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ABSTRACT

Provided is a water absorbent laminate including: a first fiber layer including a
first fiber assembly including first hydrophilic fibers; and a second fiber layer including
a second fiber assembly including wet-heat-adhesive fibers in an amount greater than
or equal to 80% by mass, wherein a surface of the first fiber layer on a side opposite to
the second fiber layer has a water absorption rate less than or equal to 10 seconds as
determined in accordance with the dropping method defined in JIS L 1907.  Also
provided is a method for producing the water absorbent laminate. The water
absorbent laminate can further include a third fiber layer including a third fiber
assembly including second hydrophilic fibers between the first fiber layer and the

second fiber layer.
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DESCRIPTION

TITLE OF INVENTION

Water Absorbent Laminate and Method for Producing Same
TECHNICAL FIELD

The present invention relates to a water absorbent laminate that can be suitably
used as a water absorbent material represented by a wiping material etc. for wiping off
water, and a method for producing the water absorbent laminate.

BACKGROUND ART

Water absorbent materials that are disposed at a predetermined position to soak
up and remove water existing or generated at the position, water absorbent materials for
absorbing and removing water by wiping etc., and water absorbent materials for
retaining absorbed water are commonly used not only in general consumer and general
household applications but also in industrial applications. From the viewpoint of
water absorbency etc., nonwoven fabrics composed of hydrophilic fibers, etc. are used
in many water absorbent materials.

For example, Japanese Patent Laying-Open No. 11-291377 (PTD 1) describes
that a composite nonwoven fabric, that is obtained by laminating a thermally fusible
fiber nonwoven fabric on a paper-made nonwoven fabric formed by mixing thermally
fusible short fibers with hydrophilic short fibers by thermocompression bonding in
embossment, s used in, for example, an absorbent article such as a disposable diaper.
Japanese Patent Laying-Open No. 2004-313425 (PTD 2) describes that a nonwoven
fabric formed by interlacing ultrafine fibers with water absorbent fibers is used in a
wiping sheet for wiping off water.

CITATION LIST

PATENT DOCUMENT

PTD 1: Japanese Patent Laying-Open No. 11-291377
PTD 2: Japanese Patent Laying-Open No. 2004-313425
SUMMARY OF INVENTION
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TECHNICAL PROBLEMS

An object of the present invention is to provide a novel high-strength water
absorbent material having high strength and excellent water absorbency and water
retainability.

SOLUTIONS TO PROBLEMS _

The present invention provides a water absorbent laminate as shown below, and
a method for producing the water absorbent laminate.

[1] A water absorbent laminate including:

a first fiber layer including a first fiber assembly including first hydrophilic
fibers; and

a second fiber layer including a second fiber assembly including
wet-heat-adhesive fibers in an amount greater than or equal to 80% by mass, wherein

a surface of the first fiber layer on a side opposite to the second fiber layer has a
water absorption rate less than or equal to 10 seconds as determined in accordance with
the dropping method defined in JIS L 1907.

[2] The water absorbent laminate according to [1], wherein the first fiber
assembly is a nonwoven fiber assembly of the first hydrophilic fibers having an average
fiber diameter less than or equal to 10 pm.

[3] The water absorbent laminate according to [1] or [2], wherein the first fiber
layer has an average pore size of 0.5 to 50 pm.

[4] The water absorbent laminate according to any one of [1] to [3], wherein the
first fiber assembly is a melt-blown nonwoven fiber assembly.

[5] The water absorbent laminate according to any one of [1] to [4], wherein the
first hydrophilic fibers include a polyamide-based resin.

[6] The water absorbent laminate according to any one of [1] to [5], further
including a third fiber layer including a third fiber assembly including second
hydrophilic fibers, the third fiber layer being interposed between the first fiber layer
and the second fiber layer.

[7] The water absorbent laminate according to any one of [1] to [6], having a

-2
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tensile strength in a longitudinal direction in a wetted state greater than or equal to 160
N/5 c¢m as determined in accordance with JIS L 1913.

[8] The water absorbent laminate according to any one of [1] to [7], being used
for removing abrasive grains and water from a surface of an object.

[9] A method for producing the water absorbent laminate according to [6], the
method including;

a first step of joining the first fiber layer with the third fiber layer by
interlacement or fusion of fibers forming the first fiber assembly and fibers forming the
third fiber assembly, or joining the second fiber layer with the third fiber layer by
interlacement or fusion of fibers forming the second fiber assembly and fibers forming
the third fiber assembly; and

a second step of joining the second fiber layer with the third fiber layer by
interlacement or fusion of fibers forming the second fiber assembly and fibers forming
the third fiber assembly when the first fiber layer and the third fiber layer are joined
together in the first step, and joining the first fiber layer with the third fiber layer by
interlacement or fusion of fibers forming the first fiber assembly and fibers forming the
third fiber assembly when the second fiber layer and the third fiber layer are joined
together in the first step,

the interlacement or fusion in both the first step and the second step being
performed by a spunlace method, a steam-jet method or a needle punching method.
ADVANTAGEOUS EFFECTS OF INVENTION

According to the present invention, there can be provided a water absorbent
laminate having excellent water absorbency and water retainability. The water
absorbent laminate according to the present invention can be suitably used as a water
absorbent material represented by a wiping material for wiping off water or deposits
containing water from surfaces of various kinds of objects.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a sectional view schematically showing one example of a water

absorbent laminate according to the present invention.
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Fig. 2 is a sectional view schematically showing another example of a water
absorbent laminate according to the present invention.

Fig. 3 is a sectional view schematically showing still another example of a
water absorbent laminate according to the present invention.
DESCRIPTION OF EMBODIMENTS

The present invention relates to a water absorbent laminate that includes at least
a first fiber layer including a first fiber assembly inc]uding first hydrophilic fibers; and
a second fiber layer including a second fiber assembly including wet-heat-adhesive
fibers in an amount greater than or equal to 80% by mass. Hereinafter, the present
invention will be described in detail with reference to embodiments.
<Embodiment 1>

Fig. 1 is a sectional view schematically showing one example of a water
absorbent laminate according to this embodiment. A water absorbent laminate 100
shown in Fig. 1 includes a first fiber layer 10, and a second fiber layer 21 stacked
adjacently on one side of first fiber layer 10 in the thickness direction (i.e., second fiber
layer 21 is stacked on first fiber layer 10 so as to be in contact with one surface of first
fiber layer 10).
(1) First Fiber Layer

First fiber layer 10 is a layer that is involved in at least absorption of water in
water absorbent laminate 100. A surface of first fiber layer 10 on a side opposite to
second fiber layer 21 (i.e., the other surface of first fiber layer 10 in the thickness
direction) can be a water absorption surface absorbing water therefrom, and can be a
wiping surface that is brought into contact with surfaces of various kinds of objects in
the case where water absorbent laminate 100 is, for example, a wiping material for
wiping off water or deposits containing water along with other components from the
surfaces of the objects.

First fiber layer 10 is a layer made of a first fiber assembly.  The first fiber
assembly has water absorbency, and preferably allows water to permeate to second

fiber layer 21.  From the viewpoint of water absorbency and water permeability, the
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first fiber assembly forming first fiber layer 10 includes hydrophilic fibers (first
hydrophilic fibers). The hydrophilic fibers can be synthetic fibers, natural fibers,
regenerated fibers or the like. The hydrophilic fibers may be used singly, or in
combination of two or more kinds thereof.

Examples of the hydrophilic synthetic fiber may include synthetic fibers made
from a thermoplastic resin having hydrophilic groups such as a hydroxyl group, a
carboxyl group and a sulfone group, and/or hydrophilic bonds such as an amide bond.
Specific examples of the thermoplastic resin include polyvinyl alcohol-based resins
(e.g., ethylene-vinyl alcohol-based copolymers); polyamide-based resins [e.g., aliphatic
polyamides such as polyamide 6, polyamide 66, polyamide 11, polyamide 12,
polyamide 610, polyamide 612, polyamide 92 and polyamide 9C (a polyamide
composed of nonanediamine and cyclohexanedicarboxylic acid), and copolymers
thereof, and semi-aromatic polyamides synthesized from an aromatic dicarboxylic acid
and an aliphatic diamine, such as polyamide 9T (a polyamide composed of
nonanediamine and terephthalic acid), and copolymers thereof]; polyester-based resins
(e.g., polylactic acid-based resins such as polylactic acid); and (meth)acrylic resins [e.g.,
resins including (meth)acrylamide units]. Among them, polyvinyl alcohol-based
resins and polyamide-based resins are preferably used. The hydrophilic synthetic
fibers may be used singly, or in combination of two or more kinds thereof. In the case
where the first fiber structure is composed of fibers of a non-hydrophilic resin
(hydrophobic resin) such as, for example, a polyolefin-based resin or a polyester-based
resin, a laminate having good water absorbency cannot be obtained.

In an ethylene-vinyl alcohol-based copolymer as one preferred example of the
polyvinyl alcohol-based resin, the content of the ethylene unit (copolymerization ratio)
is, for example, 10 to 60 mol%, preferably 20 to 55 mol%, more preferably 30 to 50
mol%. The saponification degree of the vinyl alcohol unit is, for example, 90 to 99.99
mol%, preferably 95 to 99.98 mol%, more preferably 96 to 99.97 mol%. The
viscosity average polymerization degree of the ethylene-vinyl alcohol-based copolymer

is, for example, 200 to 2500, preferably 300 to 2000, more preferably 400 to 1500.

-5-
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Examples of the hydrophilic natural fiber include cotton, silk, hemp, silk and
wool. Examples of the hydrophilic regenerated fiber include cellulose-based fibers
such as rayon, lyocell, cupro and polynosic. These natural fibers and regenerated
fibers may be used singly, or in combination of two or more kinds thereof.

The hydrophilic fiber is made from a hydrophilic resin at least at the surface
thereof, and may be, for example, a fiber obtained by hydrophilizing the surface of a
hydrophobic resin, or a core-sheath-type composite fiber having a structure in which a
hydrophilic resin covers the whole surface of a core part continuously in the length
direction. The core part of the core-sheath-type composite fiber can be made from a
thermoplastic resin such as, for example, a polyolefin-based resin such as polyethylene
or polypropylene, a polyester-based resin, a polyamide-based resin or a
polyurethane-based resin. Examples of the hydrophilic resin forming the sheath part
include those described for the hydrophilic synthetic fibers. The content ratio of the
sheath part to the core part (sheath part/core part) in the core-sheath-type composite
fiber is, for example, 90/10 to 10/90, preferably 80/20 to 15/85, more preferably 60/40
to 20/80 in mass ratio.

The first fiber assembly forming first fiber layer 10 may include fibers other
than hydrophilic fibers (e.g., hydrophobic fibers), but the content of hydrophilic fibers
is preferably high from the viewpoint of water absorbency. Specifically, the content
of hydrophilic fibers included in the first fiber assembly is preferably greater than or
equal to 70% by mass, more preferably greater than or equal to 80% by mass, still more
preferably greater than or equal to 90% by mass (e.g., 100% by mass). Examples of
the fiber other than hydrophilic fibers may include fibers made from a polyolefin-based
resin such as polyethylene or polypropylene, a polyester-based resin or a
polyurethane-based resin.

Water absorbent laminate 100 has good water absorbency, and a surface of first
fiber layer 10 on a side opposite to second fiber layer 21 (the other surface of first fiber
layer 10 in the thickness direction), which serves as a water absorption surface, has a

water absorption rate less than or equal to 10 seconds, preferably less than or equal to 5
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seconds as determined in accordance with the dropping method defined in Section 7.1.1
in “Water Absorbency Test Method for Fiber Products” in JIS L 1907.  The water
absorption rate is usually greater than or equal to 0.01 second.  The water absorption
rate mentioned herein means a water absorption rate at the outer surface of water
absorbent laminate 100.

Preferably, hydrophilic fibers forming the first fiber assembly (and fibers other
than hydrophilic fibers if the first fiber assembly includes these fibers) have an
extremely small fiber diameter smaller than that of fibers forming other layers of water
absorbent laminate 100 in order to improve the surface smoothness of the outer surface
of first fiber layer 10, which serves as a water absorption surface. ~Specifically, the
average fiber diameter (number average fiber diameter) is preferably less than or equal
to 10 pm, more preferably 0.1 to 9 pum, still more preferably 0.5 to 8 um, still more
preferably 1 to 7 um, especially preferably 2 to 6 um. When the average fiber
diameter is in the range as described above, the outer surface of first fiber layer 10 has
excellent surface smoothness, and damage to a surface of an object to be wiped can be
effectively suppressed when water absorbent laminate 100 is used as, for example, a
wiping material. High surface smoothness is also advantageous in terms of water
absorbency and uniformity of wiping operations because the contact surface with a
surface of an object on which water to be absorbed and removed is deposited is
widened. In the case where the average fiber diameter is excessively small,
permeability of absorbed water into second fiber layer 21 may be reduced. Usually,
the cross-sectional shape of fibers forming the first fiber assembly can be a perfectly
circular shape, an elliptical shape or the like. When the first fiber assembly includes
fibers other than hydrophilic fibers, the average fiber diameter of the other fibers is
preferably in the range as described above.

Fibers forming the first fiber assembly may contain one or more additives as
necessary. Specific examples of the additive include colorants, heat stabilizers,
ultraviolet absorbers, light stabilizers, antioxidants, fine particles, crystallization rate

retarders, antistatic agents, flame retardants, plasticizers and lubricants. The additive
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may be carried on the surfaces of fibers, or contained in fibers.

The first fiber assembly forming first fiber layer 10 is preferably a nonwoven
fiber assembly, more preferably a melt-blown nonwoven fiber assembly. By a
melt-blow method, first fiber layer 10 composed of ultrafine fibers can be easily
formed, and first fiber layer 10 having a structure and characteristics that are
advantageous in terms of improvement of water absorption performance of water
absorbent laminate 100 can be easily formed.

The average pore size of first fiber layer 10 in water absorbent laminate 100 is
preferably 0.5 to 50 um, more preferably 5 to 40 pm. When the average pore size is
in the range as described above, good water absorbency can be imparted to first fiber
layer 10. It is also advantageous in terms of improvement of particle trapping
performance that the average pore size is in the range as described above. As
described later, water absorbent laminate 100 can also be suitably used as, for example,
a wiping material (cleaning tape) for wiping off an abrasive grain slurry (water with
abrasive grains dispersed therein) deposited on a board of a substrate such as a hard
disk board after a step of polishing the board. When the average pore size is in the
range as described above, abrasive grains can be effectively trapped and held.
Preferably, the average pore size of first fiber layer 10 is adjusted to a value slightly
larger than the abrasive grain size. Water absorbent laminate 100 can trap not only
abrasive grains but also other particles (solid substance), and the average pore size of
first fiber layer 10 in such a case can be adjusted according to the particle size of
particles (solid substance) to be trapped and removed, to such an extent that good water
absorbency is obtained.

The porosity of first fiber layer 10 in water absorbent laminate 100 is preferably
greater than or equal to 70%, more preferably greater than or equal to 75%, still more
preferably greater than or equal to 80% from the viewpoint of the water absorption rate
and permeability of absorbed water into second fiber layer 21.  The porosity of first
fiber layer 10 is usually less than or equal to 99%, more typically less than or equal to

95%.
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First fiber layer 10 is preferably a dense layer made of an ultrafine first fiber
assembly as described above, and the basis weight of the layer is, for example, 3 to 100
o/m”, preferably 5 to 90 g/m”, more preferably 10 to 80 g/m’ (e.g., 30 to 70 g/m’).
When the basis weight of first fiber layer 10 is excessively small, fibers forming second
fiber layer 21 in water absorbent laminate 100 are easily exposed to the outer surface of
first fiber layer 10, so that the surface smoothness of the outer surface may be impaired.
When the basis weight of first fiber layer 10 is excessively large, permeability of
absorbed water into second fiber layer 21 is easily reduced.

The apparent density of first fiber layer 10 in water absorbent laminate 100 is
preferably less than or equal to 0.35 g/cm®, more preferably less than or equal to 0.3
g/cm’, still more preferably less than or equal to 0.25 g/em’® (e.g., less than or equal to
0.2 g/lem’). When the apparent density of first fiber layer 10 is excessively large,
permeability of absorbed water into second fiber layer 21 is easily reduced. The
apparent density of first fiber layer 10 is usually greater than or equal to 0.01 g/em’,
more typically greater than or equal to 0.1 g/em’

The thickness of first fiber layer 10 in water absorbent laminate 100 is, for
example, 10 to 600 um, and preferably greater than or equal to 50 um, more preferably
greater than or equal to 100 pm from the viewpoint of water absorbency. When the
thickness of first fiber layer 10 is excessively small, good water absorbency is hardly
obtained. The thickness of first fiber layer 10 is preferably less than or equal to 550
1um, more preferably less than or equal to 500 nm from the viewpoint of permeability
of absorbed water into second fiber layer 21.

While the method for producing first fiber layer 10 (first fiber assembly) is not
particularly limited as long as the predetermined first fiber assembly can be formed, it
is preferable to use a melt-blow method because, as described above, first fiber layer 10
composed of ultrafine fibers can be easily formed, and first fiber layer 10 having a
structure and characteristics that are advantageous in terms of improvement of water
absorption performance of water absorbent laminate 100 can be easily formed.

In the melt-blow method, for example, a heat-melted thermoplastic resin 1s

-9.
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extruded (spun) from spinning holes of a nozzle having orifices (spinning holes)
arranged 1n a line, high-temperature air heated to a temperature equivalent to that of the
nozzle is jetted from a slit provided in the vicinity of the spinning holes, the
high-temperature air is brought into contact with the molten resin spun from the
spinning holes, so that the molten resin is minutely divided, and fibers formed by
minutely dividing the resin are collected on a collection surface of a conveyor disposed
below the nozzle, whereby a nonwoven fabric can be obtained.

The interval between spinning holes in the melt-blow method is, for example,
100 to 4000 holes/m, preferably 500 to 3000 holes/m, more preferably 1000 to 2500
holes/m. The single hole discharge amount is, for example, 0.01 to 1 g/hole*minute,
preferably 0.05 to 0.5 g/hole°minute, more preferably 0.1 to 0.3 g/hole*minute. The
spinning temperature can be selected according to the kind of the thermoplastic resin,
and 1t 1s, for example, 150 to 300°C, preferably 200 to 280°C, more preferably 220 to
270°C.

The air pressure of the high-temperature air is, for example, 0.01 to 1 MPa,
preferably 0.05 to 0.8 MPa, more preferably 0.1 to 0.6 MPa, still more preferably 0.2 to
0.5 MPa. The air temperature is, for example, a temperature close to the spinning
temperature, preferably a temperature higher by 0 to 50°C than the spinning
temperature, more preferably a temperature higher by 3 to 30°C than the spinning
temperature, still more preferably a temperature higher by 5 to 20°C than the spinning
temperature.

The conveyor speed is, for example, 1 to 200 m/minute, preferably 5 to 100
m/minute, more preferably 10 to 80 m/minute. By adjusting the air pressure, the
conveyor speed, the distance (collection distance) between the spinning holes and the
conveyor (e.g., net conveyor), and so on, the average pore size, the porosity, the basis
weight, the apparent density, the thickness and so on of resulting first fiber layer 10 can
be controlled.

(2) Second Fiber Layer

Second fiber layer 21 is a fiber layer made of a second fiber assembly including

-10-
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wet-heat-adhesive fibers in an amount greater than or equal to 80% by mass, and the
second fiber assembly is preferably a nonwoven fiber assembly. The nonwoven fiber
assembly (second fiber layer 21) can be obtained by applying high-temperature
(overheated or heated) steam to a web including wet-heat-adhesive fibers, so that a
bonding action is exhibited at a temperature less than or equal to the melting point of
the wet-heat-adhesive fibers to partially bond/fix and bundle the fibers.

By stacking second fiber layer 21 on one side of first fiber layer 10 in the
thickness direction, excellent water retainability and strength can be imparted to water
absorbent laminate 100, and the water absorbency of water absorbent laminate 100 can
be improved. In the case where water absorbent laminate 100 is used as a wiping
material, it is required to perform wiping operations uniformly for a surface of an
object to be wiped while water absorbent laminate 100 does not cause necking during
wiping operations. By stacking second fiber layer 21, the necking resistance of water
absorbent laminate 100 can be improved. In the case where water absorbent laminate
100 is used as a wiping material, it is required to suppress damage to a surface of an
object to be wiped. By stacking second fiber layer 21, the cushioning property
(compressive elastic modulus) of water absorbent laminate 100 can be improved, so
that damage to a surface can be effectively suppressed.

In this embodiment, the wet-heat-adhesive fibers forming the second fiber
assembly are made from at least a wet-heat-adhesive resin.  The wet-heat-adhesive
resin is a resin that can be fluidized or easily deformed to exhibit a bonding function at
a temperature easily achievable by high-temperature steam. More specifically, the
wet-heat-adhesive resin may be a thermoplastic resin that can be softened by hot water
(e.g., at 80 to 120°C, particularly at about 95 to 100°C), and self-bonded or bonded to
other fibers.  Specific examples of the wet-heat-adhesive resin include cellulose-based
resins (e.g., C1.3 alkyl cellulose ethers such as methyl cellulose ether, hydroxy-C; .3
alkyl cellulose ethers such as hydroxymethyl cellulose ether, carboxy-C,.; alkyl
cellulose ethers such as carboxymethyl cellulose ether, or salts thereof); polyalkylene

glycol-based resins (e.g., poly-Ca.4 alkylene oxides such as polyethylene oxide and
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polypropylene oxide); polyvinyl-based resins (e.g., polyvinyl pyrrolidone, polyvinyl
ether, vinyl alcohol-based polymers and polyviny! acetal); (meth)acrylic resins and
alkali metal salts thereof [e.g., copolymers including units composed of an acrylic
monomer such as (meth)acrylic acid or (meth)acrylamide, or salts thereof]; modified
vinyl-based copolymers (e.g., copolymers of a vinyl-based monomer such as
isobutylene, styrene, ethylene or vinyl ether and an unsaturated carboxylic acid or an
anhydride thereof such as maleic anhydride, or salts thereof); polymers containing
hydrophilic substituents (e.g., polyesters, polyamides or polystyrenes containing
sulfonic acid groups, carboxyl groups or hydroxyl groups or the like, or salts thereof);
and aliphatic polyester-based resins (e.g., polylactic acid-based resins). Examples of
the wet-heat-adhesive resin also include resins that can be softened by hot water
(high-temperature steam) to exhibit a bonding function, among polyolefin-based resins,
polyester-based resins, polyamide-based resins, polyurethane-based resins,
thermoplastic elastomers or rubbers (styrene-based elastomers etc.), and so on. The
wet-heat-adhesive resins may be used singly, or in combination of two or more kinds
thereof.

The wet-heat-adhesive resin is preferably a vinyl alcohol-based polymer, a
polylactic acid-based resin such as polylactic acid, or a (meth)acrylic resin including a
(meth)acrylamide unit, more preferably a vinyl alcohol-based polymer including an
a-Cz.19 olefin unit such as ethylene or propylene, still more preferably an ethylene-vinyl
alcohol-based copolymer.

In the ethylene-vinyl alcohol-based copolymer, the content of ethylene units
(copolymerization ratio) is, for example, 10 to 60 mol%, preferably 20 to 55 mol%,
more preferably 30 to 50 mol%. When the content of the ethylene unit is in the range
as described above, a unique property of having wet-heat-adhesiveness but having no
hot water-solubility can be imparted. When the ratio of the ethylene unit is
excessively low, the ethylene-vinyl alcohol-based copolymer easily swells of gelates
under low-temperature steam (water), and is easily changed in morphology when

wetted with water only once.  When the ratio of the ethylene unit is excessively high,
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moisture absorbency is reduced, so that fiber fusion is hardly performed by wet-heat,

and therefore it is difficult to secure practical strength in the resulting nonwoven fiber
assembly. Particularly when the ratio of the ethylene unit is in the range of 30 to 50
mol%, excellent processability into a nonwoven fiber assembly is obtained.

The saponification degree of the vinyl alcohol unit in the ethylene-vinyl
alcohol-based copolymer is, for example, 90 to 99.99 mol%, preferably 95 to 99.98
mol%, more preferably 96 to 99.97 mol%. When the saponification degree is
excessively small, heat stability is deteriorated, so that heat decomposition and gelation
tend to easily occur. When the saponification degree is excessively large, it is
difficult to produce fibers themselves.

The viscosity average polymerization degree of the ethylene-vinyl
alcohol-based copolymer is, for example, 200 to 2500, preferably 300 to 2000, more
preferably 400 to 1500. When the polymerization degree is in the range as described
above, an excellent balance between spinnability and wet-heat-adhesiveness is
obtained.

The transverse cross-sectional shape of the wet-heat-adhesive fiber
(cross-sectional shape perpendicular to the length direction of the fiber) is not limited to
a general solid cross-sectional shape such as a perfectly circular shape or an irregular
shape [flat shape, elliptical shape, polygonal shape, 3 to 14-foliated shape, T-shape,
H-shape, V-shape, dog-bone (I-shape) or the like], and it may be, for example, a hollow
cross-sectional shape.

The wet-heat-adhesive fiber may be a composite fiber made from a plurality of
resins including at least a wet-heat-adhesive resin.  The composite fiber needs to have
a wet-heat-adhesive resin on at least a part of the surface of the fiber. However, from
the viewpoint of adhesiveness between fibers, it is preferable that the wet-heat-adhesive
resin occupies at Jeast a part of the surface continuously in the length direction.

The transverse cross-sectional structure of the composite fiber, the surface of
which is occupied by the wet-heat-adhesive fiber, can have a structure of core-sheath

type, sea-island type, side-by-side type, multilayer lamination type, radial lamination
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type, random composite type or the like. Particularly, the core-sheath-type structure
being a structure in which the wet-heat-adhesive resin occupies the whole surface of the
core part continuously in the length direction (i.e., a core-sheath-type structure in which
the sheath part is made from a wet-heat-adhesive resin) is preferable because the
structure has high adhesiveness between fibers.

In the composite fiber, wet-heat-adhesive resins may be combined, or a
non-wet-heat-adhesive resin may be combined with a wet-heat-adhesive resin.  One
preferred example of the latter is a core-sheath-type composite fiber including a core
part made from a non-wet-heat-adhesive resin and a sheath part made from a
wet-heat-adhesive resin. Examples of the non-wet-heat-adhesive resin include
polyolefin-based resins, (meth)acrylic resins, vinyl chloride-based resins, styrene-based
resins, polyester-based resins, polyamide-based resins, polycarbonate-based resins,
polyurethane-based resins and thermoplastic elastomers. The non-wet-heat-adhesive
resins may be used singly, or in combination of two or more kinds thereof.

Particularly, as the non-wet-heat-adhesive resin, use of a resin having a melting
point higher than that of a wet-heat-adhesive resin (particularly an ethylene-vinyl
alcohol-based copolymer), for example, a polypropylene-based resin, a polyester-based
resin or a polyamide-based resin, is preferable from the viewpoint of the heat resistance
and dimensional stability of composite fibers, and use of a polyester-based resin or a
polyamide-based resin is more preferable because such a resin is excellent in balance
among heat resistance, fiber formability and so on.

Examples of the polyester-based resin may include aromatic polyester-based
resins such as polyethylene terephthalate-based resins, polytrimethylene
terephthalate-based resins, polybutylene terephthalate-based resins and polyethylene
naphthalate-based resins, and polyethylene terephthalate-based resins are preferable.
The polyethylene terephthalate-based resin may include, in addition to an ethylene
terephthalate unit, units derived from other dicarboxylic acids (e.g., isophthalic acid,
naphthalene-2,6-dicarboxylic acid, phthalic acid, 4,4’-diphenylcarboxylic acid,

bis(carboxyphenyl)ethane and 5-sodium sulfoisophthalic acid) and diols (e.g.,
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diethylene glycol, 1,3-propanediol, 1,4-butandiol, 1,6-hexanediol, neopentyl glycol,
cyclohexane-1,4-dimethanol, polyethylene glycol and polytetramethylene glycol) in a
ratio less than or equal to about 20 mol%.

Examples of the polyamide-based resin may include aliphatic polyamides such
as polyamide 6, polyamide 66, polyamide 11, polyamide 12, polyamide 610, polyamide
612, polyamide 92 and polyamide 9C (a polyamide composed of nonanediamine and
cyclohexanedicarboxylic acid), and copolymers thereof, and semi-aromatic polyamides
synthesized from an aromatic dicarboxylic acid and an aliphatic diamine, such as
polyamide 9T (a polyamide composed of nonanediamine and terephthalic acid), and
copolymers thereof. The polyamide-based resin may include units derived from other
copolymerizable monomers.

In the composite fiber made from a wet-heat-adhesive resin and a
non-wet-heat-adhesive resin (fiber forming copolymer), the ratio (mass ratio) between
both the resins can be selected according to the structure (e.g., core-sheath-type
structure). For example, the ratio (wet-heat-adhesive resin/non-wet-heat-adhesive
resin) is 90/10 to 10/90, preferably 80/20 to 15/85, more preferably 60/40 to 20/80.
When the ratio of the wet-heat-adhesive resin is excessively high, the strength of fibers
is hardly secured, and when the ratio of the wet-heat-adhesive resin is excessively low,
it is difficult to ensure that the wet-heat-adhesive resin exists continuously in the length
direction of the fiber surface, leading to deterioration of wet-heat-adhesiveness. There
is the same tendency as described above even when the surfaces of
non-wet-heat-adhesive fibers are coated with a wet-heat-adhesive resin.

The average fineness of wet-heat-adhesive fibers can be selected from the range
of, for example, 0.01 to 100 dtex, and is preferably 0.1 to 50 dtex, more preferably 0.5
to 30 dtex (particularly 1 to 10 dtex). When the average fineness is in the range as
described above, an excellent balance between fiber strength and exhibition of
wet-heat-adhesiveness is obtained.

The average fiber length of wet-heat-adhesive fibers can be selected from the

range of, for example, 10 to 100 mm, and is preferably 20 to 80 mm, more preferably
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25 to 75 mm (particularly 35 to 55 mm). When the average fiber length is in the range
as described above, fibers are sufficiently interlaced, and therefore the mechanical
strength of the second fiber assembly (second fiber layer 21) is improved.

The crimp ratio of wet-heat-adhesive fibers is, for example, 1 to 50%,
preferably 3 to 40%, more preferably 5 to 30% (particularly 10 to 20%). The number
of crimps is, for example, 1 to 100/inch, preferably 5 to 50/inch, more preferably about
10 to 30/inch.

The second fiber assembly forming second fiber layer 21 may include
non-wet-heat-adhesive fibers in addition to wet-heat-adhesive fibers. Specific
examples of the non-wet-heat-adhesive fibers include polyester-based fibers (e.g.,
aromatic polyester fibers such as polyethylene terephthalate fibers, polytrimethylene
terephthalate fibers, polybutylene terephthalate fibers and polyethylene naphthalate
fibers); polyamide-based fibers (e.g., aliphatic polyamide-based fibers such as those of
polyamide 6, polyamide 66, polyamide 11, polyamide 12, polyamide 610 and
polyamide 612, semi-aromatic polyamide-based fibers, and aromatic polyamide-based
fibers such as those of polyphenyleneisophthalamide,
polyhexamethyleneterephthalamide and poly-p-phenyleneterephthalamide),
polyolefin-based fibers (e.g., poly-Cz.4 olefin fibers such as those of polyethylene and
polypropylene); acrylic fibers (e.g., acrylonitrile-based fibers having an acrylonitrile
unit, such as acrylonitrile-vinyl chloride copolymers); polyvinyl-based fibers (e.g.,
polyvinyl acetal-based fibers); polyvinyl chloride-based fibers (e.g., fibers of polyvinyl
chloride, vinyl chloride-vinyl acetate copolymers and vinyl chloride-acrylonitrile
copolymers); polyvinylidene chloride-based fibers (e.g., fibers of vinylidene
chloride-vinyl chloride copolymers and vinylidene chloride-vinyl acetate copolymers),
poly-p-phenylenebenzobisoxazole fibers; polyphenylene sulfide fibers; and
cellulose-based fibers. The non-wet-heat-adhesive resins may be used singly, or in
combination of two or more kinds thereof. The average fineness and the average fiber

length of non-wet-heat-adhesive fibers can be the same as those of wet-heat-adhesive

fibers.
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For example, when hydrophilic cellulose-based fibers such as those of rayon are
combined with wet-heat-adhesive fibers including an ethylene-viny! alcohol copolymer,
shrinkage is promotéd and adhesiveness is improved due to high affinity between the
fibers, so that second fiber layer 21 having a relatively high density and high
mechanical strength and necking resistance can be obtained. When polyester-based
fibers having low moisture absorbency (e.g., polyethylene terephthalate fibers), etc. are
combined with wet-heat-adhesive fibers including an ethylene-vinyl alcohol copolymer,
second fiber layer 21 excellent in lightness can be obtained. When hydrophilic fibers
are used as non-wet-heat-adhesive fibers, the water retainability of water absorbent
laminate 100 tends to be improved.

The ratio (mass ratio) between wet-heat-adhesive fibers and
non-wet-heat-adhesive fibers (wet-heat-adhesive fibers/non-wet-heat-adhesive fibers)
in the second fiber assembly forming second fiber layer 21 is 80/20 to 100/0, preferably
90/10 to 100/0, more preferably 95/5 to 100/0. When the ratio of wet-heat-adhesive
fibers is in the range as described above, excellent water retainability, mechanical
strength and necking resistance can be imparted to water absorbent laminate 100.

Fibers forming the second fiber assembly may contain one or more additives as
necessary. Specific examples of the additive include colorants, heat stabilizers,
ultraviolet absorbers, light stabilizers, antioxidants, fine particles, crystallization rate
retarders, antistatic agents, flame retardants, plasticizers and lubricants. The additive
may be carried on the surfaces of fibers, or contained in fibers.

Second fiber layer 21 can be a nonwoven fiber assembly obtained from a web
made of the above-mentioned fibers. Preferably, the arrangement state and the
bonding state of fibers forming the web of the nonwoven fiber assembly are properly
adjusted. Preferably, fibers forming the fiber web are arranged so as to mutually cross
while being arranged generally parallel to a surface of the fiber web (nonwoven fiber
assembly). Preferably, fibers are fused at an intersection where the fibers cross.
Particularly, in the case where high hardness and mechanical strength are required,

bundle-shaped fused fibers with several to several tens of fibers fused in a bundle shape
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may be formed at a part other than the intersection, where fibers are arranged
substantially parallel to one another. By partially forming structures in which these
fibers are fused at intersections between single fibers, intersections between
bundle-shaped fibers or intersections between single fibers and bundle-shaped fibers,
second fiber layer 21 having a structure in which fibers are bonded together at
intersections to intertwine with one another like a network, or a structure in which
fibers are bonded together at intersections to mutually restrain neighboring fibers, with
a passage being formed by properly small gaps, is formed. Preferably, these
structures are generally uniformly distributed along the surface direction and the
thickness direction of the fiber web. Water absorbent laminate 100 including second
fiber layer 21 as described above is excellent in water absorbency, water retainability,
necking resistance, cushioning property, and permeability of absorbed water into
second fiber layer 21.

The phrase “arranged generally parallel to a surface of the fiber web” refers to a
state in which a part where locally a large number of fibers are arranged along the
thickness direction does not repeatedly occur. More specifically, this is a state in
which in microscopic observation of any cross-section of a fiber web of a nonwoven
fiber assembly, the abundance ratio (number ratio) of fibers extending continuously in
the thickness direction over at least 30% of the thickness of the fiber web is less than or
equal to 10% (particularly less than or equal to 5%) based on the total number of fibers
on the cross-section.

The reason why fibers are arranged paraliel to a surface of the fiber web is as
follows: when there exist a large number of fibers oriented along the thickness direction
(direction perpendicular to the web surface), disturbances in fiber arrangement occur on
the periphery, and thus gaps larger than necessary are formed in nonwoven fibers, so
that necking resistance etc. tend to be reduced. Therefore, it is preferable that the
number of such large gaps is reduced as much as possible, and thus it is desirable to
arrange fibers parallel to a surface of the fiber web where possible.

The second fiber assembly forming second fiber layer 21 is preferably a
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nonwoven fiber assembly in which fibers forming the second fiber assembly are
partially bonded and fixed by fusion of wet-heat-adhesive fibers, and it 1s preferable
that the fibers are bonded in a ratio less than or equal to 85% (e.g., 1 to 85%) in terms
of a fiber bonding rate by fusion of wet-heat-adhesive fibers. The fiber bonding rate
is more preferably 3 to 70%, still more preferably 5 to 60% (particularly 10 to 35%).

The fiber bonding rate is a rate of the number of cross-sections of two or more
bonded fibers to the number of cross-sections of all the fibers in the nonwoven fiber
assembly (second fiber assembly). A low fiber bonding rate means that the rate of
fusion of a plurality of fibers (rate of bundled and fused fibers) is low.

The fiber bonding rate that shows a degree of fusion can be easily and
conveniently measured by taking a photograph of an enlarged cross-section of the
nonwoven fiber assembly (second fiber assembly) using a scanning electron
microscope (SEM), and performing calculation on the basis of the number of bonded
fiber cross-sections in a predetermined region. However, in the case where fibers are
fused in a bundle shape, it may be difficult to observe a cross-section of a single fiber.
For example, in the case where the nonwoven fiber assembly has fibers bonded as
core-sheath-type fibers formed of a sheath part composed of wet-heat-adhesive fibers
and a core part composed of a fiber forming polymer, the fiber bonding rate can be
measured by releasing fusion of the bonded part by means of melting, washing and
removing or the like, and comparing released cross-sections with the cross-sections
before releasing the fusion.

It is preferable that in fibers forming the nonwoven fiber assembly, bonding
points of fibers are uniformly distributed from a surface to the inside (center) and to the
back surface of the nonwoven fiber assembly along the thickness direction. When
bonding points are localized, for example, at the surface or the inside, it may be
impossible to obtain sufficient necking resistance, and form stability is deteriorated at a
part where the number of bonding points is small.  When bonding points of fibers are
localized, for example, at the surface or the inside, proper gaps cannot be formed, and

thus water retainability, cushioning property, and permeability of absorbed water into
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second fiber layer 21 tend to be deteriorated. Therefore, it is preferable that in a
cross-section of the nonwoven fiber assembly in the thickness direction, the fiber
bonding rate in each of regions obtained by dividing the assembly into three equal parts
in the thickness direction is in the range as described above.

The difference between the maximum value and the minimum value of the fiber
bonding rate in each region is less than or equal to 20% (e.g., 0.1 to 20%), preferably
less than or equal to 15% (e.g., 0.5 to 15%), more preferably less than or equal to 10%
(e.g., 1 to 10%), or the ratio of the minimum value to the maximum value of the fiber
bonding rate in each region (minimum value/maximum value) (ratio of a region with
the fiber bonding rate being minimum to a region with the fiber bonding rate being
maximum) is, for example, greater than or equal to 50% (e.g., 50 to 100%), preferably
55 to 99%, more preferably 60 to 98% (particularly 70 to 97%). When the fiber
bonding rate has such uniformity in the thickness direction, the nonwoven fiber
assembly is excellent in hardness, flexural strength, bending resistance, toughness and
necking resistance, etc. The term “regions obtained by dividing the assembly into
three equal parts in the thickness direction” means regions obtained by dividing the
nonwoven fiber assembly (second fiber layer 21) into three equal parts by slicing the
nonwoven fiber assembly in a direction orthogonal to the thickness direction of the
nonwoven fiber assembly (the same applies to the following).

The porosity of second fiber layer 21 in water absorbent laminate 100 is
preferably greater than or equal to 70%, more preferably greater than or equal to 75%,
still more preferably greater than or equal to 80% from the viewpoint of the water
retainability, cushioning property and so on of water absorbent laminate 100. The
porosity of second fiber layer 21 is usually less than or equal to 99%, more typically
less than or equal to 95%.

The basis weight of second fiber layer 21 can be, for example, 20 to 1000 g/m”,
and is preferably 30 to 600 g/m’, more preferably 50 to 400 g/m>. When the basis
weight is excessively small, at least one of water retainability, necking resistance and

cushioning property tends to be insufticient. When the basis weight is excessively
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large, the web is too thick for high-temperature steam to sufficiently penetrate into the
web in wet-heat (steam-jet) processing, so that it tends to be difficult to form a
nonwoven fiber assembly that is uniform in the thickness direction.

The apparent density of second fiber layer 21 in water absorbent laminate 100 is
preferably less than or equal to 0.5 g/cm®, more preferably less than or equal to 0.4
g/cm’, still more preferably less than or equal to 0.3 g/em’ (e.g., less than or equal to
0.2 g/cm’, or even less than or equal to 0.15 g/em’).  When the apparent density of
second fiber layer 21 is excessively large, the water retainability and cushioning
property of water absorbent laminate 100 are apt to be insufficient. The apparent
density of second fiber layer 21 is usually greater than or equal to 0.01 g/em’, more
typically greater than or equal to 0.05 g/cm3. The water retainability of water
absorbent laminate 100 can be improved by decreasing the apparent density.

The thickness of second fiber layer 21 in water absorbent laminate 100 is, for
example, greater than or equal to 20 um, and preferably greater than or equal to 100 pm,
more preferably greater than or equal to 200 um from the viewpoint of water
absorbency, necking resistance and cushioning property. The thickness of second
fiber layer 21 is usually less than or equal to 2000 um, preferably less than or equal to
1000 um, more preferably less than or equal to 800 pm for avoiding an excessive
increase in mass of water absorbent laminate 100.

A method for producing the second fiber assembly as a nonwoven fiber
assembly forming second fiber layer 21 will now be described. The second fiber
assembly can be preferably produced by a steam-jet method in which a fiber web is
exposed to high-temperature and high-pressure steam to be formed into a nonwoven
fabric. In the production method, first, fibers including the wet-heat-adhesive fibers
are formed into a web. As a method for forming a web, a common method, for
example, a direct method such as a spunbond method or a melt-blow method; a card
method using melt-blown fibers, staple fibers or the like; or a dry method such as an
air-lay method can be used. Among these methods, a card method using melt-blown

fibers or staple fibers, particularly a card method using staple fibers is commonly used.
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Examples of the web obtained using staple fibers include random webs, semi-random
webs, parallel webs and cross-lap webs. In the case of increasing the ratio of
bundle-shaped fused fibers, semi-random webs and parallel webs are preferable.

The obtained fiber web is then sent to the next process by a belt conveyor,
where the fiber web is exposed to an overheated or high-temperature steam
(high-pressure steam) flow to obtain a second fiber assembly as a nonwoven fiber
assembly. Specifically, at the time when the fiber web conveyed by a belt conveyor
passes through a high-speed and high-temperature steam flow jetted from a nozzle of a
steam injection apparatus, fibers are three-dimensionally bonded together by sprayed
high-temperature steam. By using a method for treating the fiber web with
high-temperature steam, uniform fusion can be performed from the surface to the inside
of the nonwoven fiber assembly.

While the belt conveyor to be used is basically not particularly limited as long
as the fiber web can be treated with high-temperature steam while being compressed to
an intended density, an endless conveyor is suitably used. As necessary, two belt
conveyors may be combined to convey the fiber web with the fiber web sandwiched
between both the belts. When such a conveyance method is used, the fiber web can
be inhibited from being deformed by water used for treatment, high-temperature steam,
and external forces from vibrations of the conveyor, etc. in treatment of the fiber web.
The apparent density and the thickness of the resulting nonwoven fiber assembly can
also be controlled by adjusting the distance between belts.

A common steam injection apparatus is used for supplying steam to the fiber
web. The steam injection apparatus is preferably an apparatus capable of generally
uniformly spraying steam over the whole width of the web with a desired pressure and
amount. In the case where two belt conveyors are combined, steam is supplied to the
fiber web through a conveyor belt mounted in one of the conveyors and having air
permeability, or a conveyor net placed on the conveyor. A suction box may be
mounted in the other conveyor. When the suction box is installed, excess steam

passing through the fiber web can be suctioned and discharged. Further, in the
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conveyor on a side opposite to the conveyor in which the steam injection apparatus is
mounted and at a downstream part from the part at which the steam injection apparatus
is mounted, another steam injection apparatus may be installed for treating both the
front and the back of the fiber web with steam at a time.  For treating the front and the
back of the fiber web with steam in the case where a steam injection apparatus at the
downstream part and a suction box are absent, the front and the back of the fiber web
treated once may be reversed, followed by causing the fiber web to pass through the
treatment apparatus again.

The endless belt that can be used in the conveyor is not particularly limited as
long as it does not obstruct conveyance of the fiber web and the high-temperature
steam treatment. However, when the fiber web is treated with high-temperature steam,
a surface shape of the belt may be transferred to a surface of the fiber web depending
on the treatment conditions, and therefore it is preferable to select a proper endless belt
according to the use purpose. Particularly, in the case where it is desired to obtain a
nonwoven fiber assembly having a flat surface, use of a net of fine meshes is preferable.
The upper limit of the mesh size is about 90 mesh, and generally a net coarser than that
of 90 mesh (e.g., a net of about 10 to 50 mesh) is preferable. A net of finer meshes
has low air permeability, so that steam hardly passes through the net. ~ As a material of
the mesh belt, a metal, a heat-resistant resin such as a polyester-based resin, a
polyphenylene sulfide-based resin, a polyarylate-based resin (fully aromatic
polyester-based resin) or an aromatic polyamide-based resin that are subjected to a
heat-resistance treatment, or the like is preferably used from the viewpoint of heat
resistance to a steam treatment, etc.

High-temperature steam injected from the steam injection apparatus is a gas
flow, and therefore penetrates into the fiber web without significantly moving fibers in
the fiber web as an object to be treated, unlike a water flow interlacement treatment and
a needle punching treatment. 1t is considered that due to the penetration action of the
steam flow into the fiber web and the wet heat action, the surfaces of fibers existing in

the fiber web are efficiently covered with the steam flow in a wet-heat state, so that
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uniform heat bonding can be performed. This treatment is performed under a
high-speed gas flow in an extremely short time, and therefore while heat is sufficiently
conducted from the steam to the surfaces of fibers, the treatment is completed before
heat is sufficiently conducted into the fibers, so that deformation such as collapse of the
whole fiber web to be treated, or loss of the thickness of the fiber web is hardly caused
by a pressure and heat from high-temperature steam. As a result, the fiber web is not
significantly deformed, and wet-heat bonding is achieved such that the degree of
bonding in surface and thickness directions is generally uniform. As compared to a
dry-heat treatment, heat can be more sufficiently conducted into the nonwoven fiber
assembly, and therefore the degree of fusion in surface and thickness directions is
generally uniform.

At the time of treating the fiber web by supplying high-temperature steam to the
fiber web in order to improve water retainability, necking resistance and so on, the fiber
web may be exposed to the high-temperature steam while being compressed to an
intended apparent density between conveyor belts or between rollers. The fiber web
can also be adjusted to have an intended thickness and an intended apparent density by
providing a proper clearance between rollers or between conveyors. In the case of
conveyors, it is difficult to instantly compress the fiber web, and therefore it is
preferable that the tension of the belt is set as high as possible, and the clearance is
gradually narrowed from the upstream of the steam treatment spot. The various
physical properties such as the porosity and apparent density, the water retainability,
necking resistance, cushioning property and so on of the resulting nonwoven fiber
assembly can also be adjusted by adjustment of the steam pressure, the treatment rate
and so on.

As a nozzle for injecting high-temperature steam, a plate or die with
predetermined orifices continuously arranged in the width direction may be disposed in
such a manner that the orifices are arranged in the width direction of a fiber web to be
supplied with the steam. The number of orifice lines may be at least one. A plurality

of orifice lines may be arranged in parallel. A plurality of nozzle dies each having one
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orifice line may be installed in parallel.

In the case where a nozzle obtained by providing a plate with orifices is used,
the thickness of the plate may be about 0.5 to 1 mm. While the diameter and pitch of
the orifices are not particularly limited as long as conditions under which intended
fibers can be fixed are satisfied, the diameter of the orifice is usually 0.05 to 2 mm,
preferably 0.1 to 1 mm, more preferably 0.2 to 0.5 mm. The pitch of the orifices is
usually 0.5 to 3 mm, preferably 1 to 2.5 mm, more preferably 1to 1.5 mm. An
excessively small diameter of the orifice is apt to cause the equipment-related problem
that processing accuracy of the nozzle is deteriorated, and thus processing becomes
difficult, and the operation-related problem that clogging easily occurs. Conversely,
when the diameter of the orifice is excessively large, steam injection power is reduced.
When the pitch is excessively small, the nozzle holes are excessively dense, so that the
strength of the nozzle itself is reduced. When the pitch is excessively large,
high-temperature steam may fail to be sufficiently applied to the fiber web, leading to a
reduction in web strength.

While the high-temperature steam is not particularly limited as long as intended
fibers can be fixed, and conditions may be set according to the material and form of
fibers to be used, the steam pressure is, for example, 0.1 to 2 MPa, preferably 0.2 to 1.5
MPa, more preferably 0.3 to 1 MPa. When the steam pressure is excessively high,
fibers forming the fiber web may move more than necessary, resulting in texture
disorder, or fibers may be excessively melted, thus making it impossible to retain the
fiber shape in part. When the steam pressure is excessively low, an amount of heat
necessary for fusion of fibers cannot be given to the fiber web, or steam may be
impossible to pass through the fiber web, leading to occurrence of fiber fusion
unevenness in the thickness direction, and also it may be difficult to control uniform
jetting of steam from the nozzle.

The temperature of high-temperature steam is, for example, 70 to 150°C,
preferably 80 to 120°C, more preferably 90 to 110°C.  The treatment rate of

high-temperature steam is, for example, less than or equal to 200 m/minute, preferably
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0.1 to 100 m/minute, more preferably 1 to 50 m/minute.

The obtained nonwoven fiber assembly may be dried as necessary. In the
drying, the form of fibers on a surface of the nonwoven fiber assembly coming into
contact with a heater for drying must not be lost due to, for example, melting of fibers,
and a common method can be used as long as the form of fibers can be maintained.

For example, large drying equipment such as a cylinder dryer or a tenter that is used for
drying a nonwoven fabric may be used. However, since mostly the amount of
remaining water is very small, and thus the nonwoven fiber assembly can be dried by
relatively minor drying means, a non-contact method such as far-infrared ray
irradiation, microwave irradiation or electron beam irradiation, or a method using hot
air is preferable.

As described above, the nonwoven fiber assembly forming second fiber layer
21 is obtained by bonding wet-heat-adhesive fibers by high-temperature steam, but in
part, fibers may be bonded by other treatment methods such as heat embossing and
needle punching.

(3) Configuration, Properties and Uses of Water Absorbent Laminate

Water absorbent laminate 100 according to this embodiment is formed by
joining (uniting) second fiber layer 21 directly onto first fiber layer 10. Preferably,
the joining is performed by interlacement of fibers, fusion of fibers, or the like, and
bonding with, for example, an adhesive is avoided. When the joining is performed by
interlacement or fusion of fibers, high continuity between the gaps of first fiber layer 10
and the second fiber layer can be maintained, and therefore high water retainability,
high water absorbency, high permeability of absorbed water into second fiber layer 21,
etc. can be achieved.

The basis weight of water absorbent laminate 100 is, for example, 20 to 1100
g/m”, preferably 30 to 700 o/m?’, more preferably 60 to 500 g/m’ (e.g., 100 to 300 g/m®).
1t is advantageous in terms of water retainability, permeability of absorbed water into
second fiber layer 21, necking resistance, cushioning property and so on that the basis

weight of water absorbent laminate 100 is in the range as described above.
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Water absorbent laminate 100 has high water absorbency, and the water
retention rate of water absorbent laminate 100 as defined in Section 6.9.2 in “General
Nonwoven Fabric Test Method” in JIS L. 1913 may be, for example, greater than or
equal to 200%, or greater than or equal to 300%, or even greater than or equal to 400%.
Water retainability can be improved by, for example, increasing the thickness or the
porosity of second fiber layer 21, or decreasing the apparent density or the fiber
bonding rate of second fiber layer 21.

Water absorbent laminate 100 can have excellent necking resistance, and
accordingly, in the case where water absorbent laminate 100 is used as a wiping
material, wiping operations can be performed uniformly for a surface of an object to be
wiped. The low elongation in wetting of water absorbent laminate 100, which is an
index of necking resistance, may be, for example, greater than or equal to 160 N/5 cm,
or even greater than or equal to 180 N/5 cm (e.g., greater than or equal to 200 N/5 cm)
in terms of a longitudinal tensile strength in wetting as defined in Section 6.3.2 in
“General Nonwoven Fabric Test Method” in JISL 1913.  'When the longitudinal
tensile strength in wetting is below the range as described above, necking may occur
during wiping operations, so that wiping operations may become unstable, thus making
it difficult to perform uniform wiping operations.

Water absorbent laminate 100 can have excellent cushioning property
(compressive elastic modulus), and accordingly, damage to a surface of an object to be
wiped can be effectively suppressed. For improving cushioning property, for example,
the apparent density of water absorbent laminate 100 may be decreased, or the
thickness of water absorbent laminate 100 may be increased.

Water absorbent laminate 100 can be suitably used as various kinds of water
absorbent materials in general consumer and general household applications or
industrial applications. The water absorbent material is a material or product for
absorbing water or a water-containing substance for some purpose, as well as a matenal
or product for retaining absorbed water. Water absorbent laminate 100 1s excellent in

not only water absorbency but also water retainability, and therefore particularly
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effective in water absorbent material applications in which it is required to retain
absorbed water.

Examples of the applicable absorbent material include wiping materials (e.g.,
wipers and waste clothes) for wiping off water or deposits containing water along with
other components from surfaces of various kinds of objects; skin care sheets such as
face masks; body fluid absorbing sheets such as disposable diapers; dew condensation
preventing materials; and packaging materials having a moisture leakage preventing
function. In particular, water absorbent laminate 100 can be suitably used as a wiping
material for absorbing water, and also trapping and removing particles (solid substance)
deposited on a surface of an object by utilizing pores of first fiber layer 10. One
example of these applications is a wiping material (cleaning tape) for wiping off an
abrasive grain slurry (water with abrasive grains dispersed therein) deposited on a
board of a substrate such as a hard disk board after a step of polishing the board. For
example, in production of hard disks, free abrasive grains (polishing agent) are
deposited on a surface of a polishing cloth (nonwoven fabric, woven fabric or the like)
to texture or polish a surface of a substrate, and water absorbent laminate 100 can also
be used as such a polishing cloth.

(4) Production of Water Absorbent Laminate

As described above, first fiber layer 10 (first fiber assembly) and second fiber
layer 21 (second fiber assembly) are joined together (united) preferably by
interlacement of fibers, fusion of fibers or the like in production of water absorbent
laminate 100. Examples of the interlacement method may include a spunlace method
and a needle punching method, and examples of the fusion method may include a
steam-jet method. The steam-jet method is a method that can be used in the case
where at least one of the fiber layers to be joined together include wet-heat-adhesive
fibers. Since second fiber layer 21 forming water absorbent laminate 100 includes
wet-heat-adhesive fibers, the steam-jet method can be applied to production of water
absorbent laminate 100.  According to the method for joining the layers together by

interlacement of fibers or fusion of fibers, high continuity between the gaps of first
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fiber layer 10 and the gaps of second fiber layer 21 can be maintained, and therefore
high water retainability and high water absorbency can be achieved.

In particular, the spunlace method is preferably used because high continuity as
described above is relatively easily attained. In the case of the steam-jet method,
pores are closed to deteriorate continuity if fusion of fibers is excessively advanced.

In the case of the needle punching method, it may be impossible to obtain good
bondability while securing high continuity particularly when fiber assemblies having a
small basis weight are joined together.

<Embodiment 2>

Fig. 2 is a sectional view schematically showing one example of a water
absorbent laminate according to this embodiment. A water absorbent laminate 200
shown in Fig. 2 has the same configuration as in Embodiment 1 except that in place of
second fiber layer 21, a second fiber layer 22 is stacked on one side of first fiber layer
10 in the thickness direction. Second fiber layer 22 is composed of a nonwoven fiber
assembly including wet-heat-adhesive fibers, and potentially crimpable composite
fibers in which a plurality of resins having different thermal shrinkage ratios (or
thermal expansion coefficients) form a phase-separated structure.

In the nonwoven fiber assembly (second fiber assembly) forming second fiber
layer 22, wet-heat-adhesive fibers are substantially uniformly fused therein, and
potentially crimpable composite fibers are substantially uniformly crimped with an
average curvature radius of 20 to 200 pm, so that the fibers are sufficiently interlaced.
The nonwoven fiber assembly (second fiber layer 22) is obtained by applying
high-temperature (overheated or heated) steam to a web including wet-heat-adhesive
fibers and potentially crimpable composite fibers, so that a bonding action is exhibited
at a temperature less than or equal to the melting point of the wet-heat-adhesive fibers
to partially bond/fix the fibers, and the potentially crimpable composite fibers are
caused to develop crimps to mechanically interlace the fibers. The same effect as in
Embodiment 1 can also be obtained by stacking second fiber layer 22 on one side of

first fiber layer 10 in the thickness direction. According to this embodiment, the
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cushioning property of water absorbent laminate 200 can be further improved by
interlacement due to crimping of potentially crimpable composite fibers.

In this embodiment, the second fiber assembly includes wet-heat-adhesive
fibers and potentially crimpable composite fibers. The wet-heat-adhesive fibers can
be the same as the wet-heat-adhesive fibers used in second fiber layer 21 in
Embodiment 1, and details thereof are as described above.

The potentially crimpable composite fiber is a fiber (potential-crimp fiber)
having an asymmetric or layered (so-called bimetal) structure which is crimped by
heating due to a difference in thermal shrinkage ratio (or thermal expansion coefficient)
among a plurality of resins. A plurality of resins usually have mutually different
softening points or melting points. A plurality of resins can be selected from
thermoplastic resins such as, for example, polyolefin-based resins (e.g., poly-Cs.4
olefin-based resins such as low-density, medium-density or high-density polyethylene
and polypropylene); acrylic resins (e.g., acrylonitrile-based resins having an
acrylonitrile unit, such as acrylonitrile-vinyl chloride copolymers); polyvinyl
acetal-based resins (e.g., polyvinyl acetal resins); polyvinyl chloride-based resins (e.g.,
polyvinyl chloride, vinyl chloride-vinyl acetate copolymers and vinyl
chloride-acrylonitrile copolymers), polyvinylidene chloride-based resins (e.g.,
vinylidene chloride-vinyl chloride copolymers and vinylidene chloride-vinyl acetate
copolymers); styrene-based resins (e.g., heat-resistant polystyrene), polyester-based
resins (poly-C,.4 alkylene arylate-based resins such as polyethylene terephthalate resins,
polytrimethylene terephthalate resins, polybutylene terephthalate resins and
polyethylene naphthalate resins); polyamide-based resins [e.g., aliphatic
polyamide-based resins such as polyamide 6, polyamide 66, polyamide 11, polyamide
12, polyamide 610, polyamide 612, polyamide 92 and polyamide 9C (a polyamide
composed of nonanediamine and cyclohexanedicarboxylic acid), and copolymers
thereof, semi-aromatic polyamide-based resins such as polyamide 9T (a polyamide
composed of nonanediamine and terephthalic acid), and copolymers thereof, and

aromatic polyamide-based resins such as polyphenyleneisophthalamide,
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polyhexamethyleneterephthalamide and poly-p-phenyleneterephthalamide, and
copolymers thereof]; polycarbonate-based resins (e.g., bisphenol A-type
polycarbonate); poly-p-phenylenebenzobisoxazole resins, polyphenylene sulfide resins,
polyurethane-based resins and cellulose-based resins (e.g., cellulose esters). The
thermoplastic resins may include units derived from other copolymerizable monomers.

Among the thermoplastic resins, non-wet-heat-adhesive resins (or heat-resistant
hydrophobic resins or nonaqueous resins) having a softening point or melting point
greater than or equal to 100°C, such as, for example, polypropylene-based resins,
polyester-based resins and polyamide-based resins are preferable because fibers are not
melted or softened to be fused even when subjected to a heating and humidification
treatment with high-temperature steam. Particularly, aromatic polyester-based resins
and polyamide-based resins are preferable because they are excellent in balance among
heat resistance, fiber formability and so on. The resin exposed to the surfaces of
potentially crimpable composite fibers is preferably a non-wet-heat-adhesive fiber so
that the potentially crimpable composite fibers are not fused even when treated with
high-temperature steam.

A plurality of resins forming the potentially crimpable composite fiber may
have different thermal shrinkage ratios (or thermal expansion coefficients), and may
constitute a combination of resins of the same kind, or a combination of different kinds
of resins.

Preferably, a plurality of resins forming the potentially crimpable composite
fiber constitute a combination of resins of the same kind from the viewpoint of
adhesiveness. In this case, usually a combination of a component (A) forming a
homopolymer (essential component) and a component (B) forming a modification
polymer (copolymer) is used. For example, a copolymerizable monomer for reducing
the crystallization degree, the melting point, the softening point, or the like is
copolymerized with the homopolymer as an essential component to perform
modification, whereby the crystallization degree is reduced as compared to the

homopolymer, or the polymer is made noncrystalline to reduce the melting point or
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softening point as compared to the homopolymer.  This causes a difference in thermal
shrinkage ratio.  The difference in melting point or softening point is, for example, S
to 150°C, preferably 50 to 130°C, more preferably 70 to 120°C. The ratio of the
copolymerizable monomer to be used for modification is, for example, 1 to 50 mol%,
preferably 2 to 40 mol%, more preferably 3 to 30 mol% (particularly 5 to 20 mol%)
based on the amount of all the monomers. While the combination ratio (mass ratio)
between the component forming a homopolymer and the component forming a
modification polymer can be selected according to the structure of fibers, the ratio
(homopolymer component (A)/modification polymer component (B)) is, for example,
90/10 to 10/90, preferably 70/30 to 30/70, more preferably 60/40 to 40/60.

A plurality of resins forming the potentially crimpable composite fiber
preferably constitute a combination of aromatic polyester-based resins, more preferably
a combination of a polyalkylene arylate-based resin (a) and a modified polyalkylene
arylate-based resin (b) because the potentially crimpable composite fibers are easily
produced. Particularly, a type in which crimps are developed after formation of a web
1s preferable, and in this respect, the above-mentioned combination is preferable.
When crimps are developed after formation of a web, fibers are efficiently interlaced,
and the form of the web can be retained with a smaller number of fusion points, so that
good water retainability, cushioning property, necking resistance and so on can be
achieved.

The polyalkylene arylate-based resin (a) can be a homopolymer of an aromatic
dicarboxylic acid (e.g., a symmetric aromatic dicarboxylic acid such as terephthalic
acid or naphthalene-2,6-dicarboxylic acid) and an alkanediol component (a Cs
alkanediol such as ethylene glycol or butylene glycol).  Specifically, a poly-Cz.4
alkylene terephthalate-based resin such as polyethylene terephthalate (PET) or
polybutylene terephthalate (PBT), or the like is used, and usually, PET for use in
general PET fibers having an intrinsic viscosity of about 0.6 to 0.7 is used.

As a copolymerization component for reducing the melting point or softening

point and the crystallization degree of the polyalkylene arylate-based resin (a) as an
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essentially component, in the modified polyalkylene arylate-based resin (b), for
example, a dicarboxylic acid component such as an asymmetric aromatic dicarboxylic
acid, an alicyclic dicarboxylic acid or an aliphatic dicarboxylic acid, or an alkanediol
component having a chain length longer than that of the alkanediol component forming
the pblyalkylene arylate-based resin (a), and/or an ether bond-containing diol
component can be used. The copolymerization components may be used singly, or in
combination of two or more kinds thereof.

Preferred examples of the dicarboxylic acid component include asymmetric
aromatic carboxylic acids (e.g., isophthalic acid, phthalic acid and 5-sodium
sulfoisophthalic acid), and aliphatic dicarboxylic acids (Cs.12 aliphatic dicarboxylic
acids such as adipic acid). Preferred examples of the diol component include
alkanediols (e.g., Cs alkanediols such as 1,3-propanediol, 1,4-butanediol,
1,6-hexanediol and neopentyl glycol), and (poly)oxyalkylene glycols (e.g.,
polyoxy-C,.4 alkylene glycols such as diethylene glycol, triethylene glycol,
polyethylene glycol and polytetramethylene glycol). Among them, asymmetric
aromatic dicarboxylic acids such as isophthalic acid, and polyoxy-Cz4 alkylene glycols
such as diethylene glycol are more preferable. The modified polyalkylene
arylate-based resin (b) may be an elastomer having a Cz.4 alkylene arylate (eg.,
ethylene terephthalate or butylene terephthalate) as a hard segment and a
(poly)oxyalkylene glycol etc. as a soft segment.

In the modified polyalkylene arylate-based resin (b), the ratio of a dicarboxylic
acid component (e.g., isophthalic acid) for reducing the melting point or softening point
is, for example, 1 to 50 mol%, preferably 5 to 50 mol%, more preferably 15 to 40
mol% based on the total amount of dicarboxylic acid components. The ratio of a diol
component (e.g ., diethylene glycol) for reducing the melting point or softening point is,
for example, less than or equal to 30 mol%, preferably less than 6r equal to 10 mol%
(e.g., 0.1 to 10 mol%) based on the total amount of diol components. When the ratio
of copolymerization components is excessively low, sufficient crimps are not

developed, and thus the form stability of the nonwoven fiber assembly after
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development of crimps is deteriorated, and also, regarding improvement of water
retainability, cushioning property and/or necking resistance etc., the effect of using
potentially crimpable composite tibers is reduced, or any of the properties tends to be
rather deteriorated as compared to a case where potentially crimpable composite fibers
are not used. When the ratio of copolymerizable components is excessively high,
crimp developing performance is improved, but it is difficult to stably perform
spinning.

The modified polyalkylene arylate-based resin (b) may include units derived
from polyvalent carboxylic acid components such as trimellitic acid and pyromellitic
acid, polyol components such as glycerin, trimethylolpropane, trimethylolethane and
pentaerythritol, and so on as necessary.

The transverse cross-sectional shape of the potentially crimpable composite
fiber (cross-sectional shape perpendicular to the length direction of the fiber) is not
limited to a general solid cross-sectional shape such as a perfectly circular shape or an
irregular shape [flat shape, elliptical shape, polygonal shape, 3 to 14-foliated shape,
T-shape, H-shape, V-shape, dog-bone (I-shape) or the like], and it may be, for example,
a hollow cross-sectional shape. Usually, the transverse cross-sectional shape of the
potentially crimpable composite fiber is a perfectly circular shape.

The transverse cross-sectional structure of the potentially crimpable composite
fiber can be a phase-separated structure formed of a plurality of resins, such as, for
example, a structure of core-sheath type, sea-island type, blend type, parallel type
(side-by-side type or multilayer lamination type), radial type (radial lamination type),

hollow radial type, block type, random composite type or the like. In particular, a

structure in which phase parts neighbor each other (so-called bimetal structure), and a

structure in which the phase-separated structure is asymmetric, such as, for example, a
structure of eccentric core-sheath type or parallel type are preferable because
spontaneous crimps are easily developed by heating,

In the case where the potentially crimpable composite fiber has a structure of

core-sheath type such as a structure of eccentric core-sheath type, the core part may be
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made from a wet-heat-adhesive resin (e.g., a vinyl alcohol-based polymer such as an
ethylene-vinyl alcohol copolymer or polyvinyl alcohol), or a thermoplastic resin having
a low melting point or softening point (e.g., polystyrene or low-density polyethylene)
as long as there is a difference in thermal shrinkage between the core part and the
sheath part situated at the surface and composed of a non-wet-heat-adhesive resin, and
thus the fiber can be crimped.

The average fineness of potentially crimpable composite fibers can be selected
from the range of, for example, 0.1 to 50 dtex, and is preferably 0.5 to 10 dtex, more
preferably 1 to 5 dtex (particularly 1.5 to 3 dtex). When the average fineness is
excessively small, it is difficult to produce fibers themselves, and it is also difficult to
secure the fiber strength.  Further, it 1s difficult to develop fine coil-shaped crimps in a
step of developing crimps. When the average fineness is excessively large, fibers are
rigid, so that it is difficult to develop sufficient crimps.

The average fiber length of potentially crimpable composite fibers can be
selected from the range of, for example, 10 to 100 mm, and is preferably 20 to 80 mm,
more preferably 25 to 75 mm (particularly 40 to 60 mm). When the average fiber
length is excessively short, it is difficult to form a fiber web, and also in a step of
developing crimps, interlacement of fibers is insufficient, resulting in poor strength,
cushioning property and/or necking resistance, etc. When the average fiber length is
excessively long, it is difficult to form a fiber web with a uniform basis weight, and
also, a large number of interlacements are developed at the time of forming the web, so
that fibers obstruct one another at the time of developing crimps, resulting in
insufficient strength, cushioning property and/or necking resistance, etc.

When potentially crimpable composite fibers are heat-treated, crimps are
developed (appear) to form fibers having substantially coil-shaped (helical or spiral
spring-shaped) three-dimensional crimps.

The number of crimps before heating (the number of mechanical crimps) is, for
example, 0 to 30/25 mm, preferably 1 to 25/25 mm, more preferably 5 to 20/25 mm.

The number of crimps after heating is, for example, greater than or equal to 30/25 mm
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(e.g., 30 to 200/25 mm), preferably 35 to 150/25 mm, more preferably 40 to 120/25
mm, or may be 45 to 120/25 mm (particularly 50 to 100/25 mm).

Potentially crimpable composite fibers included in the nonwoven fiber assembly
(second fiber assembly forming second fiber layer 22) are crimped by high-temperature
steam. Preferably, crimps of potentially crimpable composite fibers develop
substantially uniformly in the nonwoven fiber assembly.  Specifically, at the central
part (inner layer) of each of regions obtained by dividing the assembly into three equal
parts in the thickness direction in a cross-section in the thickness direction, the number
of fibers forming a coil crimp of at least one round is, for example, 5 to 50/5 mm
(length in the surface direction) x 0.2 mm (thickness), preferably 5 to 40/5 mm (length
in the surface direction) x 0.2 mm (thickness), more preferably 10 to 40/5 mm (length
in the surface direction) x 0.2 mm (thickness).

The uniformity of crimps in the nonwoven fiber assembly can also be evaluated
by, for example, the uniformity of fiber curving ratios in the thickness direction. The
fiber curving ratio is a ratio (L2/L1) of the fiber length (L2) to the distance (L1)
between both ends of a fiber (crimped fiber). The fiber curving ratio (particularly the
fiber curving ratio at the central region in the thickness direction) is, for example,
greater than or equal to 1.3 (e.g., 1.35 to 5), preferably 1.4 to 4 (e.g., 1.5 to 3.5), more
preferably 1.6 to 3 (particularly 1.8 to 2.5). The fiber curving ratio is measured on the
basis of an electron-microscopic photograph of a cross-section of the nonwoven fiber
assembly.  Thus, the fiber length (L2) is a fiber length when a two-dimensionally
crimped fiber appearing in an electron-microscopic photograph is extended into a
straight line (photographic fiber length) rather than a fiber length when a
three-dimensionally crimped fiber is extended into a straight line (true length).

When crimps are substantially uniformly developed in the nonwoven fiber
assembly, fiber curving ratios are also uniform.  The uniformity of fiber curving ratios
can be evaluated by, for example, comparison of the fiber curving ratios in regions
obtained by dividing the nonwoven fiber assembly into three equal parts in the

thickness direction in a cross-section of the nonwoven fiber assembly in the thickness
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direction. Specifically, the fiber curving ratios in regions obtained by dividing the
assembly into three equal parts in the thickness direction in a cross-section in the
thickness direction are each in the range as described above, the ratio of the minimum
value to the maximum value of the fiber curving ratio in each region (ratio of a region
with the fiber curving ratio being minimum to a region with the fiber curving ratio
being maximum) is, for example, greater than or equal to 75% (e.g., 75 to 100%),
preferably 80 to 99%, more preferably 82 to 98% (particularly 85 to 97%).

As a specific method for measuring the fiber curving ratio and the uniformity
thereof, a method is used in which a cross-section of the nonwoven fiber assembly is
electron-microphotographed, and the fiber curving ratio is measured for a region
selected from regions obtained by dividing the assembly into three equal parts in the
thickness direction. The region to be measured is a region of at least 2 mm in the
length direction for each of a surface layer (surface region), an inner layer (central
region) and a back layer (back region) which are obtained by dividing the assembly
into three equal parts. Regarding the thickness direction of the measurement regions,
the measurement regions are set so as to have the same thickness width near the center
of each layer. Further, the measurement regions are set in such a manner that the
measurement regions are mutually parallel in the thickness direction, and each include
at least 100 (preferably at least 300, more preferably about 500 to 1000) fiber pieces
capable of being measured for the fiber curving ratio.  After these measurement
regions are set, the fiber curving ratios of all fibers in the regions are measured, the
average value is calculated for each measurement region, and a region having the
maximum average value and a region having the minimum average value are then
compared to each other to calculate the uniformity of fiber curving ratios.

Crimped fibers forming the nonwoven fiber assembly have substantially
coil-shaped crimps after development of crimps.  The average curvature radius of
circles formed by the coils of the crimped fibers can be selected from a range of, for
example, about 10 to 250 pm, and is, for example, 20 to 200 um (e.g., 50 to 200 umy),
preferably 50 to 160 pum (e g., 60 to 150 pum), more preferably 70 to 130 um, and is
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usually about 20 to 150 um (e.g., 30 to 100 wm). The average curvature radius is an
index showing an average size of circles formed by the coils of crimped fibers, and in
the case where this value is large, the formed coil has a loose shape, i.e., a shape having
a small number of crimps. A small number of crimps is disadvantage in strength,
cushioning property, necking resistance and so on because the number of
interlacements of fibers also decreases. In the case where conversely, coil-shaped
crimps having an excessively small average curvature radius are developed, fibers are
not sufficiently interlaced, and thus it is difficult to secure the web strength.

In potentially crimpable composite fibers crimped in a coil shape, the average
pitch of the coils is, for example, 0.03 to 0.5 mm, preferably 0.03 to 0.3 mm, more
preferably 0.05 to 0.2 mm.

The ratio (mass ratio) between wet-heat-adhesive fibers and potentially
crimpable composite fibers (wet-heat-adhesive fibers/potentially crimpable composite
fibers) in the second fiber assembly forming second fiber layer 22 is 99/1 to 80/20,
preferably 95/5 to 80/20, more preferably 90/10 to 80/20. When the ratio of
wet-heat-adhesive fibers is in the range as described above, excellent water retainability,
mechanical strength, necking resistance and cushioning property can be imparted to
water absorbent laminate 200,

The second fiber assembly forming second fiber layer 22 may include fibers
other than wet-heat-adhesive fibers and potentially crimpable composite fibers.
Examples of the other fibers include regenerated fibers such as rayon fibers,
semi-synthetic fibers such as acetate fibers, polyolefin-based fibers such as
polypropylene and polyethylene fibers, polyester fibers and polyamide fibers. The
other fiber is preferably a fiber of the same kind as the potentially crimpable composite
fiber from the viewpoint of blending property etc., and for example, when the
potentially crimpable composite fiber is a polyester-based fiber, the other fiber can be a
polyester-based fiber.

Fibers forming the second fiber assembly may contain one or more additives as

necessary. Specific examples of the additive include colorants, heat stabilizers,
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ultraviolet absorbers, light stabilizers, antioxidants, fine particles, crystallization rate
retarders, antistatic agents, flame retardants, plasticizers and lubricants. The additive
may be carried on the surfaces of fibers, or contained in fibers.

Second fiber layer 22 can be a nonwoven fiber assembly obtained from a web
made of the above-mentioned fibers. Preferably, the arrangement state and the
bonding state of fibers forming the web of the nonwoven fiber assembly are properly
adjusted.  Specifically, it is preferable that in the nonwoven fiber assembly including
potentially crimpable composite fibers, wet-heat-adhesive fibers are fused at
intersections with crimped potentially crimpable composite fibers or other
wet-heat-adhesive fibers (i.e., intersections between wet-heat-adhesive fibers or
intersections between wet-heat-adhesive fibers and crimped potentially crimpable
composite fibers). Accordingly, second fiber layer 22 with a passage formed by
properly small gaps is formed. For retaining the form of the nonwoven fiber assembly
with the smallest possible number of contact points, it is preferable that the bonding
points are generally uniformly distributed from the vicinity of a surface to the inside of
the nonwoven fiber assembly, and more specifically, it is preferable that the bonding
points are uniformly distributed from a surface to the inside (center), and to the back
surface of the nonwoven fiber assembly along the surface direction and the thickness
direction (particularly in the thickness direction where it is difficult to obtain
uniformity). When bonding points are localized, for example, at the surface or the
inside, cushioning property and necking resistance are deteriorated, and form stability
is deteriorated at a part where the number of bonding points is small.

Specifically, the second fiber assembly forming second fiber layer 22 is
preferably a nonwoven fiber assembly in which fibers forming the second fiber
assembly are partially bonded and fixed by fusion of wet-heat-adhesive fibers, and it is
preferable that the fibers are bonded in a ratio less than or equal to 45% (e.g., 1 to 45%
or 110 30%) in terms of a fiber bonding rate by fusion of wet-heat-adhesive fibers.

The definition of the fiber bonding rate is as described above.  Since the fiber bonding

rate is Jow, good cushioning property can be obtained along with coil-shaped crimps of
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potentially crimpable composite fibers.

Regarding uniformity of fusion, 1t is preferable that in a cross-section of the
nonwoven fiber assembly in the thickness direction, the fiber bonding rate in each of
regions obtained by dividing the assembly into three equal parts in the thickness
direction is in the range as described above. The ratio of the minimum value to the
maximum value (minimum value/maximum value) of the fiber bonding rate in each
region is, for example, greater than or equal to 50% (e.g., 50 to 100%), preferably 55 to
99%, more preferably 60 to 98% (particularly 70 to 97%). When the fiber bonding
rate has such uniformity in the thickness direction, cushioning property etc. can be
improved while the form is retained even with a small number of fusion points.

For obtaining a nonwoven fiber assembly having water retainability and
cushioning property with a good balance, it is preferable that the bonding state of fibers
is properly adjusted by fusion of wet-heat-adhesive fibers, and potentially crimpable
composite fibers are crimped, whereby fibers neighboring or crossing one another are
interlaced at crimp coil parts. The nonwoven fiber assembly including potentially
crimpable fibers has such a structure that crimps of potentially crimpable composite
fibers are developed to change the shape of the fibers into a coil shape, and thus at
crimp coil parts, fibers neighboring or crossing one another (crimped fibers, or crimped
fibers and wet-heat-adhesive fibers) are interlaced to be restrained or locked.

Fibers forming the nonwoven fiber assembly (coil axis direction for coil-shaped
crimped fibers) may be arranged so as to cross one another while being arranged
generally parallel to a surface of the nonwoven fiber assembly.  The phrase “arranged
parallel to a surface of the nonwoven fiber assembly” refers to a state in which a part
where locally a large number of fibers are arranged along the thickness direction does
not repeatedly occur.  When there exist a large number of fibers oriented in the
thickness direction, these fibers form coil-shaped crimps, so that fibers are extremely
complicatedly interlaced, and resultantly, cushioning property tends to be deteriorated.

The porosity of second fiber layer 22 in water absorbent laminate 200 is

preferably greater than or equal to 70%, more preferably greater than or equal to 75%,
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still more preferably greater than or equal to 80% from the viewpoint of the water
retainability, cushioning property and so on of water absorbent laminate 200. The
porosity of second fiber layer 22 is usually less than or equal to 99%, more typically
less than or equal to 95%.

The basis weight, the apparent density and the thickness of second fiber layer
22 can be the same as those of second fiber layer 21 in Embodiment 1, and details
thereof are as described above.

Like second fiber layer 21 in Embodiment 1, the second fiber assembly as a
nonwoven fiber assembly forming second fiber layer 22 can be preferably produced by
a steam-jet method in which a fiber web is exposed to high-temperature and
high-pressure steam to be formed into a nonwoven fabric. In this case, fibers are
three-dimensionally bonded together by fusion of wet-heat-adhesive fibers, and fibers
are interlaced by development of crimps of potentially crimpable composite fibers.
Uniform fusion can be performed in the nonwoven fiber assembly, and uniform crimps
can be developed from a surface to the inside of the nonwoven fiber assembly.

The configuration, properties and vses, and production of water absorbent
laminate 200 can be the same as those of water absorbent laminate 100 in Embodiment
1, and details thereof are as described above.
<Embodiment 3>

Fig. 3 1s a sectional view schematically showing one example of a water
absorbent laminate according to this embodiment. A water absorbent laminate 300
shown in Fig. 3 has the same configuration as in Embodiment 1 except that second
fiber layer 21 is stacked on one side of first fiber layer 10 in the thickness direction
with a third fiber layer 30 interposed therebetween.  Thus, as long as the water
absorbent laminate of the present invention includes a first fiber layer and a second
fiber layer, a third fiber layer may be interposed between the first fiber layer and the
second fiber layer. Third fiber layer 30 is a layer made of a third fiber assembly, and
the third fiber assembly includes hydrophilic fibers (second hydrophilic fibers). By

interposing third fiber layer 30, the water retainability, tensile strength, cushioning
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property and so on of the water absorbent laminate can be further improved. In water
absorbent laminate 300, second fiber layer 22 used in Embodiment 2 can be used in
place of second fiber layer 21.

The hydrophilic fibers forming the third fiber assembly can be synthetic fibers,
natural fibers, regenerated fibers or the like. The hydrophilic fibers may be used
singly, or in combination of two or more kinds thereof.  As the hydrophilic fibers
(second hydrophilic fibers) forming the third fiber assembly, those that are the same as
hydrophilic fibers (first hydrophilic fibers) forming the first fiber assembly of first fiber
layer 10 can be used, and details thereof are as described above for the hydrophilic
fibers (first hydrophilic fibers). The second hydrophilic fiber and the first hydrophilic
fiber may be the same kind of fibers, or different kinds of fibers.

However, unlike the first hydrophilic fibers, the average fiber diameter of
second hydrophilic fibers is not necessarily preferably less than or equal to 10 pm, and
can be, for example, 0.1 to 20 um. The average fiber diameter is preferably 0.5 to 15
um for further improving water retainability, tensile strength, cushioning property and
SO on.

The third fiber assembly forming third fiber layer 30 may include fibers other
than hydrophilic fibers (e.g., hydrophobic fibers), but the content of hydrophilic fibers
is preferably high from the viewpoint of water absorbency. Specifically, the content
of hydrophilic fibers included in the third fiber assembly is preferably greater than or
equal to 70% by mass, more preferably greater than or equal to 80% by mass, still more
preferably greater than or equal to 90% by mass (e.g., 100% by mass). Examples of
the fiber other than hydrophilic fibers may include fibers made from a polyolefin-based
resin such as polyethylene or polypropylene, a polyester-based resin or a
polyurethane-based resin.

Fibers forming the third fiber assembly may contain one or more additives as
necessary.  Specific examples of the additive include colorants, heat stabilizers,
ultraviolet absorbers, light stabilizers, antioxidants, fine particles, crystallization rate

retarders, antistatic agents, flame retardants, plasticizers and lubricants. The additive
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may be carried on the surfaces of fibers, or contained in fibers.

The third fiber assembly forming third fiber layer 30 is preferably a nonwoven
fiber assembly, more preferably a spunlace nonwoven fiber assembly. By a spunlace
method, it is possible to easily form third fiber layer 30 that is flexible, and accordingly
capable of imparting excellent cushioning property, water retainability and tensile
strength to water absorbent laminate 300.

The porosity of third fiber layer 30 in water absorbent laminate 300 is
preferably greater than or equal to 80%, more preferably greater than or equal to 85%,
still more preferably greater than or equal to 90% from the viewpoint of cushioning
property, water retainability and so on.  The porosity of third fiber layer 30 is usually
less than or equal to 99%, more typically less than or equal to 97%.

The basis weight of third fiber layer 30 is, for example, 10 to 200 g/m’,
preferably 20 to 150 o/m?, more preferably 30 to 100 g/m’. Ttis advantageous in
terms of water retainability and permeability of absorbed water into second fiber layer
21 that the basis weight of third fiber layer 30 is in the range as described above.

The apparent density of third fiber layer 30 in water absorbent laminate 300 is
set in such a manner that the apparent density of the water absorbent laminate as a
whole is preferably less than or equal to 0.3 g/em’, more preferably less than or equal
to 0.25 g/enr’, still more preferably less than or equal to 0.2 g/em’ (e.g,, less than or
equal t0 0.15 g/cm®).  When the apparent density of third fiber layer 30 is excessively
large, permeability of absorbed water into second fiber layer 21 is easily reduced, and
the effect of improving cushioning property is hardly exhibited. ~The apparent density
of third fiber layer 30 is usually greater than or equal to 0.01 g/em®, more typically
greater than or equal to 0.1 g/em’.

The thickness of third fiber layer 30 in water absorbent laminate 300 is, for
example, 50 to 2000 pm, preferably greater than or equal to 100 um, more preferably
greater than or equal to 200 um.  When the thickness of third fiber layer 30 is
excessively small, the effect of improving water retainability, cushioning property and

tensile strength is hardly exhibited. The thickness of third fiber layer 30 is preferably
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less than or equal to 1500 pum, more preferably less than or equal to 1000 um from the
viewpoint of permeability of absorbed water into second fiber layer 21.

Preferably, third fiber layer 30 (third fiber assembly) can be produced by a
spunlace method in which fibers forming the third fiber assembly are formed into a
web, and interlaced by water flow interlacement. As a method for forming a web, a
common method, for example, a direct method such as a spunbond method or a
melt-blow method; a card method using melt-blown fibers, staple fibers or the like; or a
dry method such as an air-lay method can be used. Among these methods, a card
method using melt-blown fibers or staple fibers, particularly a card method using staple
fibers is commonly used. Examples of the web obtained using staple fibers include
random webs, semi-random webs, parallel webs and cross-lap webs.

The obtained fiber web is then subjected to a water flow interlacement
treatment to interlace constituent fibers, whereby the third fiber assembly can be
obtained. In the water flow interlacement treatment, for example, water flows injected
in a columnar shape at a high pressure from a nozzle plate, in which injection holes
with a diameter of 0.05 to 0.20 mm and an interval of about 0.30 to 1.50 mm are
arranged in one or two lines, are made to collide against a fiber web placed on a porous
support member, so that fibers forming the fiber web are three-dimensionally interlaced
to be united. In this treatment, a method is preferable in which the fiber web is placed
on a moving porous support member, and treated one or more times, for example, with
water flows with a water pressure of 1 to 15 MPa, preferably 2 to 12 MPa, more
preferably about 3 to 10 MPa.  Preferably, the injection holes are arranged in the form
of lines in a direction orthogonal to the traveling direction of the fiber web, and the
nozzle plate in which the injection holes are arranged is vibrated at the same intervals
as injection hole intervals in a direction forming a right angle with respect to the
traveling direction of the fiber web placed on the porous support member, so that water
flows uniformly collide against the fiber web. The porous support member on which
the fiber web is placed is not particularly limited as long as water flows can pass

through the fiber web, and examples of the porous support member include mesh
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screens such as wire nets, and perforated plates.  The distance between the injection
hole and the fiber web can be selected according to the water pressure, and 1s, for
example, about 1to 10 cm.

Water absorbent laminate 300 according to this embodiment has the same water
absorption rate (water absorption rate at the outer surface of first fiber layer 10) as that
of water absorbent laminate 100 according to the first embodiment. The apparent
density, water retention rate and longitudinal tensile strength in wetting, of water
absorbent laminate 300, can be each in the same range as that described for water
absorbent laminate 100. However, the basis weight and the thickness of water
absorbent laminate 300 may be larger than the basis weight and the thickness of water
absorbent laminate 100 because water absorbent laminate 300 inctudes third fiber layer
30.

The basis weight of water absorbent laminate 300 is, for example, 30 to 1500
g/m?, preferably 50 to 1000 g/m*, more preferably 100 to 600 o/m” (e.g., 200 to 304
g/m?). It is advantageous in terms of water retainability, permeability of absorbed
water into second fiber layer 21, necking resistance, cushioning property and so on that
the basis weight of water absorbent laminate 300 is in the range as described above.
The thickness of water absorbent laminate 300 is usually 100 to 4000 pm, preferably
500 to 2500 pm.

Water absorbent laminate 300 can be used in the same applications as those of
water absorbent laminate 100 according to the first embodiment.

The apparent density of the water absorbent laminate as a whole is preferably
set to be less than or equal to 0.6 g/cm'z‘, more preferably less than or equal to 0.5 g/cm3,
still more preferably less than or equal to 0.4 g/em’, particularly preferably less than or
equal to 0.35 g/cm’ (e.g., less than or equal to 0.3 g/cm’).  When the apparent density
of the water absorbent laminate as a whole is excessively large, the water retention rate
and water retention amount are reduced. The apparent density of the water absorbent
Jaminate as a whole is usually greater than or equal to 0.01 o/em’, more typically

greater than or equal to 0.1 glen.
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A method for producing water absorbent laminate 300 will now be described.
As with water absorbent laminate 100 according to the first embodiment, first fiber
layer 10 (first tiber assembly), third fiber layer 30 (third fiber assembly) and second
fiber layer 21 (second fiber assembly) are joined together (united) preferably by
interlacement of fibers, fusion of fibers or the like. Examples of the interlacement
method may include a spunlace method and a needle punching method, and examples
of the fusion method may include a steam-jet method. The steam-jet method is a
method that can be used in the case where at least one of the fiber layers to be joined
together include wet-heat-adhesive fibers. Since second fiber layer 21 includes
wet-heat-adhesive fibers, the steam-jet method can be applied to joining of at least
second fiber layer 21 with third fiber layer 30. In the case where hydrophilic fibers
forming at least one of the first fiber assembly and the third fiber assembly are
wet-heat-adhesive fibers such as, for example, an ethylene-vinyl alcohol-based
copolymer, the steam-jet method can also be applied to joining of first fiber layer 10
with third fiber layer 30.

According to the method for joining the layers together by interlacement of
fibers or fusion of fibers, high continuity among the gaps of first fiber layer 10, the
gaps of second fiber layer 21 and the gaps of third fiber layer 30 can be maintained, and
therefore high water retainability and high water absorbency can be achieved.

Specifically, water absorbent laminate 300 can be produced by a method
including, in the following order:

(1) a first step of joining first fiber layer 10 with third fiber layer 30 by
interlacement or fusion of fibers forming a first fiber assembly and fibers forming a
third fiber assembly; and

(2) a second step of joining second fiber layer 21 with third fiber layer 30 by
interlacement or fusion of fibers forming a second fiber assembly and fibers forming
the third fiber assembly.

Alternatively, water absorbent laminate 300 can be produced by a method

including, in the following order:
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(A) a first step of joining second fiber layer 21 with third fiber layer 30 by
interlacement or fusion of fibers forming a second fiber assembly and fibers forming a
third fiber assembly; and

(B) a second step of joining first fiber layer 10 with third fiber layer 30 by
interlacement or fusion of fibers forming a first fiber assembly and fibers forming the
third fiber assembly.
<Other Embodiments>

The water absorbent laminates according to the first to third embodiments can
be subjected to various kinds of modifications within the bounds of not hindering the
effect of the present invention. For example, the third fiber layer used in the third
embodiment may be stacked on one side in the thickness direction of the second fiber
layer (on a side opposite to the first fiber layer in the second fiber layer) in the first or
second embodiment. In this case, the water absorbent laminate has a layer structure of
first fiber layer/second fiber layer/third fiber layer. 1In such an embodiment, first fiber
layer 10 (first fiber assembly), second fiber layer 21 (second fiber assembly) and third
fiber layer 30 (third fiber assembly) are joined together (united) preferably by
interlacement of fibers, fusion of fibers or the like. By further stacking the third fiber
layer, water retainability, cushioning property and necking resistance can be further
improved as compared to the water absorbent laminate according to the first or second

embodiment.

EXAMPLES

Hereinafter, the present invention will be described further in detail by way of
examples, but the present invention is not limited to these examples. Physical
property values in the following examples and comparative examples were measured or
evaluated in accordance with the methods described below.

[1] Measurement of water absorption rate at surface of first fiber layer on side opposite
to second fiber layer

The water absorption rate at a surface of a first fiber layer on a side opposite to

a second fiber layer (the other surface of the first fiber layer in the thickness direction)
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was measured in accordance with the dropping method defined in Section 7.1.1 in
“Water Absorbency Test Method for Fiber Products” in JIS L. 1907.  Specifically, one
water droplet of 0.05 g/droplet was dropped using a burette from a height of 10 mm to
the first fiber layer of the obtained water absorbent laminate, and the time (seconds)
until elimination of mirror reflection by absorption of the water droplet was measured.
[2] Measurement of average fiber diameter of fibers forming first fiber layer

A specimen (5 cm (long) x 5 cm (wide)) was sampled from the obtained water
absorbent laminate, and a photograph of a central part on a surface of the specimen (a
part with a diagonal intersection as the center) was taken at a magnification of 1000
using a scanning electron microscope (SEM). With the central part (diagonal
intersection) in the obtained photograph as the center, a circle having a radius of 30 cm
was drawn on the photograph, 100 fibers were randomly selected from fibers within the
circle, the fiber diameter at the central part in the length direction or a part near the
central part was measured by a caliper for each of the selected fibers, and the average
thereof was calculated, and defined as an average fiber diameter (number average fiber
diameter (um)). The fibers were selected irrespective of whether the fibers within the
circle appearing in the photograph were fibers situated at the outermost surface of the
specimen, or fibers situated in the specimen.
[3] Measurement of average pore size of first fiber layer

Measurement was performed by a mercury intrusion method using a pore size
distribution apparatus (“AutoPore 1119420” manufactured by Shimadzu Corporation).
[4] Basis weight, thickness and apparent density of fiber layer or water absorbent

laminate

The basis weight and the thickness were measured in accordance with the
methods described in Sections 6.1 and 6.2 in “General Nonwoven Fabric Test Method”
in JIS L 1913, and the apparent density was determined by dividing the basis weight by
the thickness. The basis weight, the thickness and the apparent density of each of the
fiber layers (first to third fiber layers) forming the water absorbent laminate as shown

in the tables below are values before the layers are joined together to form the water
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absorbent laminate.
[S] Water retention rate and water retention amount of water absorbent laminate

The water retention rate was measured in accordance with the method described
in Section 6.9.2 in “General Nonwoven Fabric Test Method” in JISL 1913.
Specifically, three specimens each having a size of 100 mm x 100 mm square were
sampled, and the mass of each of the specimens (mass before immersion) was
measured. The specimens were then immersed in water for 15 minutes, then drawn
out, and suspended in air for 1 minute with one corner facing upward, so that the
surface was drained, and the mass of the specimens (mass after immersion) was
measured. For the three specimens, the water retention rate was calculated in
accordance with the following equation:

water retention rate (% by mass) = 100 x (mass after immersion - mass before
immersion)/mass before immersion,

and the average thereof was defined as the water retention rate of the water
absorbent laminate. The mass determined by subtracting the mass before immersion
from the mass after immersion was defined as the water retention amount (g).

[6] Necking resistance of water absorbent laminate (longitudinal tensile strength in
wetting)

Using a constant-speed extension-type tension tester (“AG-IS” manufactured by
Shimadzu Corporation), the longitudinal (MD) tensile strength (N/5cm) in wetting was
measured in accordance with the method described in Section 6.3.2 in “General
Nonwoven Fabric Test Method” in JIS L 1913, The temperature of water in which
the specimen was immersed was 20°C.
<Example 1>
(1) Production of first fiber assembly forming first fiber layer

A melt-blown nonwoven fabric sheet (first fiber assembly, average fiber
diameter: 3.67 pum, average pore size: 19.9 um, basis weight: 50.2 o/m’, thickness: 0.38
mm, apparent density: 0.13 g/cm’) made of polyamide-based resin (nylon 6) fibers was

produced using melt-blow production equipment. ~ Specifically, melt-blow spinning

_ 49 _



10

15

20

CA 02952550 2016-12-15

9150392W001

was performed under the condition of a spinning temperature of 280°C, an air
temperature of 290°C, an air pressure of 0.4 MPa and a single hole discharge amount of
0.3 g/hole*minute using a nozzle having 1300 holes per 1 m at a pitch of 0.8 mm, with
each hole having a diameter of 0.3 mm, and fibers were collected with a rotating net
conveyor as a support, thereby obtaining a melt-blown nonwoven fabric sheet.
(2) Production of third fiber assembly forming third fiber layer

A semi-random web made of “SOFISTA” manufactured by KURARAY CO.,
LTD. (SOFISTA 1; for details, see {c] in the detailed description of abbreviations
below) and having a basis weight of about 50 g/m* was produced. The card web was
placed on a punching drum support having an aperture ratio of 25% and a hole diameter
of 0.3 mm, and continuously transferred in the long direction at a speed of 5 m/minute,
and simultaneously, high-pressure water flows were injected from above to perform an
interlacement treatment, thereby producing an interlaced nonwoven fiber assembly
(third fiber assembly, basis weight: 52.3 g/m®, thickness: 0.61 mm, apparent density:
0.09 g/cm’). In the interlacement treatment, three nozzles (distance between
neighboring nozzles: 20 cm) each having orifices provided at intervals of 0.6 mm along
the width direction of the web, with each orifice having a hole diameter of 10 mm were
used. The water pressure of high-pressure water flows injected from the nozzle in the
first line was 3.0 MPa, the water pressure of high-pressure water flows injected from
the nozzle in the second hine was 5.0 MPa, and the water pressure of high-pressure
water flows injected from the nozzle in the third line was 10.0 MPa.
(3) Joining of first fiber assembly with third fiber assembly

The melt-blown nonwoven fabric sheet (first fiber assembly) produced in (1)
was wound off, and superimposed on the third fiber assembly produced in (2), the
resultant laminate was placed on a flat support having fine meshes over the entire part,
and continuously transferred, and high-pressure water flows were injected to perform
an interlacement treatment. By the interlacement treatment, fibers forming two
nonwoven fiber assemblies were interlaced, and combined and united to obtain a

composite nonwoven fabric. In the interlacement treatment, three nozzles (distance
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between neighboring nozzles: 20 cm) each having orifices provided at intervals of 0.6
mm along the width direction of the web, with each orifice having a hole diameter of
0.10 mm were used. The water pressure of high-pressure water flows injected from
the nozzle in the first line was 3.0 MPa, the water pressure of high-pressure water flows
injected from the nozzle in the second line was 5.0 MPa, and the water pressure of
high-pressure water flows injected from the nozzle in the third line was 10.0 MPa.
(4) Production of second fiber assembly forming second fiber layer, and production of
water absorbent laminate

The composite nonwoven fabric produced in (3) was placed on a semi-random
web made of “SOFISTA” manufactured by KURARAY CO., LTD. (SOFISTA 2; for
details, see [d] in the detailed description of abbreviations below) and having a basis
weight of about 100 g/m?, so that a laminated sheet was produced. The laminated
sheet was transferred between an upper belt conveyor and a lower belt conveyor which
were each equipped with a 500 mm-wide stainless endless net of 50 mesh and which
rotated at the same speed in the same direction. The laminated sheet was introduced
into a steam injection apparatus provided in the upper belt conveyor, and
high-temperature steam with a pressure of 0.2 MPa was injected from the apparatus to
perform a steam treatment, thereby obtaining a water absorbent laminate. The
injection direction of the high-temperature steam was parallel to the thickness direction
of the laminated sheet. The steam injection apparatus included steam injection
nozzles each having a hole diameter of 0.3 mm, the nozzles being arranged in one line
at a pitch of 1 mm along the width direction of the conveyor. The distance between
the upper belt conveyor and the lower belt conveyor was 1.5 mm. The nozzles were
disposed on the back side of the conveyor belt in such a manner that the nozzles were
almost in contact with the belt.
<Examples 2 to 10 and 12>

Except that the materials of the first to third fiber layers and other
configurations were set as shown in Table 1 and Table 2, the same procedure as in

Example 1 was carried out to produce a water absorbent laminate having a three-layer
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structure. In Examples 6 to 10, the third fiber layer is composed of a third fiber
assembly including two kinds of fibers, and the mass ratio between the two kinds of
fibers is 50/50 in each of these examples.
<Example 11>
(1) Production of first fiber assembly forming first fiber layer

A melt-blown nonwoven fabric sheet (first fiber assembly) made of
polyamide-based resin (nylon 6) fibers was produced in the same manner as in (1) in
Example 1.
(2) Production of second fiber assembly forming second fiber layer

A semi-random web made of “SOFISTA” (SOFISTA 2) manufactured by
KURARAY CO., LTD. and having a basis weight of about 100 g/m* was produced.
The card web was transferred between an upper belt conveyor and a lower belt
conveyor which were each equipped with a 500 mm-wide stainless endless net of 50
mesh and which rotated at the same speed in the same direction. The web was
introduced into a steam injection apparatus provided in the upper belt conveyor, and
high-temperature steam with a pressure of 0.2 MPa was injected from the apparatus to
perform a steam treatment, thereby obtaining a second fiber assembly. The injection
direction of the high-temperature steam was parallel to the thickness direction of the
second fiber assembly. The steam injection apparatus included steam injection
nozzles each having a hole diameter of 0.3 mm, the nozzles being arranged in one line
at a pitch of 1 mm along the width direction of the conveyor.  The distance between
the upper belt conveyor and the lower belt conveyor was 1.5 mm. The nozzles were
disposed on the back side of the conveyor belt in such a manner that the nozzles were
almost in contact with the belt.
(3) Production of Water Absorbent Laminate

The melt-blown nonwoven fabric sheet (first fiber assembly) produced in (1)
was wound off, and superimposed on the second fiber assembly produced in (2), the
resultant laminate was placed on a flat support having fine meshes over the entire part,

and continuously transferred, and high-pressure water flows were injected to perform
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an interlacement treatment. By the interlacement treatment, fibers forming two
nonwoven fiber assemblies were interlaced, and combined and united to obtain a water
absorbent laminate. In the interlacement treatment, three nozzles (distance between
neighboring nozzles: 20 cm) each having orifices provided at intervals of 0.6 mm along
the width direction of the web, with each orifice having a hole diameter of 0.10 mm
were used. The water pressure of high-pressure water flows injected from the nozzle
in the first line was 3.0 MPa, the water pressure of high-pressure water flows injected
from the nozzle in the second line was 5.0 MPa, and the water pressure of
high-pressure water flows injected from the nozzle in the third line was 10.0 MPa. -
<Example 13>
(1) Production of first fiber assembly forming first fiber layer

A semi-random web made of “SOFISTA” (SOFISTA 1) manufactured by
KURARAY CO., LTD. and having a basis weight of about 50 g/m* was produced.
The card web was placed on a punching drum support having an aperture ratio of 25%
and a hole diameter of 0.3 mm, and continuously transferred in the long direction at a
speed of 5 m/minute, and simultaneously, high-pressure water flows were injected from
above to perform an interlacement treatment, thereby producing an interlaced
nonwoven fiber assembly (first fiber assembly, average fiber diameter: 11.00 pum,
average pore size: 59.0 um, basis weight: 52.3 g/m’, thickness: 0.61 mm, apparent
density: 0.09 g/em’). In the interlacement treatment, three nozzles (distance between
neighboring nozzles: 20 cm) each having orifices provided at intervals of 0.6 mm along
the width direction of the web, with each orifice having a hole diameter of 10 mm were
used. The water pressure of high-pressure water flows injected from the nozzle in the
first line was 3.0 MPa, the water pressure of high-pressure water flows injected from
the nozzle in the second line was 5.0 MPa, and the water pressure of high-pressure
water flows injected from the nozzle in the third line was 10.0 MPa.
(2) Production of second fiber assembly forming second fiber layer

A semi-random web made of “SOFISTA” (SOFISTA 2) manufactured by
KURARAY CO., LTD. and having a basis weight of about 100 g/m” was produced.
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The card web was transferred between an upper belt conveyor and a lower belt
conveyor which were each equipped with a 500 mm-wide stainless endless net of 50
mesh and which rotated at the same speed in the same direction. The web was
introduced into a steam injection apparatus provided in the upper belt conveyor, and
high-temperature steam with a pressure of 0.2 MPa was injected from the apparatus to
perform a steam treatment, thereby obtaining a second fiber assembly. The injection
direction of the high-temperature steam was parallel to the thickness direction of the
second fiber assembly. The steam injection apparatus included steam injection
nozzles each having a hole diameter of 0.3 mm, the nozzles being arranged in one line
at a pitch of 1 mm along the width direction of the conveyor. The distance between
the upper belt conveyor and the lower belt conveyor was 1.5 mm. The nozzles were
disposed on the back side of the conveyor belt in such a manner that the nozzles were
almost in contact with the belt.
(3) Production of Water Absorbent Laminate

The first fiber assembly produced in (1) was wound off, and superimposed on
the second fiber assembly produced in (2), the resultant laminate was placed on a flat
support having fine meshes over the entire part, and continuously transferred, and
high-pressure water flows were injected to perform an interlacement treatment. By
the interlacement treatment, fibers forming two nonwoven fiber assemblies were
interlaced, and combined and united to obtain a water absorbent laminate. In the
interlacement treatment, three nozzles (distance between neighboring nozzles: 20 cm)
each having orifices provided at intervals of 0.6 mm along the width direction of the
web, with each orifice having a hole diameter of 0.10 mm were used. The water
pressure of high-pressure water flows injected from the nozzle in the first line was 3.0
MPa, the water pressure of high-pressure water flows injected from the nozzle in the
second line was 5.0 MPa, and the water pressure of high-pressure water flows injected
from the nozzle in the third line was 10.0 MPa.
<Example 14>

(1) Production of first fiber assembly forming tirst fiber layer

- 54 -



10

15

20

25

CA 02952550 2016-12-15

9150392WO001

A melt-blown nonwoven fabric sheet (first fiber assembly) made of
polyamide-based resin (nylon 6) fibers was produced in the same manner as in (1) in
Example 1.

(2) Production of third fiber assembly forming third fiber layer

A third fiber assembly as a water flow-interlaced nonwoven fiber assembly
made of SOFISTA 1 was produced in the same manner as in (2) in Example 1.

(3) Joining of first fiber assembly with third fiber assembly

A composite nonwoven fabric formed by combining and uniting a first fiber
assembly and a third fiber assembly was obtained in the same manner as in (3) in
Example 1.

(4) Production of second fiber assembly forming second fiber layer, and production of
water absorbent laminate

In the same manner as in (4) in the example except that the distance between the
upper belt conveyor and the lower belt conveyor was 1.0 mm, a second fiber assembly
was joined to a composite nonwoven fabric to produce a water absorbent laminate.
<Example 15>

In the same manner as in (4) in the example except that the distance between the
upper belt conveyor and the lower belt conveyor was 2.5 mm, a water absorbent
laminate was produced.
<Comparative Examples 1 to 3>

Except that the materials of the first to third fiber layers and other
configurations were set as shown in Table 3, the same procedure as in Example 1 was
carried out to produce a water absorbent laminate having a three-layer structure.
<Comparative Examples 4 to 7>

The nonwoven fabric of Comparative Example 4 is the melt-blown nonwoven
tabric sheet used in the first fiber layer forming the water absorbent laminate described
in Example 1. The nonwoven fabric of Comparative Example 5 is the spunlace
nonwoven fabric used in the third fiber layer forming the water absorbent laminate

described in Example 1. The nonwoven fabric of Comparative Example 6 is the
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steam-jet nonwoven fabric used in the second fiber layer forming the water absorbent
laminate described in Example 1. The nonwoven fabric of Comparative Example 7 is
a spunlace nonwoven fabric made of layered lamination cross-section split fibers made
from nylon 6 and polyethylene terephthalate (for details, see [k] in the detailed

description of abbreviations below).



CA 02952550 2016-12-15

9150392W001
[Table 1]
Example {Example [Example |Example [Example [Example Example  [Example
1 2 3 4 5 6 7 8
Material Ny Ny Ny Ny EVOH Ny Ny Ny
Production MB MB MB MB MB MB MB MB
method
Average tiber
diameter 3.67 3.67 3.67 3.67 6.00 3.67 3.67 3.67
(um)
First fiber |Average pore size |, 19.9 199 19.9 23.0 19.0 18.8 188
layer (um) ) ) ) ) ) ) :
Basis weight 155, 50.2 50.2 50.2 498 50.2 50.2 50.2
(g/m®)
Thickness 0.38 038 0.38 0.38 0.45 038 038 0.38
(mm)
Apparent density , 5 0.13 0.13 0.13 011 0.13 0.13 0.13
(g/em’)
Material SOFISTA |SOFISTA |SOFISTA [SOFISTA [SOFISTA |SOFISTA 1/ |Rayon/ PET/
1 2 3 4 1 SOFISTA 2 |SOFISTA 2 [SOFISTA 2
Production SL SL SL SL SL SL SL SL
method
Third ~Basis weight ) 5 510 50.8 50.1 523 495 487 513
fiber layer |[(g/m°)
Thickness 0.61 0.58 0.59 0.58 0.61 0.62 0.55 0.60
(mm)
Apparent density |, o 0.09 0.09 0.09 0.09 0.08 0.09 0.09
(g/cm’)
. SOFISTA |SOFISTA [SOFISTA |SOFISTA |SOFISTA [SOFISTA |SOFISTA |SOFISTA
Material
2 2 2 2 2 2 2 2
Production S s 8 sJ sJ S3 S3 sJ
method
Second |Basis weight 102.9 102.9 102.9 102.9 102.9 102.9 102.9 102.9
fiber layer |(g'/m°)
Thickness 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
(mm)
Appurscnl density 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
(g/cm’)
Water absorption b 56 305 351 5.53 1.45 2.40 1.70 2.81
rate (seconds)
Water retention
rate 411 336 326 440 163 398 422 317
(%)
Water retention
amount 8.72 7.13 6.75 10.43 9.74 8.40 8.79 6.56
Water (®
absorbent Tensile strength
laminate |-, S0 g4 2803 2483 161.7 180.1 230.2 241.1 2273
(N/5cm)
Basis weight 212.2 2123 207.2 237.0 2103 211.1 2083 207.0
(g/m°)
Thickness 1.09 0.94 0.90 1.13 1.10 1.01 0.99 1.07
(mm)
Apparent density |, | 0.23 0.23 0.21 0.19 0.21 0.21 0.19
(g/em’)
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[Table 2]
Example 9 Example 10 [Example 11 [Example 12 |Example 13 |Example 14 |Example 15
Material Ny Ny Ny Ny SOFISTA 1 |Ny Ny
Production MB MB MB MB SL MB MB
method
Average fiber |, 3.67 3.67 3.67 11.00 3.67 3.67
diameter (um)
First fiber |- Crage pore size|) g o 199 199 19.9 59.0 199 199
o (on)
ver Basis weight
as1s werg 50.2 50.2 50.2 50.2 523 502 50.2
(g/m’)
Thickness 038 038 0.38 038 0.61 038 038
(mm)
Apparent density £, , 5 0.13 0.13 0.13 0.09 0.13 0.13
(g/on)
. Rayon/ PET/ -
Material SORSTA 1 lsorsTal I Rayon - SOFISTA 1 [SOFISTA 1
Production SI SL _ SL } SL SL
method .
Third fiber| Basis weight o, o 495 3 483 . 523 523
layer (g/m")
Thickness 0.50 0.63 . 0.42 : 0.61 0.61
(mm)
Apparent densily
(o 0.11 0.08 0.12 09 0.09
Material SOFISTA 2 |SOFISTA2 |SOFISTA2 |SOFISTA 2 |SOFISTA2 |SOFISTA?2 |SOFISTA 2
Production S s S sJ s sJ sJ
method
Second | DRSIS weight 102.9 1029 102.9 102.9 102.9 1029 102.9
o ((8/MT)
fiber layer Thickn
nexness 0.60 0.60 0.60 0.60 0.60 0.60 0.60
{mm)
Apparent density £, 0.17 0.17 0.17 0.17 0.17 0.17
(g/cm)
Water absorption |, ,, 254 310 131 0.62 220 224
rate (seconds) .
Water retention
rate 468 403 301 480 273 258 450
%)
Water retention
amount 9.69 8.46 4.52 9.23 4.06 572 9.23
Water
(8)
absorbent Tensile strength
laminate ; £ bora 181.5 180.1 201.1 178.5 230.1 1753
(N/5cm)
Basis weight 207.1 210.0 150.1 192.2 148.8 221.7 205.1
(gm)
Thickness 1.03 1.08 0.83 0.92 0.76 0.60 2.19
(mm)
Apparent density
A Y o.20 0.19 0.18 021 0.20 0.37 0.09
(g/cm’)
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[Table 3]
Comparative |Comparative |Comparative |[Comparative [Comparative [Comparative |Comparative
Example 1 {Example 2 |Example3 |[Exampled4 [Example5 |Example 6 IExample7
Material PP PBT Ny Ny SOFISTA 1 [SOFISTA 2 [Split fibers
Production MB MB MB SL sI SL
method
Average fiber
diameter 2.81 5.11 3.67 3.67 11.00 11.00 4.20
(um)
Average pore
First fiber [size 16.3 19.9 199 19.9 59.0 65.2 26.2
layer (pm)
Basis weight 15 | 50.3 502 50.2 523 102.9 485
(g/m’)
Thickness 0.34 0.35 0.38 038 0.61 0.60 034
{mm)
Apparent
density 0.15 0.14 0.13 0.13 0.09 0.17 0.14
(g/cm3)
Material SOFISTA 1 [SOFISTA1 |PET - - - -
Production
method SL SL SL - - - -
Basis weight
) - - - .
Third fiber|(g/m?) 52.3 523 50.1
layer | Thickness 0.61 0.61 0.62 - . . -
(mm)
Apparent
density 0.09 0.09 0.09 - - - -
(g/em’)
Material SOFISTA 2 |[SOFISTA2 {SOFISTA2 |- - - -
Production . .
method SJ SJ SJ - - - -
Basis weight . ] . }
Second  |(g/m?) 102.9 102.9 102.9 - - -
fiber lay i
iber layer | Thickness .60 0.60 0.60 i ) ) A
(mm)
Apparent
density 0.17 0.17 0.17 - - - -
3
(glem’)
Water
absorption rate  |20.30 32.10 13.80 2.30 0.62 0.40 1.25
(seconds)
Water retention
rate 298 280 313 5373 1001 89 637
(%)
Water retention
Wate amount 5.99 3.57 6.36 2.96 5.84 0.92 3.09
.
absorbent '(l%)]s']*ﬁtrﬂ h
jaminate | -onstle strength 1,0 4 173.9 185.5 50.1 1522 2134 490
(N/5cm)
Basis weight [, | 198.8 2033 51.7 58.3 102.9 48.5
(g/m~)
Thickness 1.03 1.02 1.00 0.29 0.70 0.60 0.34
(mm)
Apparent
densil')" (.20 0.19 0.20 0.18 0.08 0.17 0.14
(g,’cmj)

Details of abbreviations shown in Tables 1 to 3 are as follows.
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[a] Ny: nylon 6 that is a polyamide-based resin

[b] EVOH: ethylene-vinyl alcohol copolymer [ethylene content: 44 mol%,
saponification degree: 98.4%]

[c] SOFISTA 1: high-melting-point-type core-sheath-type composite staple
fibers including polyethylene terephthalate as a core part and an ethylene-vinyl alcohol
copolymer (ethylene content: 44 mol%, saponification degree: 98.4%) as a sheath part
[’SOFISTA” manufactured by KURARAY CO., LTD, average fineness: 1.7 dtex,
average fiber diameter: 11 nm, average fiber length: 51 mm, core-sheath mass ratio:
50/50, circular cross-section, core part diameter: 8.9 pm]

[d] SOFISTA 2: low-melting-point-type core-sheath-type composite staple
fibers including polyethylene terephthalate as a core part and an ethylene-vinyl alcohol
copolymer (ethylene content: 44 mol%, saponification degree: 98.4%) as a sheath part
[’SOFISTA” manufactured by KURARAY CO., LTD, average fineness: 1.7 dtex,
average fiber diameter: 11 um, average fiber length: 51 mm, core-sheath mass ratio:
50/50, circular cross-section, core part diameter: 8.9 um]

[e] SOFISTA 3: low-melting-point-type core-sheath-type composite staple
fibers including polyethylene terephthalate as a core part and an ethylene-vinyl alcohol
copolymer (ethylene content: 44 mol%, saponification degree: 98.4%) as a sheath part
[’SOFISTA” manufactured by KURARAY CO., LTD, average fineness: 3.3 dtex,
average fiber length: 51 mm, core-sheath mass ratio: 50/50, circular cross-section, core
part diameter: 12.5 um)

[f] SOFISTA 4: low-melting-point-type core-sheath-type composite staple
fibers including polypropylene as a core part and an ethylene-vinyl alcohol copolymer
(ethylene content: 44 mol%, saponification degree: 98 4%) as a sheath part
["SOFISTA” manufactured by KURARAY CO., LTD, average fineness: 1.7 dtex,
average fiber length: 51 mm, core-sheath mass ratio: 50/50, circular cross-section, core
part diameter: 8.9 um]

[g] Rayon: rayon fibers ["THOPE” manufactured by Omikenshi Co., Ltd.,

average fiber diameter: 12 um, average fiber length: 40 mm]
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[h] PET: polyethylene terephthalate fibers [manufactured by Toray Industries,
Inc., average fiber diameter: 12 pm, average fiber length: 51 mm]

[1] PP: polypropylene resin [MFR (230°C, 2.16 kg) = 1100 g/10 minutes]

[} PBT: polybutylene terephthalate resin [MFR (235°C, 2.16 kg) = 90 g/10
minutes]

[k] Split fibers: layered lamination cross-section split fibers made from nylon 6
and polyethylene terephthalate ["WRAMP” manufactured by KURARAY CO., LTD,
3.8 dtex, average fiber diameter: 23.0 um, average fiber length: 51 mm, mass ratio of
nylon 6 to polyethylene terephthalate: 33/67]

[I] MB: melt-blow method

[m] SL: spunlace method

[n] SJ: steam-jet method
REFERENCE SIGNS LIST

10 First fiber layer, 21, 22 Second fiber layer, 30 Third fiber layer, 100, 200,

300 Water absorbent laminate
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CLAIMS

1. A water absorbent laminate comprising:

a first fiber layer including a first fiber assembly including first hydrophilic
fibers; and

a second fiber layer including a second fiber assembly including
wet-heat-adhesive fibers in an amount greater than or equal to 80% by mass, wherein

a surface of the first fiber layer on a side opposite to the second fiber layer has a
water absorption rate less than or equal to 10 seconds as determined in accordance with
the dropping method defined in JIS L 1907,

wherein said first fiber assembly is a nonwoven fiber assembly of said first
hydrophilic fibers having an average fiber diameter less than or equal to 10 mm,

wherein the measurement of the average fiber diameter of fibers forming the
first fiber layer is as follows: a specimen which is 5 cm long and 3 5 cm wide is
sampled from the water absorbent laminate; a photograph of a central part on a surface
of the specimen which is a part with a diagonal intersection as the center is taken at a
magnification of 1000 using a scanning electron microscope; with the central part
which is a diagonal intersection in the obtained photograph as the center, a circle
having a radius of 30 cm is drawn on the photograph; 100 fibers are randomly selected
from fibers within the circle; the fiber diameter at the central part in the length direction
or a part near the central part is measured by a caliper for cach of the selected fibers;

and the average thereof is calculated.

2. The water absorbent laminate according to claim 1, wherein said first fiber

layer has an average pore size of 0.5 to 50 pum, and
wherein measurement of the average pore size is performed by a mercury

mtrusion method using a pore size distribution apparatus.

3. The water absorbent laminate according to claim 1 or 2, wherein said first

fiber assembly is a melt-blown nonwoven fiber assembly.
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4. The water absorbent laminate according to any one of claims 1 to 3,

wherein said first hydrophilic fibers include a polyamide-based resin.

5. The water absorbent laminate according to any one of claims 1 to 4, further
comprising a third fiber layer include a third fiber assembly including second
hydrophilic fibers, the third fiber layer being interposed between said first fiber layer

and said second fiber layer.

6. The water absorbent laminate according to any one of claims 1 to 5, having
a tensile strength in a longitudinal direction in a wetted state greater than or equal to

160 N/5 cm as determined in accordance with JIS L 1913.

7. The water absorbent laminate according to any one of claims 1 to 6, being

used for removing abrasive grains and water from a surface of an object.

8. A method for producing the water absorbent laminate according to claim 5,
the method comprising:

a first step of joining said first fiber layer with said third fiber layer by
interlacement or fusion of fibers forming said first fiber assembly and fibers forming
said third fiber assembly, or joining said second fiber layer with said third fiber layer
by interlacement or fusion of fibers forming said second fiber assembly and fibers
forming said third fiber assembly; and

a second step of joining said second fiber layer with said third fiber layer by
interlacement or fusion of fibers forming said second fiber assembly and fibers forming
said third fiber assembly when said first fiber layer and said third fiber layer are joined
together in said first step, and joining said first fiber layer with said third fiber layer by
mterlacement or fusion of fibers forming said first fiber assembly and fibers forming
said third fiber assembly when said second fiber layer and said third fiber layer are
joined together in said first step,

the interlacement or fusion in both said first step and said second step being

performed by a spunlace method, a steam-jet method or a needle punching method.
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