric manufacturing apparatus 90. The conveying unit moves the fiber web 100 as a
fiber aggregate while being supported from one side by the above breathable support member 200 in a specified direction.
Specifically, the fiber web 100 to which the fluids, consisting mainly of gaseous matter, are being jetted is moved in the
specified direction F. Examples of conveying unit include a conveyer 930 as shown in Fig. 6. The conveyer 930 contains
a ring-shaped, breathable belt unit 939 on which the breathable support member 200 is disposed, and rotating units 931
and 933, which rotates the ring-shaped breathable belt unit 939, are disposed on both sides in the longitudinal direction
in the horizontally long, ring-shaped breathable belt unit 939.
[0096] The breathable support member 200 can be changed appropriately depending on the nonwoven fabrics being
manufactured. For example, if the nonwoven fabric 110 according to the first embodiment is manufactured, the above
net-like support member 210 can be used as the breathable support member 200.
[0097] The breathable support member 200 (net-like support member 210) is moved in the specified direction F by



EP 2 034 069 B1

11

5

10

15

20

25

30

35

40

45

50

55

the conveyer 930 while supporting the fiber web 100 from beneath as described above. Specifically, the fiber web 100
is conveyed through the lower side of the ejection unit 910 as shown in Fig. 6. Furthermore, the fiber web 100 is conveyed
through the inside of the heater unit 950 having openings on both sides for heating units.
[0098] The ejection unit as shown in Fig. 8 contains an air supplying unit, not shown in the figures, and the ejection
unit 910. The air supplying unit, not shown in figures, is connected to the ejection unit 910 through the air supplying tube
920. The air supplying tube 920 is connected breathablly to an upper side of the ejection unit 910. A number of ejection
holes 913 are formed in the ejection unit 910 at predefined intervals as shown in Fig. 9.
[0099] The gaseous matter supplied from the air supplying unit, not shown in figures, to the ejection unit 910 through
the air supplying tube 920 is ejected from the ejection holes 913 formed in the ejection unit 910. The gaseous matter
ejected from the ejection holes 913 is jetted to the upper surface side of the fiber web 100 supported from beneath by
the breathable support member 200 (net-like support member 210) continuously. Specifically, the gaseous matter ejected
from the ejection holes 913 is jetted to the upper surface side of the fiber web 100 while being conveyed in the specified
direction F by means of the conveyer 930.
[0100] An air suction unit 915 disposed beneath the breathable support member 200 (net-like support member 210),
which is beneath the ejection unit 910, evacuates the gaseous matter ejected from the ejection unit 910 and ventilated
through the breathable support member 200 (net-like support member). It is also possible to position the air suction unit
915 to make the fiber web 100 stick to the breathable support member 200 (net-like support member) by suction force
of the air suction unit 915.
[0101] The suction force of the air-suction unit 915 may be at a level where the fibers 101 in the area where the fluids,
consisting mainly of gaseous matter, are jetted are pushed against the breathable support member 200 (net-like support
member 210). The shape of the fiber web 100 can be protected from crumbling due to the fluids, consisting mainly of
gaseous matter, being bounced back after hitting the impervious portion of the breathable support member 200 (the
wires 211 of the net-like support member 210, for example) by suctioning the jetted fluids, consisting mainly of gaseous
matter, by means of the air suction unit 915. The shapes of formed groove portions (irregularities) can be maintained
while being conveyed into the heater unit 950 by air flow. In this case, it is preferable for the fiber web 100 to be conveyed
to the heater unit 950 while being evacuated as well as being formed by air flow.
[0102] Since the fluid, consisting mainly of gaseous matter, is evacuated from beneath the breathable support member
200 (net-like support member 210), the fibers in the area where the fluid, consisting mainly of gaseous matter, is jetted
are conveyed while being pushed against the breathable support member 200 (net-like support member 210), and the
fibers are aggregated on the breathable support member 200 (net-like support member 210) side as a result. Moreover,
the fibers 101 are partially oriented in the thickness direction because of the jetted fluid, consisting mainly of gaseous
matter, is bounced back as it hits the impervious portion of the breathable support member 200 (the wires 211 of the
net-like support member 210, for example).
[0103] The temperature of the fluid, consisting mainly of gaseous matter, jetted from each of the ejection holes 913
may be a room temperature as described above, however, in order to improve formability of the groove portions (irreg-
ularities), etc., for example, the temperature may be adjusted to at least more than the softening point of thermoplastic
fibers of which the fiber aggregate consists, and the temperature is preferably in the range of +50°C to -50°C, which are
the melting points and more higher than softening points. If the fibers are softened, the shapes of the fibers being
reoriented are easily maintained by air flow, etc., because the repulsive force of the fibers themselves is lowered. If the
temperature is further increased, heat sealing between the fibers begins. Therefore, the shapes of the groove portions
(irregularities), etc., are more easily maintained. This makes conveying the fiber into the heater unit 950 while maintaining
the shapes of the groove portions (irregularities) easier.
[0104] Meanwhile, it is possible to change shapes of the convex portions 2 by adjusting the air volume, the temperature
and the amount of evacuated fluid, consisting mainly of gaseous matter, the breathability of the breathable support
member 200 and the weight of the fiber web 100. For example, when the amount of jetted fluid, consisting mainly of
gaseous matter, and the amount of evacuated fluid, consisting mainly of gaseous matter, are approximately equivalent,
or when the amount of evacuated fluid, consisting mainly of gaseous matter, is more than the amount of injected fluid,
consisting mainly of gaseous matter, the reverse side of the convex portions 2 in the nonwoven fabric 115 (nonwoven
fabric 110) is formed along the shape of the breathable support member 200 (net-like support member 210). Therefore,
when the breathable support member 200 (net-like support member 210) is flat, the reverse side of the nonwoven fabric
115 (nonwoven fabric 110) becomes substantially flat.
[0105] Moreover, the fiber web 100 can be conveyed into the heater unit 950 right after forming the groove portions
(irregularities) by air flow, or as they are forming, or the fiber web 100 can be conveyed into the heater unit 950 after
cooling by cool air, right after forming the groove portions (irregularities), by hot air (air flow at a specified temperature)
while maintaining the shapes of the groove portions (irregularities), formed by air flow.
[0106] The heater unit 950 as a heating unit has openings on both sides in a specified direction F. Through these
openings, the fiber web 100 (nonwoven fabric 110) placed on the breathable support member 200 (net-like support
member 210) conveyed by the conveyer 930 is continuously moved while staying in the heated space formed within the
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heater unit 950 for a predetermined time. For example, when thermoplastic fibers are contained in the fibers 101 of
which the fiber web 100 consists, (nonwoven fabric 110), a nonwoven fabric 115 (nonwoven fabric 110) in which fibers
101 are bonded by heat in the heating unit 950 can be obtained.

2. Other Embodiments

[0107] The nonwoven fabric of the present invention according to other embodiments will be explained below. The
features similar to the nonwoven fabric according to the first embodiment are not particularly explained in the embodiments
below, and numbers given to figures are the same as described in the first embodiment if this is the case.
[0108] The nonwoven fabric of the present invention according to the third, fourth, fifth and seventh embodiments will
be explained referring to Figs. 10 to 15. The third embodiment relates to the shape of the nonwoven fabric. The fourth
embodiment relates a surface opposite the surface on which convex portions and groove portions are formed in the
nonwoven fabric. The fifth embodiment relates to convex portions in the nonwoven fabric. The seventh embodiment
relates to groove portions in the nonwoven fabric.

2.2. Third Embodiment

[0109] The nonwoven fabric of the present invention according to the third embodiment will be explained referring to
Figs. 11 and 12.

2.2.1. Nonwoven Fabric

[0110] The nonwoven fabric 116 according to the third embodiment differs from the nonwoven fabric as described in
the first embodiment in having alternate roughness so that the entire nonwoven fabric 116 is crossed in the longitudinal
direction. The nonwoven fabric 116 according to the third embodiment will be explained focusing on the points differing
from the first embodiment.
[0111] The nonwoven fabric 116 according to the third embodiment is formed so as for the entire nonwoven fabric
116 to be corrugated in the longitudinal direction as machine direction.

2.2.2. Manufacturing Method

[0112] The method for manufacturing the nonwoven fabric 116 according to the third embodiment is similar to the
method described in the first embodiment except for the embodiment of the net-like support member 260 as a breathable
support member. Weaving a number of impervious wires 261 of specific thickness forms the net-like support member
260. A number of holes 263 are formed in the net-like support member 260 by weaving the number of wires 261 at
predefined intervals to ensure ventilation.
[0113] The net-like support member 260 according to the third embodiment is formed as being corrugated in the
direction parallel to the axis Y as shown in Fig.12, for example. The support member is corrugated in the direction parallel
to one of the longitudinal direction or the lateral direction of the net-like support member 260.
[0114] A number of holes 263 with a small hole diameter are formed in the net-like support member 260 as shown in
Fig. 12, and the fluid jetted from an upper surface side of the fiber web 100 is ventilated downward without being hampered
by the net-like support member 260. The net-like support member 260 does not change the flow of the jetted fluid,
consisting mainly of gaseous matter, significantly, and the fibers 101 are not moved downward in the net-like support
member 260.
[0115] Because the net-like support member 260 itself has a corrugated profile, the fiber web 100 is formed having a
corrugated profile conforming to the shape of the net-like support member 260 by the fluid consisting, mainly of gaseous
matter, jetted from the upper surface side of the fiber web 100.
[0116] Moving the fiber web 100 among the direction of axis X while the fluid, consisting mainly of gaseous matter, is
jetted to the fiber web 100 placed on the upper surface of the net-like support member 260 can form the nonwoven fabric
116.
[0117] The mode of corrugated shape of the net-like support member 260 may be arbitrarily set. For example, the
pitch between the tops of the corrugated shape in the X direction as shown in Fig. 12 is 1 mm to 30 mm and preferably
3 mm to 10 mm. Moreover, the difference between the top and the bottom of the corrugated shape of the net-like support
member 260 is 0.5 mm to 20 mm and preferably 3 mm to 10 mm, for example. The cross sectional shape of the net-
like support member 260 in the X direction is not only limited to corrugated profile as shown in Fig 12, and may be
substantially triangular in a continuous fashion with sharply-angled top and bottom points or having substantially quad-
rangular irregularities with substantially flat highest and lowest points.
[0118] The nonwoven fabric 116 according to the third embodiment can be manufactured by means of a nonwoven
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fabric manufacturing apparatus 90. The method for Manufacturing the nonwoven fabric 116 by means of the nonwoven
fabric manufacturing apparatus 90 can be referred to the explanation for the method for manufacturing the nonwoven
fabric 110 and the nonwoven fabric manufacturing apparatus 90 as described in the first embodiment.

2.3. Fourth Embodiment

[0119] The nonwoven fabric of the present invention according to the fourth embodiment will be explained referring
to Fig. 13.
[0120] The nonwoven fabric 140 according to the fourth embodiment differs from the nonwoven fabric as described
in the first embodiment in a mode that the surface opposite of the surface on which the groove portions 1 and the convex
portions 2 are formed in the nonwoven fabric 140 as shown in Fig. 13. The nonwoven fabric 140 according to the fourth
embodiment is explained below focusing on the points different from the first embodiment.

2.3.1. Nonwoven Fabric

[0121] The groove portions 1 and the convex portions 2 are formed alternately in parallel with each other on one side
of the nonwoven fabric 140 according to the fourth embodiment. The backside of the convex portions 2 protrude to the
side in which the convex portions 2 protrude on the other side of the nonwoven fabric 140. In other words, the bottoms
of the convex portions 2 on one side are hollowed to form concave portions on the other side of the nonwoven fabric
140. And the bottoms of the groove portions 1 on one side protrude conversely to form convex portions.

2.3.2. Manufacturing Method

[0122] The method for manufacturing the nonwoven fabric 140 according to the fourth embodiment is similar to that
described in the first embodiment. The support member similar to the net-like support member 210 as described in the
first embodiment can be used for manufacturing the nonwoven fabric 140.
[0123] According to the fourth embodiment, the fiber web 100 is moved along a specified direction while the fluid,
consisting mainly of gaseous matter, is jetted to the fiber web 100 placed on the net-like support member 210 and the
jetted fluid, consisting mainly of gaseous matter, is evacuated from beneath the net-like support member 210. The
amount of fluid, consisting mainly of gaseous matter, being evacuated is set to be less than the amount of the fluid,
consisting mainly of gaseous matter, being jetted. If the amount of fluid, consisting mainly of gaseous matter, being
jetted is greater than the amount of the fluid, consisting mainly of gaseous matter, being evacuated, the jetted fluid,
consisting mainly of gaseous matter, hits the net-like support member 210 as a breathable support member 200 and a
component is directed back and passes through the convex portions 2 from the bottom to the top. For this reason, the
lower surface side (bottom) of the convex portions 2 is formed in a substantially protruded shape in the same direction
as the upper surface side of the convex portions 2.
[0124] The nonwoven fabric 140 according to the fourth embodiment can be manufactured by means of the above
the nonwoven fabric manufacturing apparatus 90. The method for manufacturing the nonwoven fabric 140 by means of
the nonwoven fabric manufacturing apparatus 90 can be referred to the description of the method for manufacturing the
nonwoven fabric 110 and the nonwoven fabric manufacturing apparatus 90 as described in the first embodiment.

2.4. Fifth Embodiment

[0125] The nonwoven fabric of the present invention according to the fifth embodiment will be explained by referring
to Fig. 14.
[0126] The nonwoven fabric 150 according to the fifth embodiment differs from the nonwoven fabric as described in
the first embodiment in that the second convex portions 22 having heights different than that of the convex portions 2
are formed on one side of the nonwoven fabric 150 as shown in Fig. 14. The nonwoven fabric 150 according to the fifth
embodiment will be explained below focusing on the points different from the first embodiment.

2.4.1. Nonwoven Fabric

[0127] A number of groove portions 1 are formed in parallel with each other on one side of the nonwoven fabric 150
according to the fifth embodiment. A number of convex portions 2 and a number of the second convex portions 22 are
formed alternately between each of the formed groove portions 1. The convex portions 2 and the second convex portions
22 are formed in parallel with each other as the groove portions 1.
[0128] The convex portions 2 and the second convex portions 22 are the areas in the fiber web 100 where the fluid,
consisting mainly of gaseous matter, is not jetted, and the areas protrude reversely as the groove portions 1 are formed.
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For example, the height in the thickness direction of the second convex portions 22 is less and the length in the width
direction is less than that of the convex portions 2. The second convex portions 22 is the same as the convex portions
2 in terms of the fiber sparsity and density, fiber orientation and weight.
[0129] The convex portions 2 and the second convex portions 22 of the nonwoven fabric 150 are formed between
each of the groove portions 1 formed in parallel with each other. The convex portions 2 are formed so as to be adjacent
to the second convex portions 22 across the groove portions 1. The second convex portions 22 are formed so as to be
adjacent to the convex portions 2 across the groove portions 1. Specifically, they are formed in the order of the convex
portions 2, the groove portions 1, the second convex portions 22, the groove portions 1 and the convex portions 2
sequentially. In other words, the convex portions 2 and the second convex portions 22 are formed alternately across
the groove portions 1. The positional relationship of the convex portions 2 and the second convex portions 22 is not
limited to the above, and it is possible to form a number of convex portions 2 next to each other across the groove
portions 1 at least in part of the nonwoven fabric 150. Or, a number of second convex portions 22 can be formed next
to each other across the groove portions 1.
[0130] As for the fiber orientation and the fiber density of the second convex portions 22, the longitudinally oriented
fibers in the groove portions 1 are shifted to the side portions 88 of the second convex portions 22 making fiber weight
of the side portions 88 in the second convex portions 22 increase to a value similar to that of the convex portions 2 in
the nonwoven fabric 150. Furthermore, the amount of the longitudinally oriented fibers oriented in the longitudinal direction
as machine direction becomes greater than the amount of the laterally oriented fibers oriented in the width direction as
lateral direction in the side portions 88. In addition, the center portions 99 sandwiched between the side portions 88 in
the second convex portions 22 have a weight that is less than that of the side portions 88 and greater than that of the
groove portions 1.

2.5.2. Manufacturing Method

[0131] The method for manufacturing the nonwoven fabric 150 according to the fifth embodiment is similar to that
described in the first embodiment except for the embodiment of the ejection hole 913 of the nonwoven fabric manufacturing
apparatus 90 used for manufacturing the nonwoven fabric 150.
[0132] The nonwoven fabric 150 is formed by moving the fiber web 100 placed on an upper surface of the net-like
support member 260 in a specified direction while jetting a fluid, consisting mainly of gaseous matter. The groove portions
1, the convex portions 2 and the second convex portions 22 are formed during jetting of the fluid, consisting mainly of
gaseous matter, however, these configurations can be modified by the embodiment of the ejection holes 913 for the
fluid, consisting mainly of gaseous matter, in the nonwoven fabric Manufacturing apparatus 90.
[0133] The nonwoven fabric 150 as shown in Fig. 14 can be formed by adjusting intervals between the ejection holes
913 from which the fluid, consisting mainly of gaseous matter, is jetted. For example, a second convex portion 22 with
a height in the thickness direction being lower than that of the convex portions 2 can be formed by making the intervals
between the ejection holes 913 less than the intervals between the ejection holes 913 as described in the first embodiment.
Or a second convex portion 22 with a height in the thickness direction being greater than that of the convex portions 2
can be formed by increasing the intervals between the ejection holes 913 compared to the intervals between the ejection
holes 913 as described in the first embodiment. And disposing the narrow intervals and wide intervals alternately between
the ejection holes 913 forms the nonwoven fabric 150 in which the convex portions 2 and the second convex portions
22 are disposed alternately in parallel with each other across the groove portions 1. The intervals between the ejection
holes 913 are not limited to the above, and it is possible to alternatively set intervals depending on the heights of the
convex portions and arrangement with the second convex portions 22 in formed nonwoven fabric.
[0134] The nonwoven fabric 150 according to the fifth embodiment can be manufactured by means of the above the
nonwoven fabric manufacturing apparatus 90. The method for manufacturing the nonwoven fabric 150 by means of the
nonwoven fabric manufacturing apparatus 90 can be referred to the description of the method for manufacturing the
nonwoven fabric 110 and the nonwoven fabric manufacturing apparatus 90 as described in the first embodiment.

2.6. Seventh Embodiment

[0135] The nonwoven fabric of the present invention according to the seventh embodiment will be explained by referring
to Figs. 17 and 18.
[0136] The nonwoven fabric 170 according to the seventh embodiment as shown in Figs. 17 and 18 differs from the
nonwoven fabric as described in the first embodiment in forming hollowed portions 3A and protruded portions 4A in the
groove portions 1 formed on one side of the nonwoven fabric 170. The nonwoven fabric 170 according to the seventh
embodiment will be explained focusing on the points differing from the first embodiment.
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2.6.1. Nonwoven Fabric

[0137] A number of groove portions 1 are formed in parallel with each other at approximately regular intervals on one
side of the nonwoven fabric 170 according to the seventh embodiment as shown in Fig. 17. And each of the convex
portions 2 are formed between each of the groove portions 1. Furthermore, a number of hollowed portions 3A, which
are scarce areas where the fiber density is less than the groove portions 1, are formed at approximately regular intervals,
and each of the protruded portions 4A, which are areas other than the scarce areas, are formed between each of the
hollowed portions 3A.
[0138] The hollowed portions 3A are formed at approximately regular intervals according to the seventh embodiment;
however, the hollowed portions 3A may be formed at different intervals. Although the hollowed portions 3A as shown in
Fig. 17 indicate openings, it differs depending on the amount, intensity and evacuated amount of the jetted fluid, consisting
mainly of gaseous matter.
[0139] The height of the hollowed portions 3 in the thickness direction of the nonwoven fabric 170 is no greater than
90%, preferably 0% to 50% and more preferably 0% to 20% of the height of the protruded portions 4A in the thickness
direction of the nonwoven fabric, for example. The height of 0% indicates that the hollowed portions 3A are openings.
[0140] Both of the lengths of one hollowed portion 3A in the longitudinal direction and the width direction are 0.1 mm
to 30 mm and preferably 0.5 mm to 10 mm, for example. The pitch between adjacent hollowed portions 3A across the
protruded portion 4A is 0.5 mm to 30 mm and preferably 1 mm to 10 mm, for example.
[0141] The height of the protruded portion 4A in the thickness direction of the nonwoven fabric 170 is preferably 40%
to 70% of the height of the convex portions 2 in the thickness direction of the nonwoven fabric 170, for example.
[0142] The lengths of one protruded portion 4A in the longitudinal direction and the width direction of the nonwoven
fabric 170 are 0.1 mm to 30 mm and preferably 0.5 mm to 10 mm, for example. The pitch between tops of adjacent
protruded portions 4A across the hollowed portion 3A is 0.5 mm to 30 mm and preferably 1 mm to 10 mm, for example.
[0143] The cross-sectional shape of the protruded portions 4A in the longitudinal direction of the nonwoven fabric is
substantially rectangular in shape. Meanwhile, cross-sectional shape of the protruded portions 4A in the longitudinal
direction is not particularly limited to substantially rectangular shape and may be substantially dome, trapezoidal, trian-
gular and Ω-like in shape. It is preferably approximately rectangular in shape in order to prevent the predefined liquid in
the groove portions 1 from spreading. In addition, the top surface of the protruded portions 4A is preferably substantially
flat or curved for protecting the skin from feeling foreign body sensation while in contact with the protruded portions 4A
under excessive external pressure.
[0144] The cross sectional shape of the hollowed portions 3A in the longitudinal direction of the nonwoven fabric is
not particularly limited and may be dome, trapezoidal, Ω-like and rectangular in shape, or may be inverted shapes thereof.
It is preferable for the hollowed portions 3 to be openings because it can prevent the predefined liquid in the groove
portions 1 from spreading even if excessive external pressure is added or the contained predefined liquid is of high
viscosity.
[0145] The fibers of the adjacent protruded portions 4A across the hollowed portions 3A in the groove portions 1 are
wholly oriented along the width direction of the groove portions 1.
[0146] If the hollowed portions 3A are openings, the oriented fibers are shifted to the convex portions 2 side or the
laterally oriented fibers are shifted to the protruded portions 4A side by the jetted fluid, consisting mainly of gaseous
matter, in the openings. Therefore, the fibers 101 in the periphery of the openings are oriented as enclosing the periphery
of the openings. This makes openings unlikely to be crushed and blocked even if external pressure, etc. is added.
[0147] The fiber density of the formed protruded portions 4A in the groove portions 1 is greater than that of the hollowed
portions 3A in the groove portions 1.
[0148] The fiber densities of the hollowed portions 3A and the protruded portions 4A may be alternatively adjusted
depending on various conditions such as the amount of fluid, consisting mainly of gaseous matter, or tension applied to
the nonwoven fabric 110, similar to that of the convex portions 2 and the groove portions 1 as described in the first
embodiment. The hollowed portions 3 may not be openings.
[0149] The fiber density of the hollowed portions 3A is no greater than 0.20 g/cm3 and preferably 0.0 g/cm3 to 0.10
g/cm3, for example. The fiber density of 0.0 g/cm3 indicates that the hollowed portions 3A are openings. When the fiber
density is more than 0.20 g/cm3, the redefined liquid fed into the groove portions 1 is collected in the hollowed portions 3A.
[0150] When the nonwoven fabric 170 is used as a top sheet of absorbent products, for example, and users change
their positions, etc. while the predefined liquid is collected in the hollowed portions 3A, the predefined liquid overflows
easily from the hollowed portions 3A and spread into the groove portions 1, and may further spread into the surface of
the nonwoven fabric 170, marking the skin.
[0151] Moreover, the fiber density of the protruded portions 4A is no greater than 0.20 g/cm3, preferably 0.005 g/cm3

to 0.20 g/cm3 and more preferably 0.007 g/cm3 to 0.10 g/cm3, for example. When the fiber density of the protruded
portions 4A is less than 0.005 g/cm3, and if the convex portions 2 are crushed under excessive external pressure, the
protruded portions 4A are also crushed and the spaces being formed by the hollowed portions 3A in the groove portions
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1 may not be maintained.
[0152] When the fiber density of the protruded portions 4A is more than 0.20 g/cm3, the predefined liquid fed into the
groove portions 1 is collected in the protruded portions 4A, and if the nonwoven fabric 170 comes in direct contact with
the skin under excessive external pressure, users may feel wet.
[0153] The weight of the fibers 101 in formed hollowed portions 3A in the groove portions 1 is less than that of the
convex portions 2 and the protruded portions 4A. The weight of the formed hollowed portions 3A is the least in the
nonwoven fabric 170.
[0154] The weight of the hollowed portions 3A is 0 g/m2 to 100 g/m2 and preferably 0 g/m2 to 50 g/m2, for example.
The weight of the hollowed portions 3A of 0 g/m2 indicates that the hollowed portions 3A are openings. When the weight
of the hollowed portions 3A is more than 100 g/m2, the predefined liquid fed into the groove portions 1 is collected in
the hollowed portions 3A.
[0155] When the nonwoven fabric 170 is used as a top sheet of absorbent products, for example, and users change
their positions, etc. while the predefined liquid is collected in the hollowed portions 3A, the predefined liquid overflows
easily from the hollowed portions 3A and spread into the groove portions 1, and may further spread into the surface of
the nonwoven fabric 170, marking the skin.
[0156] The weight of the fibers 101 formed in protruded portions 4A in the groove portions 1 is greater than that of the
hollowed portions 3A. The weight of the protruded portions 4A is 5 g/m2 to 200 g/m2 and preferably 1-0 g/m2 to 100
g/m2, for example. When the weight of the protruded portions 4A is less than 5 g/m2, and if the convex portions 2 are
crushed under excessive external pressure, the protruded portions 4A are also crushed and the spaces being formed
by the hollowed portions 3A in the groove portions 1 may not be maintained.
[0157] Moreover, when the weight of the protruded portions 4A is more than 200 g/m2, the predefined liquid fed into
the groove portions 1 is collected in the protruded portions 4A, and if the nonwoven fabric 170 comes in direct contact
with the skin under excessive external pressure, users may feel wet.

2.6.2. Manufacturing Method

[0158] The method for manufacturing the nonwoven fabric 170 will be explained below. First, the fiber web 100 is
placed on an upper surface side of the support member 270 as breathable support member as shown in Fig. 18 as
described in the first embodiment. Stated differently, the fiber web 100 is supported by the support member 270 from
beneath.
[0159] The fiber web 100 is moved in a specified direction while being supported by the support member 270. The
nonwoven fabric 170 is manufactured by further jetting the fluid, consisting mainly of gaseous matter, from the upper
surface side of the fiber web being moved.
[0160] The support member 270 is a spirally woven breathable net formed by spirally twisting wires 272 of a predefined
thickness alternately around the wires 271 of a predefined thickness placed in almost parallel with each other as bridging
between the wires 271.
[0161] The wires 271 and the wires 272 become impervious parts in the support member 270. Moreover, the areas
surrounded by the wires 271 and the wires 272 in the support member 270 become holes 273 which are breathable parts.
[0162] The ventilation rate of this kind of support member 270 can be changed partially by partially changing the
weaving method or width or shape of the threads. For example, a support member 270 spirally woven using circular
stainless steel threads as wires 271 and flat stainless steel threads as wires 272 can be used.
[0163] The fluid, consisting mainly of gaseous matter, may be partially ventilated through the spaces between twisted
wires (two wires, for example) that are making up impervious parts of the wires 271 and 272.
[0164] In this case, the ventilation rate of the impervious wires is no greater than 90%, preferably 0% to 50% and more
preferably 0% to 20% relative to the ventilation rate of the holes 273 as ventilation units. The ventilation rate of 0%
indicates that the fluid consisting mainly of gaseous matter cannot be ventilated.
[0165] The ventilation rate in the areas such as holes 273 as ventilation units is 10,000 cc/cm2·min to 60,000 cc/cm2·min
and preferabl· 20,000 cc/cm2·min to 50,000 cc/cm2·min, for example. When a metallic plate is hollowed out, for example,
to form a ventilation unit as other breathable support member, however, the ventilation rate may be more than the above
value because resistance of the fluid, consisting mainly of gaseous matter, against the plate disappears.
[0166] The impervious areas in the support member have preferably better surface slippage than that of the areas
forming ventilation units. If the surface slippage of the impervious areas is better, the fibers 101 are likely to move in the
crossed points of the areas to which the fluid, consisting mainly of gaseous matter, is jetted and the impervious parts,
thereby improving formability of the hollowed portions 3A and the protruded portions 4A.
[0167] When the fluid, consisting mainly of gaseous matter, is jetted to the fiber web 100 supported by the support
member 270, the areas where the fluid, consisting mainly of gaseous matter, is jetted become the groove portions 1
and reversely, protruded portions become the convex portions 2 as the groove portions 1 are formed. The forming of
the groove portions 1 and the convex portions 2 are as described in the first embodiment.
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[0168] In addition, when the fluid, consisting mainly of gaseous matter, is jetted to the points where the wires 271 and
the wires 272 of the support member 270 cross with each other in the groove portions 1, the fluid, consisting mainly of
gaseous matter, is directed back at the crossed points. And the fibers 101 supported in the crossed points are shifted
to the surrounding area to form hollowed portions 3A.
[0169] The groove portions 1 are formed in the upper areas of the holes 273 of the support member 270 by jetting the
fluid, consisting mainly of gaseous matter, and the protruded portions 4A which are protruded conversely are formed by
forming the hollowed portions 3 in the groove portions 1.
[0170] The fibers 101 oriented in almost parallel with the groove portions 1 in the hollowed portions 3A are shifted to
the convex portions 2 side, and the fibers 101 oriented in the direction perpendicular to the direction along the groove
portions 1 are shifted to the protruded portions 4A side by the jetted fluid, consisting mainly of gaseous matter. For this
reason, weight of the hollowed portions 3A decreases.
[0171] Meanwhile, the fibers 101 are shifted to the protruded portions 4A from the hollowed portions 3A increasing
the weight of the protruded portions 4A compared to that of the hollowed portions 3A.
[0172] As the other method for manufacturing the nonwoven fabric, a nonwoven fabric on which the groove portions
1 and the convex portions 2 are formed is manufactured first as described in the first embodiment, and the (nonwoven
fabric 170 is then manufactured by forming hollowed portions 3A and the protruded portions 4A by embossing the groove
portions 1. In this case, the relationships between the hollowed portions 3A and the protruded portions 4A in terms of
fiber density or weight may be opposite to the relationships described in the seventh embodiment. More specifically, the
fiber density or weight of the protruded portions 4A may be less than the fiber density or weight of the hollowed portions 3A.
[0173] As the other method for manufacturing the nonwoven fabric 170, irregularities such as convex portions 2 or
grove portions 1 are formed on the fiber web 100 in advance, and the fluid, consisting mainly of gaseous matter, may
be jetted to where the other movable fiber webs are lapped over the fiber web 100. The convex portions and the groove
portions are formed in the upper layer of the fiber webs by the jetted fluid, consisting mainly of gaseous matter, whereas
the protruded portions and the hollowed portions according to the seventh embodiment are formed because irregularities
formed by fiber webs of lower layers are exposed due to low weight of the groove portions. The fiber webs in the upper
and the lower layers are then combined by heat treatment.
[0174] The nonwoven fabric 170 according to the seventh embodiment can be manufactured by means of the above
nonwoven fabric manufacturing apparatus 90. The method for manufacturing the nonwoven fabric 170 by means of the
nonwoven fabric manufacturing apparatus 90 can be referred to the description for explaining the method for manufac-
turing the nonwoven fabric 110 and the nonwoven fabric manufacturing apparatus 90 as described in the first embodiment.

3. Examples

3.1. Example 1

Fiber Structure

[0175] A blended cotton containing a fiber A coated with hydrophilic and lipophilic agent having a core-in-sheath
structure of low-density polyethylene (melting point: 110°C) and polyethylene terephthalate, an average fineness of 3.3
dtex and an average fiber length of 51 mm, and a fiber B, which is different from fiber A in the point that being coated
with water and oil repellent agent having a core-in-sheath structure of high-density polyethylene (melting point: 135°C)
and polyethylene terephthalate are used. The mixing ratio of the fiber A and the fiber B is 70:30, and a fiber aggregate
with adjusted weight of 40 g/m2 is used.
[0176] The flexibility of the nonwoven fabric is increased by the difference in strength of cross points of fibers caused
by the difference between the melting points of the sheath component in the fibers A and the fibers B. Specifically, if the
temperature of the oven is set at 120°C, for example, the fibers are heat-sealed at cross points between fibers A or the
fibers A and the fibers B because of the molten low-density polyethylene, and in addition, the strength of cross points
between fibers A becomes larger than the strength of cross points between fibers B because large amount of the low-
density polyethylene is melted. Moreover, heat sealing does not take place between fibers B because high-density
polyethylene is not melted. Stated differently, the strength of cross points between fibers A is more than the strength of
cross points between fibers A and fibers B, and the strength of cross points between fibers A and fibers B is greater
than the strength of cross points between fibers B.

Manufacture Condition

[0177] A number of ejection holes 913 having a diameter of 1.0 mm are formed at a pitch of 6.0 mm as shown in Fig.
9. The shape of the ejection holes 913 is circle, and the ejections holes 913 is cylindrical shape. The width of the ejection
unit 910 is 500 mm. Hot air is jetted at a temperature of 105°C and an air volume of 1,200 L/min.
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[0178] The above fiber structure is then opened by means of a card apparatus at a speed of 20 m/min to form fiber
webs and the fiber webs are cut to give each fiber web a width of 450 mm. The fiber webs are conveyed onto a breathable
net of 20 mesh at a speed of 3 m/min. Moreover, hot air is jetted to the fiber webs at a manufacture condition of above
ejection unit 910 and the ejection holes 913 while suctioning the hot air from beneath the breathable net in the volume
less than the hot air jetted. Afterward, the fiber webs are conveyed on the breathable net through inside an oven set at
a temperature of 125°C and a hot air volume of 1OHz for approximately 30 seconds.

Result

[0179] Convex portions: 51 g/m2 weight, 3.4 mm thickness (2.3 mm thickness at the top), 0.03 g/cm3 fiber density,
4.6 mm width per convex portion, 5.9 mm pitch.
[0180] Groove portions: 24 g/m2 weight, 1.7 mm thickness, 0.01 g/cm3 fiber density, 1.2 mm width per groove portion,
5.8 mm pitch.
[0181] Value of percent open area between fibers: 69% measured from the convex portion side and 51% measured
from the surface opposite the surface where the convex portions protrude.
[0182] Open area per single unit area between fibers: 8,239 mm2 per single unit area measured from the surface
where the convex portions protrude and 1,787 mm2 per single unit area measured from the surface opposite the surface
where the convex portions protrude.
[0183] Shape: The reverse side of the groove portions becomes the most reverse surface of the nonwoven fabric,
and the shape of the reverse surface of the convex portions protrude in the same direction as the convex portions not
forming the most reverse side of the nonwoven fabric. In addition, the convex portions are formed as having substantially
dome shape, and the convex portions and the grove portions are formed sequentially so as to be extending along the
longitudinal direction. The convex portions and the groove portions are formed alternately in the width direction. Fur-
thermore, the outermost surfaces of the convex portions are formed in a way so that the strength of cross points between
fibers differs partially, and the fiber density becomes the least when compared to the fiber density of the nonwoven fabric
formed in other examples which will be explained later.

3.2. Example 2

Fiber Structure

[0184] The fiber structure is as similar to that described in Example 1.

Manufacture Condition

[0185] The fiber webs of the above-mentioned fiber structure are placed on a breathable net and conveyed inside of
an oven set at a temperature of 125°C and a hot air volume of 10 Hz for approximately 30 seconds. Right after the fiber
web is carried out from the oven (approximately after 2 seconds), hot air is jetted to the fiber webs using the above-
mentioned ejection unit 910 and the ejection holes 913 at a temperature of 120°C and an air volume of 2,200 L/min.

Result

[0186] Convex portions: 34 g/m2 weight, 2.8 mm thickness (2.3 mm thickness at the top), 0.04 g/cm3 fiber density,
4.0 mm width per convex portion, 6.1 mm pitch.
[0187] Groove portions: 21 g/m2 weight, 1.1 mm thickness, 0.02 g/cm3 fiber density, 2.1 mm width per groove portion,
6.1 mm pitch.
[0188] Value of percent open area between fibers: 62% measured from the convex portion side and 48% measured
from the surface opposite of the surface where the convex portions protrude.
[0189] Open area per single unit area between fibers: 7,239 mm2 per single unit area measured from the surface
where the convex portions protrude and 1,221 mm2 per single unit area measured from the surface opposite of the
surface where the convex portions protrude.
[0190] Shape: The convex portions and the groove portions are formed.

3.3. Example 3

Fiber Structure

[0191] The fiber structure is as similar to that described in Example 1.
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Manufacture Condition

[0192] Hot air is jetted to the fiber webs using the above-mentioned ejection unit 910 and ejection holes 913 at a
temperature of 105°C and an air volume of 1,000 L/min while evacuating almost the same or a slightly larger volume of
the injected hot air.

Result

[0193] Convex portions: 49 g/m2 weight, 3.5 mm thickness, 0.02 g/cm3 fiber density, 4.7 mm width per convex portion,
6.1 mm pitch.
[0194] Groove portions: 21 g/m2 weight, 1.8 mm thickness, 0.01 g/cm3 fiber density, 1.4 mm width per groove portion,
6.1 mm pitch.
[0195] Percent open area between fibers: 69% measured from the convex portion side and 55% measured from the
surface opposite of the surface where the convex portions protrude.
[0196] Open area per single unit area between fibers: 14,477 mm2 per single unit area measured from the surface
where the convex portions protrude and 1,919 mm2 per single unit area measured from the surface opposite the surface
where the convex portions protrude.
[0197] Shape: The convex portions and the groove portions are formed, and the reverse surface of the convex portions
is substantially flat so as to come in contact with the lower side.

3.4. Example 4

Fiber Structure

[0198] The fiber structure is as similar to that described in Example 1.

Manufacture Condition

[0199] Air flow is jetted using the above-mentioned ejection unit 910 and ejection holes 913 at a temperature of 80°C
and an air volume of 1,800 L/min. The fiber webs of above-mentioned fiber structure are punched by needles placed
zigzag at a pitch of 5 mm in a longitudinal direction and a pitch of 5 mm in the width direction at a rate of 200 times/min
and a speed of 3 m/min along the longitudinal direction in order to make fibers half tangled. Afterward, air flow is jetted
by the ejection unit 910 and ejection holes 913 at above-mentioned condition while evacuating almost the same or a
slightly larger volume of hot air from beneath the breathable net.

Result

[0200] Convex portions: 45 g/m2 fiber weight, 2.3 mm thickness, 0.02 g/cm3 fiber density, 4.3 mm width per convex
portion, 5.8 mm pitch.
[0201] Groove portions: 17 g/m2 weight, 0.8 mm thickness, 0.02 g/cm3 fiber density, 1.0 mm width per groove portion,
5.9 mm pitch.
[0202] Percent open area between fibers: 64% measured from the convex portion side and 47% measured from the
surface opposite of the surface where the convex portions protrude.
[0203] Open area per single unit area between fibers: 8,199 mm2 per single unit area measured from the surface
where the convex portions protrude and 1,576 mm2 per single unit area measured from the surface opposite the surface
where the convex portions protrude.
[0204] Shape: The convex portions and the groove portions are formed sequentially so as to be extended along the
longitudinal direction. Moreover, convex portions and the groove portions are formed so as to have tangled points partially
oriented downward and in an alternate fashion in the width direction.

4. Examples of Application

[0205] For example, the nonwoven fabric of the present invention can be used as a top sheet of absorbent products
such as sanitary napkins, pantiliners and diapers. In this case, the convex portions may be the side which comes in
contact with the skin or the reverse side, but making the convex portions the side which comes in contact with the skin,
the contact area with the skin is reduced and it may be unlikely for the users to feel wet from the body fluid. In addition,
the nonwoven fabric may be used as intermediate sheets between top sheets and absorbent cores of the absorbent
products. The contact area with the top sheets or absorbent cores is reduced, thereby making the liquid unlikely to
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reverse its course from the absorbent cores. Furthermore, the nonwoven fabric may be used as side sheets of absorbent
products, outermost of diapers, etc. and zip fastener materials, taking advantages of reduction in contact area with the
skin or their cushion-like feel. The nonwoven fabric may also be used for various purposes such as wipers for removing
dusts or dirt attached to the floor or body, masks and nursing milk pads, etc.

4.1. Top sheet of Absorbent Products

[0206] As an application of the nonwoven fabric of the present invention, the nonwoven fabric having convex portions
and groove portions, and groove portions are of relatively low fiber density may be used as top sheets 301 and 302 of
the absorbent products as shown in Figs. 19 and 20, for example. In this case, it is preferable to place the nonwoven
fabric in a way so that the surface on which the convex portions are formed is the side which comes into contact with
the skin.
[0207] When the nonwoven fabric is used as top sheets 301 and 302 of absorbent products, discharged predefined
liquid is mostly fed into the groove portions. The nonwoven fabric of the present invention has a low fiber density in the
groove portions. That is to say, because the number of fibers per unit volume is less, the inhibitory elements of the liquid
permeation become less, and the liquid can be rapidly transferred downward.
[0208] Furthermore, even if the fiber density of the groove portions is low, the top sheets 301 and 302 can be protected
from receiving damages caused by additional force such as friction in the width direction during use of absorbent products
because most of the fibers in the groove portions are oriented in the width direction, and the tensile strength in the width
direction is high.
[0209] In contrast, the convex portions have high fiber density. This is because the fibers are moved by the fluid,
consisting mainly of gaseous matter, during forming of groove portions, and the sides of the convex portions are formed
with the moved fibers. The rigidity of the sides of the convex portions is high because the fibers are closely packed. And
because the center portions sandwiched between the sides of the convex portions contain a lot of fibers oriented in the
thickness direction, the convex portions are unlikely to be crushed easily even with additional weight, and if the convex
portions are crushed by weight, they exhibit high ability to recover from compression.
[0210] This makes it possible to maintain the contact area with the skin small even if the weight added to the top sheets
301 and 302 changes due to changes in positions, thereby maintaining the tactile sensation. Furthermore, the liquid is
unlikely to reattach to the skin broadly even if the liquid once absorbed by the absorbent core reverses its course.

4.2. Intermediate Sheets of Absorbent Products

[0211] As an application of the nonwoven fabric of the present invention, the nonwoven fabric having groove portions
and convex portions, and groove portions of relatively low fiber density may be used as an intermediate sheet 311 of
absorbent products as shown in Fig. 21, for example. In this case, it is preferable to place the nonwoven fabric in a way
so that the surface on which the convex portions are formed is the top sheet 310 side.
[0212] Multiple spaces are formed in between the top sheet 310 and the intermediate sheet 311 by disposing the
nonwoven fabric as the intermediate sheet 311 in a way so that the surface on which the convex portions are formed is
the top sheet 310 side. This prevents the liquid from spreading in the top sheet 310 broadly because of less inhibitory
elements of the liquid permeation even if a large volume of liquid is discharged in a short time.
[0213] Furthermore, even when the liquid once penetrated through the intermediate sheet 311 and absorbed by
absorbent core reversed its course, the liquid is unlikely to return to the top sheet 310 and reattach to the skin broadly
because contact ratio between the intermediate sheet 311 and the top sheet 310 is low.
[0214] Since the center portions of the convex portions in the intermediate sheet 311 contain large amount of fibers
oriented in the thickness direction as compared to the side portions or groove portions, and the tops of the convex
portions and the top sheet 310 are in contact with each other, the residual liquid in the top sheet 310 is likely to be drawn
into the thickness direction. This makes the liquid unlikely to remain in the top sheet 310.
[0215] It is possible to prevent the spreading of liquid and to suppress residual liquid through the top sheet 310 as
described above and to thereby inhibit broad attachment of the liquid to the skin for a long time. Furthermore, the content
of the longitudinally oriented fibers oriented in the longitudinal direction in the side portions of the convex portions is high
because the side portions are formed with fibers that have been shifted to this region. This makes it possible for the
liquid such as menstrual blood, etc. which is moved from the top sheet 310 to the sides of the intermediate sheet 311
to be guided to the longitudinal direction. Therefore, preventing the leakage from absorbent products is possible even
when the liquid is spread in the width direction to thereby improve absorption efficiency of absorbent cores.

4.3. Outermost of Absorbent Products

[0216] As an application of the nonwoven fabric of the present invention, the nonwoven fabric having groove portions
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and convex portions, and the groove portions are of relatively low fiber density may be used as outer surfaces (outermost
321) of absorbent products such as diapers, etc. as shown in Fig. 22, for example. In this case, it is preferable to place
the nonwoven fabric in a way so that the surface on which the convex portions are formed is the outer side of the
absorbent products.
[0217] Since the surface on which the convex portions are formed in the outermost 321 is disposed to be outer side
of the absorbent products, tactile sensation felt mostly by hand, etc. is improved during use of the absorbent products.
In addition, it excels in breathability because of low fiber density of the groove portions.

5. Structure Material

[0218] Each structure material will be described in detail below. 5.1. Nonwoven Fabric-Related

5.1.1. Fiber Aggregate

[0219] The fiber aggregates formed into substantially sheet-like form contain fibers that are mobile within the sheet
configuring the fiber aggregates. Stated differently, they are fiber aggregates with fibers that are free from each other
within the sheet. The mobile fibers may be described as degree of freedom at which the fibers can be moved freely in
the fiber webs that are the fiber aggregates, while being jetted by the fluid consisting mainly of gaseous matter. For
example, the fiber aggregates may be formed by blowing out the mixed fibers in which multiple fibers are mixed to form
fiber layers of predetermined thickness. In addition, each of the different fibers are blown out for multiple times to form
fiber layers, for example.
[0220] Examples of the fiber aggregates of the present invention include fiber webs formed by card method or fiber
webs with heat sealed fibers prior to solidification. Moreover, examples also include webs formed by air-laid method, or
fiber webs with heat sealed fibers prior to solidification. In addition, fiber webs embossed by point bonding method with
heat sealed fibers prior to solidification, fiber aggregates formed by spun-bond method prior to embossing, or embossed
fiber aggregates with heat sealed fibers prior to solidification may be included in examples. Furthermore, examples also
include fiber webs formed by needle punching and half tangled, fiber webs formed by spunlace method and half tangled,
fiber aggregates formed by melt blown method with heat sealed fibers prior to solidification, or fiber aggregates formed
by solvent welding with fibers prior to solidification with solvent.
[0221] The favorable fiber webs in which fibers are easily rearranged by air (fluid) flow include fiber webs formed by
card method using relatively long fibers, and webs formed only by tangling with fibers that are highly mobile prior to heat
sealing. In addition, it is preferable to use through-air method in which thermoplastic fibers contained in fiber aggregates
are heat sealed by heating by means of a specified heating apparatus, etc. in order to form nonwoven fabric after forming
groove (irregular) portions, etc. by multiple air (fluid) flow while maintaining shapes thereof.

5.1.2. Fiber

[0222] Examples of fibers that forms the fiber aggregates (fibers 101 configuring the fiber webs 100 as shown in Fig.
1, for example) include fibers made of single or composite thermoplastic resins such as low-density polyethylene, high-
density polyethylene, straight-chain polyethylene, polypropylene, polyethylene terephthalate, modified polypropylene,
modified polyethylene terephthalate, nylon, polyamide, etc.
[0223] Examples of composite body of fibers include core-in-sheath type with melting point of core component being
greater than the melting point of sheath component, biased core type of core-in-sheath structure, and side-by-side type
in which right and left components have different melting points. Moreover, hollow type, flat, different types such as Y
or C, three-dimensional crimped fibers by potential crimping or apparent crimping, and divided fibers divided by physical
load such as water flow, heat or embossing may also be mixed in the above composite body of fibers.
[0224] Furthermore, predetermined crimped fibers by apparent crimping or potential crimping may be blended for
forming 3-dimensional crimped shape. The 3-dimensional crimped shape may include substantially spiral shape, zigzag
shape and Q-like shape, and the fibers are partially oriented in the thickness direction even though most fibers are
oriented in a substantially flat surface direction. This makes buckling strength of the fiber itself to work in the thickness
direction, and the thickness is likely to be maintained without being crushed by additional external pressure. Furthermore,
having a substantially spiral shape makes it easier to resume its original thickness after being freed from external pressure
even if crushing occurs due to excessive external pressure because substantially spiral shape is likely to resume its
original shape after being freed from external pressure.
[0225] The fiber formed by apparent crimping is a general term for fibers formed by mechanical crimping, biased core
type of core-in-sheath structure and side-by-side types which have been crimped in advance. The fibers formed by
potential crimping are the fibers crimped by heat.
[0226] Mechanical crimping is a process in which continuous and straight fibers after fiber forming are controlled by
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the difference in circumferential velocity of line speed, heat or pressure, and as the number of crimping per unit length
increases, buckling strength under external pressure is increased. For example, the number of crimping is preferably in
the range of 10 per inch to 35 per inch and more preferably in the range of 15 per inch to 30 per inch.
[0227] The fibers formed by heat contraction are fibers made of two or more resins of different melting points which
are crimped three dimensionally by the change in heat contraction percentage, due to the difference in melting points,
caused by heat. Examples of resin structure in the cross section of fibers include biased core type of core-in-sheath
structure and side-by-side type with right and left components of different melting points. The heat contraction percentage
of the above fibers is preferably in the range of 5% to 90% and more preferably in the range of 10% to 80%, for example.
[0228] The method for measuring heat contraction percentage is as follows. (1) A web of 200 g/m2 containing 100 %
of fiber is formed for measurement,(2) a sample cut in a dimension of 250 mm X 250 mm is prepared, (3) the sample is
left unattended in an oven at 145°C (418.15K) for 5 minutes, (4) the length after contraction is measured, and (5) heat
contraction percentage is then calculated from the difference in lengths before and after heat contraction.
[0229] When the nonwoven fabric is used as a top sheet, fineness is preferably in the range of 1.1 dtex to 8.8 dtex in
consideration of liquid intrusion or texture, for example.
[0230] When the nonwoven fabric is used as a top sheet, hydrophilic, cellulosic fibers such as pulps, chemical pulps,
rayons, acetates, natural cottons may be contained, for example, as fibers configuring the fiber aggregates for absorbing
a small amount of menstrual blood or sweat that tend to remain on the skin. However, because cellulosic fibers are not
likely to discharge the liquid once absorbed therein, the content is preferably in the range of 0.1% by weight to 5% by
weight of whole sheet, for example.
[0231] When the nonwoven fabric is used as a top sheet, hydrophilic agent or water-repellent agent may be kneaded
into, or applied onto the hydrophobic synthesized fiber as mentioned above, for example, in consideration of liquid
intrusion or rewet back. Or, hydrophilic property may be provided by corona or plasma treatment. Moreover, water-
repellent fiber may also be contained. The water-repellent fiber in this case is the fiber treated with a known water-
repellent treatment.
[0232] In addition, inorganic fillers such as titanic oxide, barium sulfate, calcium carbonate may be contained in the
sheet for improved lightening. In the case of composite fiber of core-in-sheath type, the inorganic fillers may be contained
only in the core or both in core and sheath.
[0233] As mentioned above, fibers may be rearranged easily by air flow in the fiber web formed by the card method
in which relatively long fibers are used. When nonwoven fabric is formed after forming groove (irregular) portions, by
multiple air flows while keeping the shapes thereof, through-air method in which thermoplastic fibers are heat sealed by
heat is preferable. The fiber suitable for this method are fibers of core-in-sheath structure or side-by-side structure for
heat sealing the cross points of fibers, and the fibers of core-in-sheath structure in which sheaths are likely to be heat
sealed steadily are more preferable. Especially, using composite fiber of core-in-sheath structure made of polyethylene
terephthalate and polyethylene or polypropylene and polyethylene is preferable. These fibers may be used alone or in
combination. The length of fibers is preferably 20 mm to 100 mm and more preferably 35 mm to 65 mm.

5.2. Nonwoven Fabric Manufacturing Apparatus-Related

5.2.1. Fluid Consisting Mainly of Gaseous Matter

[0234] Examples of the fluid, consisting mainly of gaseous matter, in the present invention include gaseous matters
with temperatures adjusted to room temperature or predefined temperature or aerosols with gaseous matter containing
particles of solid matter or liquid.
[0235] Examples of gaseous matter include air and nitrogen. In addition, gaseous matter contains vapor of liquid such
as water vapor.
[0236] Aerosols are gaseous matters in which liquid or solid matter is dispersed, and examples are as follows. Examples
include gaseous matters in which inks for coloring, softeners such as silicon for improving flexibility, hydrophilic or water-
repellent activators for preventing charging or controlling moistness, inorganic fillers such as titanic oxide and barium
sulfate for increasing the energy of fluid, powder bonds such as polyethylene for increasing the energy of fluid as well
as improving the ability to maintain irregularities during heat treatment, antihistamines such as diphenhydramine hydro-
chloride and isopropyl methylphenol for antiitching, moisturizing agents or disinfection agents are dispersed. The solid
matter includes gelatinous matter.
[0237] The temperature of the fluid, consisting mainly of gaseous matter, can be adjusted accordingly. Temperatures
are adjusted according to the characteristic of the fibers configuring the fiber aggregates or shape of the nonwoven
fabric being manufactured.
[0238] It is preferable for the temperature of the fluid, consisting mainly of gaseous matter, to be high in some measure.
Moreover, when the thermoplastic fibers are contained in the fiber aggregates, the temperature of the fluid, consisting
mainly of gaseous matter, is set at a temperature at which the thermoplastic fibers can be softened in order to soften or
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melt as well as to resolidify the thermoplastic fibers placed in the area to which the fluid, consisting mainly of gaseous
matter, is jetted.
[0239] By setting the temperature as above, shapes of the nonwoven fabrics are maintained by jetting the fluid,
consisting mainly of gaseous matter, for example. In addition, strength with which the fiber aggregates (nonwoven fabrics)
are protected from scattering is provided during moving of the fiber aggregates by means of a predetermined conveying
unit.
[0240] Flow volume of the fluid, consisting mainly of gaseous matter, can be adjusted accordingly. Specific examples
of fiber aggregates in which fibers are freely movable include fiber aggregates with sheath made of high-density poly-
ethylene and core made of polyethylene terephthalate, having core-in-sheath fiber with a fiber length of 20 mm to 100
mm or preferably 35 mm to 65 mm and a fineness of 1.1 dtex to 8.8 dtex or preferably 2.2 dtex to 5.6 dtex as a main
constituent. If fiber spreading is performed by the card method, fibers with a fiber length of 20 mm to 100 mm or preferably
35 mm to 65 mm are used, and if it is performed by an air-laid method, fibers with a fiber length of 1 mm to 50 mm,
preferably 3 mm to 20 mm are used to form fiber web 100 adjusted to be in the range of 10 g/m2 to 1,000 g/m2, preferably
15 g/m2 to 100 g/m2.
[0241] The exemplary jetting condition of the fluid, consisting mainly of gaseous matter, is as follow. Hot air at a
temperature of 15°C to 300°C (288.15K to 573.15K) or preferably 100°C to 200°C (373.15K to 473.15K) is jetted with
a volume of 3 L/min per hole to 50 L/min per hole or preferably 5 L/min per hole to 20 L/min per hole to the fiber web
100 from ejection unit 910 on which ejection holes 913, which are circle, ellipse or rectangle having a diameter of 0.1
mm to 30 mm, preferably 0.3 mm to 10 mm, a pitch of 0.5 mm to 20 mm, preferably 3 mm to 10 mm, are formed, as
shown in Fig. 8 or 9.
[0242] For example, it is preferable for the fiber aggregate of the present invention to have fibers which can change
positions or orientations thereof when the fluid, consisting mainly of gaseous matter, is jetted under in the above condition.
The nonwoven fabrics as shown in Figs. 2 and 3 can be formed under the above manufacturing condition by using the
above fibers.
[0243] The dimensions and weights of the groove portions 1 and the convex portions 2 are as follows. The thickness
of the groove portions 1 is in the range of 0.05 mm to 10 mm, preferably 0.1 mm to 5 mm, width is in the range of 0.1
mm to 30 mm, preferably 0.5 mm to 5 mm, weight is in the range of 2 g/m2 to 900 g/m2, or preferably 10 g/m2 to 90
g/m2. The thickness of the convex portions 2 is in the range of 0.1 mm to 15 mm, preferably 0.5 mm to 10 mm, width is
in the range of 0.5 mm to 30 mm, preferably 1.0 mm to 10 mm, fiber weight is in the range of 5 g/m2 to 1,000 g/m2,
preferably 10 g/m2 to 100 g/m2. The nonwoven fabric can be formed in the range of approximately the above numerical
values; however, it is not limited to the above range.

5.2.2. Breathable Support Member

[0244] Examples of the breathable support member 200 include support members with the supporting side of the fiber
web 100 is substantially flat or curved, and the flat surface or curved surface thereof is substantially flat. Examples of
flat or curved shape include plate-like or cylindrical shape. Furthermore, being substantially flat means, for example,
that irregularities are not formed on the surface of the support member on which the fiber web 100 is placed. Specific
examples of the support member include the net which is the net-like support member 210 on which the irregularities
are not formed.
[0245] Examples of the breathable support member 200 include a plate-like support member or a cylindrical support
member. Specifically, examples include the abovementioned net-like support member 210 and the support member 270.
[0246] The breathable support member 200 can be placed onto the nonwoven fabric manufacturing apparatus 90 as
a detachable unit. This allows the placement of a suitable breathable support member 200 according to the desired
nonwoven fabric. Stated differently, the breathable support member 200 can be changed to another breathable support
member selected from different breathable support members on the nonwoven fabric manufacturing apparatus 90.
[0247] The net-like support member 210 as shown in Figs. 4A and 4B, the breathable net-like part in the support
member 220 as shown in Figs. 16A and 16B and the support member 270 as shown in Fig. 18 are explained below.
Examples of the breathable net-like part include threads made of resins such as polyester, polyphenylene sulfide, nylon,
conductive monofilament, etc., or threads made of metals such as stainless steel, copper and aluminum that are woven
by flat weaving, twill weaving, sateen weaving, double weaving and spiral weaving, etc.
[0248] The ventilation rate of the breathable net can be modified, for example, by partially changing the weaving
method, thread thickness or thread shape. Specifically, it may be exemplified by a spiral-woven breathable mesh of
polyester and spiral-woven breathable mesh woven with stainless steel flat and circular threads.
[0249] Examples of a plate-like support member include sleeves made of metals such as stainless steel, copper and
aluminum. For example, sleeves may be of the above metal plate from which a predefined pattern is partially cut out.
The area from which the metal has been cut out becomes a breathable portion, and the area from which the metal has
not been cut out becomes an impervious portion. Moreover, the surface of the impervious portion is preferably flat for
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improving smoothness of the surface.
[0250] Examples of sleeves include stainless steel sleeves having a thickness of 0.3 mm on which lateral rectangle
holes with rounded corners having a length of 3 mm and a width of 40 mm formed by cutting metal out are disposed in
lattice-like arrangement at intervals of 2 mm in the line flow direction (moving direction) and at intervals of 3 mm in the
width direction.
[0251] Examples also include sleeves on which holes are disposed in a zigzag arrangement. For example, stainless
steel sleeves of 0.3 mm thickness on which circular holes having a diameter of 4 mm formed by cutting metal out are
disposed at a pitch of 12 mm in the line flow direction (moving direction) and at a pitch of 6 mm in the width direction in
a zigzag arrangement. As described above, cut out patterns (formed holes) and arrangements may be decided accord-
ingly.
[0252] Furthermore, examples also include the net-like support member 260 with predefined roughness as shown in
Fig. 12. For example, the breathable support member having areas where the fluid, consisting mainly of gaseous matter,
is not jetted directly and alternate roughness (corrugated shape, for example) are formed in the line flow direction (moving
direction) may be included. By using the net-like support member 260 as described above, it is possible to obtain a
nonwoven fabric having predetermined openings as well as alternate roughness (corrugated shape, for example) ex-
tended in the whole nonwoven fabric.

5.2.3. Ejection Unit

[0253] Intervals between concave portions (groove portions) of the formed irregularities or heights of the convex
portions can be adjusted accordingly, for example, by having an ejection unit 910 which can change the direction of the
fluid consisting mainly of gaseous matter. Moreover, groove portions can be adjusted to have a corrugated, zigzag or
other arrangement accordingly by making the direction of the above fluid automatically changeable. In addition, shapes
or forming patterns of the groove portions or openings can be adjusted accordingly by adjusting the ejection volume or
ejection time of the fluid consisting mainly of gaseous matter. Jetting angle of the fluid consisting mainly of gaseous
matter may be vertical to the fiber web 100, at a predefined angle in the line flow direction, which is the moving direction
F of the fiber web 100, or at a predefined angle in the reverse direction of the line flow direction.

5.2.4. Heating Unit

[0254] Examples of the method for bonding fibers 101 in the nonwoven fabric 170 on which predefined openings are
formed include needle punching, spunlace method and solvent welding, or point bonding method or through-air method
for heat bonding. Of these, through-air method is preferable for maintaining formed shape of predefined openings. And
heat treatment by through-air method by means of the heater unit 950 is preferable, for example.

5.2.5. Others

[0255] The nonwoven fabric manufactured by heat by means of the heater unit 950 is conveyed to cutting step in
which the nonwoven fabric is cut in a specified shape or to rewinding step by the conveyer 930 and the conveyer 940
running in a specified direction F. The conveyer 940 may contain a belt unit 949 and a rotating unit 941 as similar to the
conveyer 930.

Claims

1. A nonwoven fabric (110, 114, 116, 140, 150, 160, 170, 301, 302, 310, 321) having a first direction and a second
direction, comprising:

a plurality of jetted areas (1, 11)extending in the first direction, to which a fluid is jetted; and
a plurality of nonjetted areas (2, 122) formed between the jetted areas, to which a fluid is not jetted,
wherein
the nonwoven fabric (110) is formed by jetting the fluid, comprising mainly of gaseous matter, to a fiber aggregate;
the jetted areas comprise a plurality of groove portions hollowed in the thickness direction of the nonwoven
fabric on a first surface side of the nonwoven fabric, and the nonjetted areas are disposed along the groove
portions and comprise a plurality of convex portions protruding in the thickness direction on the first surface side;
a fiber density of each of the jetted areas (1, 11) is less than a fiber density of each of the nonjetted areas (2, 22);
a length of one of the convex portions in a width direction is 0.5 to 30 mm;
a distance between tops of the convex portions adjacent to each other sandwiching the groove portions is 0.5
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to 30 mm;
a height of the groove portions in the thickness direction of the nonwoven fabric is no greater than 90% of the
height of the height of the convex portions;
the nonwoven fabric is made of a fiber aggregate comprising three-dimensional crimped fibers with a number
of crimps being within a range from 10 to 35 per 2.54 cm;
the nonjettted areas (2, 22) have side portions (8, 13, 88) and centre portions (9, 12, 99); and
the content of fibres oriented in the first direction is greater in the side portions (8, 13, 88) than in the center
portions (9, 12, 99).

2. The nonwoven fabric according to claim 1, wherein the nonwoven fabric is made through heat processing by a
through-air method, and a number of fibers in the convex portions is higher than a number of fibers in the groove
portions, thereby increasing a number of sealing points in the heat processing, and increasing porous structures in
the convex portions.

3. The nonwoven fabric according to any one of the preceding claims,
wherein
each of the plurality of the convex portions includes central portions, and side portions formed along both sides of
the central portions;
an entire basis weight of the nonwoven fabric is 10 g/m2 to 200 g/m2;
a fiber basis weight of a bottom of the groove portions is 3 g/m2 to 150 g/m2;
a basis weight of the central portions is 15 g/m2 to 250 g/m2;
a basis weight of the side portions is 20 g/m2 to 280 g/m2; anda content of fibers oriented in a thickness direction
is greater in the central portions (9, 12, 99) of the non-jetted areas than in the side portions (8, 13, 88) or jetted areas
(1, 11).

4. The nonwoven fabric according to any one of the preceding claims, wherein a weight of each of the jetted areas is
less than a weight of each of the nonjetted areas.

5. The nonwoven fabric according to any one of the preceding claims, wherein the content of a fiber oriented in the
first direction is less than the content of a fiber oriented in the second direction in each of the plurality of jetted areas.

6. The nonwoven fabric according to any one of the preceding claims, wherein a value of percent open area measured
from a first surface side in the thickness direction of the nonwoven fabric is greater than a value of percent of open
area measured from a second surface side which is opposite to the first surface side in each of the nonjetted areas.

7. The nonwoven fabric according any one of the preceding claims, wherein the fiber density of each of the side portions
is greater than the fiber density of each of the groove portions.

8. The nonwoven fabric according to claim 7, wherein the fiber density of each of the side portions is greater than the
fiber density of the center portions.

9. The nonwoven fabric according to any one of the preceding claims, wherein a difference between the value of the
percent open area measured from the first surface side and the value of the percent open area measured from the
second surface side is no less than 5% in each of the convex portions.

10. The nonwoven fabric according to any one of the preceding claims, wherein each of the groove portions comprises
a number of sparse areas where the fiber density is less than an average fiber density of a bottom portion formed
at a bottom of the groove portions.

11. The nonwoven fabric according to claim 10, wherein the sparse areas are openings.

12. The nonwoven fabric according to claim 11, wherein the fiber density of a peripheral border of each of the openings
is greater than the fiber density of the area sandwiched between the openings in the groove portions.

13. The nonwoven fabric according to claim 11 or 12, wherein the fiber in the peripheral border of each of the openings
is oriented along the peripheral border of each of the openings.

14. The nonwoven fabric according to any one of the preceding claims, wherein a specific convex portion of the convex
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portions differs in height in the thickness direction from the convex portions which lie adjacent to the specific convex
portion across a specific groove portion of the groove portions.

15. The nonwoven fabric according to any one of the preceding claims, wherein a top of each of the convex portions
comprises a substantially flattened shape.

16. The nonwoven fabric according to any one of the preceding claims, wherein a number of areas protruding in the
direction opposite to the direction in which the convex portions protrude are formed on the second surface side.

17. The nonwoven fabric according to any one of the preceding claims, wherein the nonwoven fabric comprises a
substantially corrugated shape in the first direction.

18. The nonwoven fabric according to any one of claims 1 to 15, wherein the second surface side of the nonwoven
fabric is a substantially planar surface.

19. The nonwoven fabric according to any one of the preceding claims, wherein the fiber forming the fiber aggregate
comprises a water-repellent fiber.

Patentansprüche

1. Vliesstoff (110, 114, 116, 140, 150, 160, 170, 301, 302, 310, 321), der eine erste Richtung und eine zweite Richtung
hat und Folgendes umfasst:

eine Vielzahl von gestrahlten Bereichen (1, 11), die sich in erster Richtung erstrecken, an die eine Flüssigkeit
gestrahlt wird, und
eine Vielzahl von strahlungsfreien Bereichen (2, 122), die zwischen den gestrahlten Bereichen geformt werden,
an die keine Flüssigkeit gestrahlt wird,
wobei
der Vliesstoff (110) durch Strahlen der Flüssigkeit an ein Faseraggregat geformt wird, die hauptsächlich gas-
förmigen Stoff umfasst,
die gestrahlten Bereiche eine Vielzahl von Rillenabschnitten umfassen, die in Dickenrichtung des Vliesstoffs
auf einer ersten Flächenseite des Vliesstoffs ausgehöhlt sind, und ein strahlungsfreier Bereich an den Rillen-
abschnitten entlang angeordnet ist, und eine Vielzahl von konvexen Abschnitten in Dickenrichtung auf der
ersten Flächenseite hervorsteht,
eine Faserdichte von jeder der gestrahlten Bereiche (1, 11) weniger ist, als eine Faserdichte von jeder der
strahlungsfreien Bereiche (2, 22),
eine Länge von einer der konvexen Abschnitte in Breitenrichtung 0,5 bis 30 mm ist,
ein Abstand zwischen der Oberseite der konvexen Abschnitte nebeneinander, die Rillenabschnitte einlegen,
0,5 bis 30 mm sind,
eine Höhe der Rillenabschnitte in Dickenrichtung des Vliesstoffs nicht höher als 90 % der Höhe von der Höhe
der konvexen Abschnitte ist,
der Vliesstoff aus einem Faseraggregat gemacht wurde, das dreidimensionale gekräuselte Fasern mit einer
Anzahl von Kräuselungen zwischen einem Bereich von 10 bis 35 je 2,54 cm ist,
die strahlungsfreien Bereiche (2, 22) Seitenabschnitte (8, 13, 88) und mittlere Abschnitte (9, 12, 99) haben, und
der Inhalt von Fasern, die in erster Richtung ausgerichtet sind, in den Seitenabschnitten (8, 13, 88) größer ist,
als in den mittleren Abschniten (9, 12, 99).

2. Vliesstoff nach Anspruch 1, wobei der Vliesstoff durch Wärmeverarbeitung mit einer Durchluftmethode gemacht
wurde, und eine Anzahl von Fasern in den konvexen Abschnitten höher ist, als eine Anzahl von Fasern in den
Rillenabschnitten, wobei eine Anzahl von Abdichtpunkten in der Wärmeverarbeitung erhöht wird, und poröse Struk-
turen in den konvexen Abschnitten erhöht werden.

3. Vliesstoff nach einem der vorangehenden Ansprüche,
wobei
jede der Vielzahl von konvexen Abschnitten mittlere Abschnitte beinhaltet, und Seitenabschnitte an beiden Seiten
entlang der mittleren Abschnitte geformt werden,
ein Gesamtflächengewicht des Vliesstoffs 10 g/m2 bis 200 g/m2 ist,
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ein Faserflächengewicht eines Unterteils der Rillenabschnitte 3 g/m2 bis 150 g/m2 ist,
ein Flächengewicht der mittleren Abschnitte 15 g/m2 bis 250 g/m2 ist,
ein Flächengewicht der Seitenabschnitte 20 g/m2 bis 280 g/m2 ist, und ein Inhalt von Fasern in Dickenrichtung
orientiert ist, in den mittleren Abschnitten (9, 12, 99) der strahlungsfreien Bereiche größer ist, als in den Seitenab-
schnitten (8, 13, 88) oder gestrahlen Bereichen (1, 11).

4. Vliesstoff nach einem der vorangehenden Ansprüche, wobei ein Gewicht von jedem der gestrahlten Bereiche weniger
ist, als ein Gewicht von jedem der strahlungsfreien Bereiche.

5. Vliesstoff nach einem der vorangehenden Ansprüche, wobei der Inhalt einer Faser, die in erster Richtung orientiert
ist, weniger ist, als der Inhalt einer Faser, die in zweiter Richtung in jeder der Vielzahl von gestrahlten Bereichen
orientiert ist.

6. Vliesstoff nach einem der vorangehenden Ansprüche, wobei ein Prozentwert des offenen Bereichs von einer ersten
Oberflächenseite in Dickenrichtung des Vliesstoffs gemessen wird, größer als ein Prozentwert eines offenen Be-
reichs ist, der von einem zweiten Flächenbereich, der dem ersten Flächenbereich in jedem der strahlungsfreien
Bereiche gegenüberliegt, gemessen wird.

7. Vliesstoff nach einem der vorangehenden Ansprüche, wobei die Faserdichte von jeder der Seitenabschnitte größer
ist, als die Faserdichte von jeder der Rillenabschnitte.

8. Vliesstoff nach Anspruch 7, wobei die Faserdichte von jeder der Seitenabschnitte größer ist, als die Faserdichte
der mittleren Abschnitte.

9. Vliesstoff nach einem der vorangehenden Ansprüche, wobei ein Unterschied zwischen dem Prozentwert des offenen
Bereichs von der ersten Flächenseite und dem Prozentwert des offenen Bereichs von der zweiten Flächenseite
gemessen wird, nicht weniger als 5 % in jeder der konvexen Abschnitte ist.

10. Vliesstoff nach einem der vorangehenden Abschnitte, wobei jede der Rillenabschnitte eine Anzahl von kargen
Bereichen umfasst, wobei die Faserdichte weniger ist, als eine durchschnittliche Faserdichte eines unteren Ab-
schnitts, der an einem Unterteil der Rillenabschnitte geformt ist.

11. Vliesstoff nach Anspruch 10, wobei die kargen Bereiche Öffnungen sind.

12. Vliesstoff nach Anspruch 11, wobei die Faserdichte einer Umfangsbegrenzung von jeder der Öffnungen größer ist,
als die Faserdichte des Bereichs, der zwischen den Öffnungen in den Rillenabschnitten eingelegt ist.

13. Vliesstoff nach Anspruch 11 oder 12, wobei die Faser in der Umfangsbegrenzung von jeder der Öffnungen an der
Umfangsbegrenzung von jeder der Öffnungen entlang orientiert ist.

14. Vliesstoff nach einem der vorangehenden Ansprüche, wobei sich ein spezifischer konvexer Abschnitt der konvexen
Abschnitte in der Höhe in Dickenrichtung von den konvexen Abschnitten unterscheidet, die neben dem spezifischen
konvexen Abschnitt quer über einen spezifischen Rillenabschnitt der Rillenabschnitte liegen.

15. Vliesstoff nach einem der vorangehenden Ansprüche, wobei eine Oberseite von jeder der konvexen Abschnitte
eine im Wesentlichen abgeflachte Form umfasst.

16. Vliesstoff nach einem der vorangehenden Ansprüche, wobei eine Anzahl von Bereichen in der Richtung hervorragt,
die der Richtung gegenüberliegt, in der die konvexen Abschnitte hervorragen, und auf der zweiten Flächenseite
geformt sind.

17. Vliesstoff nach einem der vorangehenden Ansprüche, wobei der Vliesstoff eine im Wesentlichen gewellte Form in
erster Richtung umfasst.

18. Vliesstoff nach einem der Ansprüche 1 bis 15, wobei die zweite Flächenseite des Vliesstoffs eine im Wesentlichen
ebene Fläche ist.

19. Vliesstoff nach einem der vorangehenden Ansprüche, wobei die Faser, die das Faseraggregat formt, eine wasser-
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abstoßende Faser umfasst.

Revendications

1. Tissu non tissé (110, 114, 116, 140, 150, 160, 170, 301, 302, 310, 321) ayant une première direction et une deuxième
direction, comportant :

une pluralité de zones traitées au jet (1, 11) s’étendant dans la première direction, au niveau desquelles un
fluide est pulvérisé par jet ; et
une pluralité de zones non traitées au jet (2, 122) formées entre les zones traitées au jet, au niveau desquelles
un fluide n’est pas pulvérisé par jet,
dans lequel
le tissu non tissé (110) est formé par une pulvérisation au jet du fluide, comportant principalement de la matière
gazeuse, sur un agrégat de fibre ;
les zones traitées au jet comportent une pluralité de parties de type rainure creusées dans la direction allant
dans le sens de l’épaisseur du tissu non tissé sur un premier côté de type surface du tissu non tissé, et les
zones non traitées au jet sont disposées le long des parties de type rainure et comportent une pluralité de
parties convexes faisant saillie dans la direction allant dans le sens de l’épaisseur sur le premier côté de type
surface ;
une densité des fibres de chacune des zones traitées au jet (1, 11) est inférieure par rapport à une densité des
fibres de chacune des zones non traitées au jet (2, 22) ;
une longueur de l’une des parties convexes dans une direction allant dans le sens de la largeur est comprise
entre 0,5 et 30 mm ;
une distance entre des parties supérieures des parties convexes adjacentes les unes par rapport aux autres
prenant en sandwich les parties de type rainure est comprise entre 0,5 et 30 mm ;
une hauteur des parties de type rainure dans la direction allant dans le sens de l’épaisseur du tissu non tissé
n’est pas supérieure à 90 % de la hauteur de la hauteur des parties convexes ;
le tissu non tissé est réalisé à partir d’un agrégat de fibre comportant des fibres frisées tridimensionnelles ayant
un nombre de frisures se trouvant dans les limites d’une plage comprise entre 10 et 35 par 2,54 cm ;
les zones non traitées au jet (2, 22) ont des parties latérales (8, 13, 88) et des parties centrales (9, 12, 99) ; et
la teneur des fibres orientées dans la première direction est supérieure dans les parties latérales (8, 13, 88)
par rapport aux parties centrales (9, 12, 99).

2. Tissu non tissé selon la revendication 1, dans lequel le tissu non tissé est réalisé par un traitement thermique au
moyen d’un procédé à air traversant, et un nombre de fibres dans les parties convexes est supérieur par rapport à
un nombre de fibres dans les parties de type rainure, pour de ce fait augmenter un nombre de points d’étanchéité
lors du traitement thermique, et augmenter les structures poreuses dans les parties convexes.

3. Tissu non tissé selon l’une quelconque des revendications précédentes,
dans lequel
chacune de la pluralité de parties convexes comprend des parties centrales, et des parties latérales formées des
deux côtés des parties centrales ;
une masse surfacique totale du tissu non tissé est comprise entre 10 g/m2 et 200 g/m2 ;
une masse surfacique de fibres d’une partie inférieure des parties de type rainure est comprise entre 3 g/m2 et 150
g/m2 ;
une masse surfacique des parties centrales est comprise entre 15 g/m2 et 250 g/m2 ;
une masse surfacique des parties latérales est comprise entre 20 g/m2 et 280 g/m2 ; et une teneur des fibres
orientées dans une direction allant dans le sens de l’épaisseur est supérieure dans les parties centrales (9, 12, 99)
des zones non traitées au jet par rapport aux parties latérales (8, 13, 88) ou des zones traitées au jet (1, 11).

4. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel une masse de chacune des
zones traitées au jet est inférieure par rapport à une masse de chacune des zones non traitées au jet.

5. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel la teneur d’une fibre orientée
dans la première direction est inférieure par rapport à la teneur d’une fibre orientée dans la deuxième direction dans
chacune de la pluralité de zones traitées au jet.



EP 2 034 069 B1

29

5

10

15

20

25

30

35

40

45

50

55

6. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel une valeur de pourcentage de
zone ouverte mesurée depuis un premier côté de type surface dans la direction allant dans le sens de l’épaisseur
du tissu non tissé est supérieure par rapport à une valeur de pourcentage de zone ouverte mesurée depuis un
deuxième côté de type surface qui est opposé au premier côté de type surface dans chacune des zones non traitées
au jet.

7. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel la densité des fibres de chacune
des parties latérales est supérieure par rapport à la densité des fibres de chacune des parties de type rainure.

8. Tissu non tissé selon la revendication 7, dans lequel la densité des fibres de chacune des parties latérales est
supérieure par rapport à la densité des fibres des parties centrales.

9. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel une différence entre la valeur
de pourcentage de zone ouverte mesurée depuis le premier côté de type surface et la valeur de pourcentage de
zone ouverte mesurée depuis le deuxième côté de type surface n’est pas inférieure à 5 % dans chacune des parties
convexes.

10. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel chacune des parties de type
rainure comporte un nombre de zones peu denses où la densité des fibres est inférieure par rapport à une densité
moyenne des fibres d’une partie inférieure formée au niveau d’une partie inférieure des parties de type rainure.

11. Tissu non tissé selon la revendication 10, dans lequel les zones peu denses sont des ouvertures.

12. Tissu non tissé selon la revendication 11, dans lequel la densité des fibres d’une bordure périphérique de chacune
des ouvertures est supérieure par rapport à la densité des fibres de la zone prise en sandwich entre les ouvertures
dans les parties de type rainure.

13. Tissu non tissé selon la revendication 11 ou la revendication 12, dans lequel la fibre dans la bordure périphérique
de chacune des ouvertures est orientée le long de la bordure périphérique de chacune des ouvertures.

14. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel une partie convexe spécifique
des parties convexes diffère en termes de hauteur dans la direction allant dans le sens de l’épaisseur depuis les
parties convexes qui reposent de manière adjacente par rapport à la partie convexe spécifique en travers d’une
partie de type rainure spécifique des parties de type rainure.

15. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel une partie supérieure de
chacune des parties convexes comporte une forme sensiblement aplatie.

16. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel un nombre de zones faisant
saillie dans la direction allant à l’opposé de la direction dans laquelle les parties convexes font saillie sont formées
sur le deuxième côté de type surface.

17. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel le tissu non tissé comporte
une forme sensiblement ondulée dans la première direction.

18. Tissu non tissé selon l’une quelconque des revendications 1 à 15, dans lequel le deuxième côté de type surface
du tissu non tissé est une surface sensiblement plane.

19. Tissu non tissé selon l’une quelconque des revendications précédentes, dans lequel la fibre formant l’agrégat de
fibre comporte une fibre hydrofuge.



EP 2 034 069 B1

30



EP 2 034 069 B1

31



EP 2 034 069 B1

32



EP 2 034 069 B1

33



EP 2 034 069 B1

34



EP 2 034 069 B1

35



EP 2 034 069 B1

36



EP 2 034 069 B1

37



EP 2 034 069 B1

38



EP 2 034 069 B1

39



EP 2 034 069 B1

40



EP 2 034 069 B1

41



EP 2 034 069 B1

42



EP 2 034 069 B1

43



EP 2 034 069 B1

44



EP 2 034 069 B1

45



EP 2 034 069 B1

46



EP 2 034 069 B1

47



EP 2 034 069 B1

48

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 3587831 B [0005]
• US 3458905 A [0007]
• US 3486165 A [0007]
• US 4379799 A [0007]

• US 4186463 A [0007]
• JP 2002249965 A [0007]
• JP 3587831 A [0008] [0009]


	bibliography
	description
	claims
	drawings
	cited references

