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DESCRIPTION
METHOD FOR PRODUCING NON-WOVEN FABRIC
TECHNICAL FIELD

[0001]
The present disclosure relates to a method for
producing bulky non-woven fabric.
BACKGROUND ART

{0002]

A method for producing bulky paper is known in the
prior art that comprises depositing fibers on a fiber
sheet forming belt by supplying a fiber suspension
containing a wet strength agent to a fiber sheet forming
belt from a papermaking raw material supply head, forming
a fiber sheet while in the wet state, and making the
moisture content of the fiber sheet to . be 50% by weight
to 85% by weight based on the weight of the fiber sheet
by dehydrating the fiber sheet using a suction box,
followed by imparting a prescribed pattern to the fiber
sheet by pressing the fiber sheet against a perforated
pattern structure by suction and then drying the fiber
sheet (see, for example, Patent Literature 1). According
to this method for producing bulky paper, bulky paper
having ample bulk and absorbency can be obtained.
[Citation List]

[Patent Literature]
[0003]

[Patent Literature 1] Japanese Unexamined Patent

Publication No. 2000-34690

SUMMARY OF THE INVENTION
[Technical Problem]
[0004]

However, in the method for producing bulky paper as

described in Patent Literature 1, since a prescribed
pattern is formed in a fiber sheet having an extremely
high moisture content of 50% by weight to 85% by weight,
there are cases in which a considerable amount of energy

is required to dry the fiber sheet in a drying step after
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having formed the pattern in the fiber sheet. 1In this
case, it is necessary to increase the equipment scale of
drying equipment used in the drying step.

[0005]

In order to solve the aforementioned problem, an
object of the present invention is to provide a method
for producing non-woven fabric that is bulky and
flexible. | |
{Solution to Problem]

[0006]

The present invention employs the following
configuration to solve the aforementioned problem.

Namely, the method for producing non-woven fabric of
the present invention comprises a step for forming a
fiber sheet on a support a step for forming regions where
the moisture content is increased to a moisture content
higher than the moisture content of the fiber sheet, and
a step for spraying high-pressure steam onto the regions.
of the fiber sheet where moisture content is increased.

In the step for forming a fiber sheet the fiber
sheet may be formed by supplying a papermaking raw
material containing moisture to the support, wherein
there may be further provided a step for drying the fiber
sheet, and wherein in the step for forming regions where
the moisture content is increased, the moisture content
may be increased to a moisture content higher than the
moisture content of the fiber sheet that has been dried
by the step for drying the fiber sheet in a portion of
the fiber sheet dried by the step for drying the fiber
sheet.

In the step for forming a fiber sheet the fiber
sheet may be formed by supplying a web to the support,
and wherein in the step for forming regions where the
moisture content is increased, the moisture content may
be increased to a moisture content that is higher than
the moisture content of the fiber sheet in a portion of
the fiber sheet.
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[Advantageous Effects of the Invention]
[0007]

According to the present invention, the need for a
large amount of energy for drying after having formed a
prescribed pattern in a fiber sheet can be eliminated.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is a drawing for explaining a non-woven
fabric production device used in the method for producing
non-woven fabric in an embodiment of the present
invention.

FIG. 2 is a drawing showing an example of a high-
pressure water nozzle of a non-woven fabric production
device used in the method for producing non-woven fabric
in an embodiment of the present invention.

FIG. 3 is a drawing for explaining the principle by
which individual fibers of a fiber sheet are entangled by
a high-pressure water stream.

FIG. 4 is a drawing showing an example. of the
arrangement of holes in a high-pressure water nozzle of a
non-woven fabric production device used in the method for
producing non-woven fabric in an embodiment of the
present invention.

FIG. 5 is a widthwise cross-sectional view of a
fiber sheet sprayed with high-pressure water.

FIG. 6 is a drawing showing an example of spraying
by a non-woven fabric production device used in the
method for producing non-woven fabric in an embodiment of
the present invention.

FIG. 7 is a drawing showing an example of a steam
nozzle of a non-woven fabric production device used in
the method for producing non-woven fabric in an
embodiment of the present invention.

FIG. 8 is a drawing for explaining the principle by
which fibers of a fiber sheet are loosened and the bulk

of a fiber sheet is increased by high-pressure steam.
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FIG. 9 is a widthwise cross-sectional view of a
fiber sheet sprayed with high-pressure steam.

FIG. 10 is a drawing showing an example of the
arrangement of holes in a steam nozzle of a non-woven
fabric production device used in the method for‘producing
non-woven fabric in an embodiment of the present |
invention.

FIG. 11 is‘a drawing showing an example of a fiber
sheet produced using a sprayer capable of intermittently
releasing water or an agueous solution.

FIG. 12 is a drawing for explaining a variation of a
method for forming regions where moisture content is
increased in the method for producing non-woven fabric in
an embodiment of the present invention.

FIG. 13 is a drawing for explaining a variation of a
method for forming regions where moisture content is
increased in the method for producing non-woven fabric in
an embodiment of the present invention.

FIG. 14 is a drawing for explaining a variation of a
non-woven fabric production device used in the method for
producing non-woven fabric in an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0009]

The following providés a more detailed explanation
of the method for producing non-woven fabric of an
embodiment of the present invention with reference to the
drawings. FIG. 1 is a drawing for explaining a non-woven
fabric production device 1 used in the method for
producing non-woven fabric in an embodiment of the
present invention.

[0010]

First, a papermaking raw material that contains
moisture such as a fiber suspension may be prepared.
Short fibers having a fiber length of 20 mm or less are
preferably used for the fibers used in the papermaking

raw material. Examples of such short fibers include
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chemical pulp of a coniferous tree or broad-leaved tree,
wood pulp such as semi-chemical pulp or mechanical pulp,
mercerized pulp and crosslinked pulp obtained by
chemically treating these wood pulps, non-woody fibers
such as hemp or cotton fibers, cellulose fibers in the
manner of recycled fibers such as rayon fibers, and
synthetic fibers in the manner of polyethylene fibers,
polypropylene fibers, polyester fibers or polyamide
fibers. The fibers used in the papermaking raw material
are particularly preferably wood pulp, non-wood pulp or
cellulose fibers such as rayon fibers.

[0011]

The papermaking raw material is preferably supplied
to a fiber sheet forming belt of a fiber sheet forming
conveyor 16 by a raw material supply head 11, and
deposited on the fiber sheet forming belt. The fiber
sheet forming belt is preferably a support having gas
permeability that allows air to pass there through.  For
example, a wire mesh or blanket can be used for the fiber
sheet forming belt.

[0012]

After being deposited on the fiber sheet forming
belt, the papermaking raw material is suitably
dehydrated, preferably by suction boxes 15 to form a
fiber sheet 24.

It should be noted that instead of forming the fiber
sheet 24 in the steps above (by a wet method), the fiber
sheet 24 may be produced (by a dry method) by supplying a
web to the fiber sheet forming belt.

The fiber sheet 24 preferably passes between two
high-pressure water nozzles 12 arranged above the fiber
sheet forming belt, and two suction boxes 15 arranged at
locations opposing the high-pressure water nozzles 12
about the fiber sheet forming belt that recover water
sprayed from the high-pressure water nozzles 12. At this
time, the fiber sheet 24 is sprayed with high-pressure

water from the high-pressure water nozzles 12, and
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grooves are preferably formed in the surface thereof
(side facing the high-pressure water nozzles 12). It
should be noted that there may be more or less water
nozzles and suction boxes provided. Moreover, the water
nozzles and suction boxes may be omitted.

[0013]

An example of the high-pressure water nozzle 12 is
preferably shown in FIG. 2. The high-pressure water
nozzle 12 sprays a plurality of high-pressure water
streams 31 arranged in the machine cross direction (CD)
of the fiber sheet 24. As a result, a plurality of
grooves 32 are formed in the surface of the fiber Sheet
24 that are arranged in the cross machine direction (CD)
of the fiber sheet 24 and extend in the machine direction
(MD) .

[0014]

In addition, when the fiber sheet 24 is subjected to
the high-pressure water streams, in addition to the
grooves 32 being formed in the fiber sheet 24 as
described above, individual fibers of the fiber sheet 24
become entangled resulting in an increase in strength of
the fiber sheet 24. Although the principle by which
individual fibers of the fiber sheet 24 become entangled
when the fiber sheet 24 is subjected to the high-pressure
water streams is explained with reference to FIG. 3, this
principle is not intended to limit the present invention.
[0015]

As shown in FIG. 3, when the high-pressure water
nozzles 12 spray the high-pressure water streams 31, the
high-pressure water streams 31 pass through the fiber
sheet forming belt 41. As a result, the fibers of the
fiber sheet 24 are pulled in, centering on a portion 42
where the high-pressure water streams 31 pass through the
fiber sheet forming belt 41. As a result, fibers of the
fiber sheet 24 gather towards the portion 42 where the

high-pressure water streams 31 pass through the fiber

"sheet forming belt 41 which causes individual fibers to
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become entangled.
[0016]

As a result of individual fibers of the fiber sheet
24 becoming entangled, the strength of the fiber sheet 24
increases, thereby reducing the formation of holes,
tearing of the fiber sheet 24 and dispersal of the fiber

sheet 24 even if high-pressure steam is sprayed onto the

fiber sheet 24 in a subsequent step. In addition, the

wet strength of the fiber sheet 24 can be increased
without having to add a strength agent to the papermaking
raw material.

[0017]

The hole diameter of the high-pressure water nozzles
12 is preferably 90 pum to 150 um. If the hole diameter

of the high-pressure water nozzles 12 is 90 um or more,
there are cases in which the problem of increased
susceptibility to nozzle clogging may occur may be

effectively avoided. If the hole diameter of the high—‘

pressure water nozzles 12 is 150 pum or less, cases in
which the problem of poor processing efficiency may be
effectively avoided.

[0018]

The hole pitch (distance between the centers of
adjacent holes) of the high-pressure water nozzles 12 is
preferably 0.5 to 1.0 mm. If the hole pitch of the high-
pressure water nozzles 12 is 0.5 mm or more, cases in
which the withstand pressure of the nozzles decrease
resulting in damage thereto may be effectively avoided.
In addition, if the hole pitch of the high-pressure water
nozzles 12 is 1.0 mm or less, cases in which the problem
of inadequate fiber entanglement may occur may be
effectively avoided.

[0019] .

FIG. 4 shows an example of the arrangement of holes

the high-pressure water nozzles 12. A plurality of holes

121 are preferably provided in the high-pressure water
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nozzles 12 that are arranged in a row in the cross
machine direction (CD) of the fiber sheet 24. The hole

diameter is, for example, 92 um, and the hole pitch is,
for example, 0.5 mm. |
[0020]

FIG. 5 shows a widthwise cross-sectional view of the
fiber sheet 24 at a location after having passed between
the two high-pressure water nozzles 12 and the two
suction boxes 13 (location indicated by reference symbol
25 in FIG. 1). The grooves 32 are formed in the surface
of the fiber sheet by the high-pressure water streams.
[0021]

Subsequently, as shown in FIG. 1, the fiber sheet 24
is preferably transferred to a fiber sheet transport
conveyor 18 by a suction pickup 17. During this
transfer, the fiber sheet 24 may be subjected to pressure
in the direction of thickness resulting in a decrease in
the bulk of the fiber sheet 24. The fiber sheet 24 1is
preferably further transferred to a fiber sheet transport
conveyor 19. During this transfer as well, the fiber
sheet 24 may be subjected to pressure in the direction of
thickness resulting in a decrease in bulk of the fiber
sheet 24. Next, the fiber sheet 24 is preferably
transferred to a drying dryer 20. During this transfer
as well, the fiber sheet 24 is subjected to pressure in
the direction of thickness resulting in a decrease in
bulk of the fiber sheet 24. The drying dryer 20 is, for
example, a Yankee dryer, and the fiber sheet 24 is dried

by adhering the fiber sheet 24 to a drum preferably

heated to about 120°C with steam.
[0022]

As a result of being dried by the drying dryer 20,
the moisture content of the fiber sheet 24 is preferably
made to be less than 10% and more preferably 8% or less.
Here, moisture content refers to the weight of water
contained in the fiber sheet 24 based on a value of 100%
for the weight of the dried fiber sheet 24. TIf the
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moisture content of the fiber sheet 24 is 10% or less, it
may be ensured that hydrogen bonding strength between
fibers of the fiber sheet 24 is not excessively decreased
so that entanglement between fibers is not weakened, and
it is ensured that the fiber sheet 24 is able to obtain
the required strength. In the method for producing non-
woven fabric in an embodiment of the present invention,
it is preferable to increase the strength of the fiber
sheet 24 since regions of low strength are formed in a
portion of the fiber sheet 24 in a subsequent post-
processing step.

Note that when the fiber sheet 24 is produced (by a
dry method) by supplying a web to the fiber sheet forming
belt, the drying step may be omitted.

[0023]

Next, the fiber sheet 24 moves below a‘sprayer 23
where water is applied from the sprayer 23. As shown in
FIG. 6, spraying nozzles 231 are preferably arranged in a
row in the cross machine direction (CD) of the fiber
sheet 24. 1In addition, the sprayer 23 is preferably
arranged in close proximity to the fiber sheet 24 so that
water 232 released from the sprayer 23 is only applied to
a portion of the fiber sheet 24. As a result, a
plurality of regions 241 where water has been applied,
namely a plurality of regions 241 where moisture content
is increased, are formed in a portion of the fiber sheet
24. The plurality of regions 241 where moisture content
is increased are preferably arranged in the cross machine
direction (CD) of the fiber sheet 24 and extend in the
machine direction (MD) of the fiber sheet 24. It should
be noted that alternative means for increasing the
moisture content may be provided, as discussed below.
[0024]

Although there are no particular limitations on the
moisture content of the regions 241 where the moisture
content of the fiber sheet 24 is increased provided it is

higher than the moisture content of the fiber sheet 24
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that has been dried by the drying dryer 20, it is
preferably 10% to 80%. If the moisture content of the
fiber sheet 24 is 10% or more, hydrogen bonding force
between fibers of the fiber sheet 24 does not increase

too much, and the amount of energy reguired to loosen the

-fibers of the fiber sheet 24 with high-pressure steam to

be subsequently described may be kept low. On the other
hand, if the moisture content of the fiber sheet 24 is |
80% or less, water can effectively be prevented from
dripping from the fiber sheet 24.

[0025]

Furthermore, the liguid released from the sprayer 23
is not limited to water provided that it is able to
increase the moisture content of the fiber sheet 24. For
example, an aqueous solution obtained by dissolving
another compound in water may be released from the
sprayer 23.

[0026]

Since hydrogen bonding strength between fibers of
the fiber sheet 24 decreases in the regions 241 where
moisture content is increased, entanglement between
fibers weakens. Consequently, in the regions 241 where
moisture content is increased, fibers of the fiber sheet
24 can be loosened easily thereby facilitating processing
of the fiber sheet 24.

[0027]

Since hydrogen bonding between fibers weakens and
entanglement between fibers also weakens in the case of a
high moisture content of the fiber sheet, the strength of
the fiber sheet is low. Consequently, in the case the
moisture content of the entire fiber sheet is 50% by
weight to 85% by weight as in the fiber sheet previously
described in Patent Literature 1, the strength of the
fiber sheet decreases thereby preventing increases from
being made in line tension or line speed of the
production process. Consequently, production efficiency

of the non-woven fabric decreases. However, in the
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method for producing non-woven fabric of an embodiment of
the present invention, since the water 232 released from
the sprayer 23 is preferably only applied to a portion of
the fiber sheet 24, regions where moisture content is not
increased remain in the fiber sheet 24. Since hydrogen
bonding between fibers of the fiber sheet 24 is strong
and entanglement between fibers is also strong in those
regions where moisture content is not increased, the
strength of the fiber sheet 24 is high. Thus, in the
method for producing non-woven fabric of an embodiment
the present invention, line tension or line speed of the
production process can be increased and production
efficiency of non-woven fabric can be enhanced due to the
presence of these regions where moisture content is not
increased.

[0028]

Hole diameter and hole pitch of the sprayer 23 are
suitably selected based on the locations and periphery
thereof where high-pressure steam sprayed from a steam
nozzle 14 to be subsequently described contacts the fiber
sheet 24. For example, the hole diameter and hole pitch
of the sprayer 23 may be made to correspond to the hole
diameter and hole pitch of the steam nozzle 14 to be
subsequently described.

[0029]

Next, the fiber sheet 24 preferably moves over the
mesh-1like outer peripheral surface of a cylindrical
suction drum 13 (see FIG. 1). At this time, high-
pressure steam is sprayed onto the regions of the fiber
sheet 24 where moisture content is increased from a
single steam nozzle 14 arranged above the outer
peripheral surface of the suction drum 13. Furthermore,
high-pressure steam from two or more-steam nozzles may
also be sprayed onto the regions of the fiber sheet 24
where moisture content is increased. The suction drum 13
preferably contains an internal suction device, and high-

pressure steam sprayed from the steam nozzle 14 is
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suctioned by this suction device. Grooves are preferably
formed in the surface of the fiber sheet 24 (side facing

the steam nozzle 14) by high-pressure steam sprayed from

the steam nozzle 14. |

[0030]

The high-pressure steam sprayed from the steam
nozzle 14 may be steam composed of 100% water or may be
steam that contains another gas such as air. However,
the high-pressure steam sprayed from the steam nozzle 14
is preferably steam composed of 100% water.

[0031]

An example of the steam nozzle 14 arranged above the
suction drum 13 is shown in FIG. 7. The steam nozzle 14
sprays a plurality of streams of high-pressure steam 51
arranged in the cross machine direction (CD) of the fiber
sheet 24 towards the regions 241 of the fiber sheet 24
where moisture content is increased. As a result, a
plurélity of grooves 52 are formed in the surface of the
fiber sheet 24 that are arranged in the cross machine
direction (CD) of the fiber sheet 24 and extend in the
machine direction (MD). Although grooves formed by high-
pressure water streams as previously described are also
present in the fiber sheet 24, these grooves formed by
the high-pressure water streams are omitted from FIG. 7
to more easily illustrate the grooves 52 formed by the
high-pressure steam 51.

[0032]

When the regions 241 of the fiber sheet 24 where
moisture content is increased are sprayed with the high-
pressure steam, fibers of the fiber sheet 24 at the
regions 241 where moisture content is increased are
loosened. The loosened fibers are then moved by the
high-pressure steam to both sides in the widthwise
direction of the portions sprayed with the high-pressure
steam. As a result, the bulk of the fiber sheet 24
increases. Although the principle by which the bulk of

the fiber sheet 24 increases is explained in detail with



10

15

20

25

30

35

WO 2013/047863 PCT/JP2012/075286

- 13 -

reference to FIG. 8, this principle is not intended to
limit the present invention.
[0033] ‘

As shown in FIG. 8, when the high—pressﬁre steam 51
is sprayed by the steam nozzle 14, the high-pressure
steam 51 contacts the suction drum 13. The majority of
the high-pressure steam 51 is rebounded off the suction
drum 13. As a result, fibers of the fiber sheet 24 are
curled up and loosened. In particular, since hydrogen
bonding between fibers has been weakened in the regions
where moisture content is increased, the degree of
entanglement between fibers is weak. Consequently,
fibers of the fiber sheet 51 are curled up more easily in
the regions where moisture content is increased, thereby
enabling the fibers to be loosened more easily.

[0034]

In addition, water in the fiber sheet 24 evaporates
rapidly due to the high-pressure steam. Since the
moisture content of the fiber sheet 24 is increased in
the regions where moisture content is increased,
expansion of steam also increases due to this rapid
evaporation of water. As a result, the gaps between
fibers become larger and the fibers are more easily
loosened.

[0035]

Fibers of the fiber sheet 24 are further pushed
apart by the high-pressure steam 51, and the fibers that
have been pushed apart in this manner move and gather in
both directions of width at a portion 53 where the high-
pressure steam 51 contacts the suction drum 13, thereby
resulting in the formation of bulky portions 54 where the
bulk of the fiber sheet 24 is high.

[0036]

Since the fiber sheet 24 is shaped as a result of a
portion of the fibers thereof being blown together by the
high-pressure steam 51, entanglement between fibers is

strong. Consequently, plastic fibers may be incorporated
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in the fiber sheet 24 in order to maintain the bulky
state of the fiber sheet. 1In addition, there is little
crushing of the bulky portions of the fiber sheet due to
the fiber sheet being wound as subsequently described.
Moreover, there is also little crushing of bulky portions
of the non-woven fabric even if the resulting non-woven
fabric is used in a wet state.

[0037] : .

Since moisture content of the fiber sheet 24 is low
in those regions where moisture content is not increased,
hydrogen bonding between fibers is strong. Consequently,
the bulk of the fiber sheet 24 does not increase that
much in those regions where moisture content has not
increased even if sprayed with the high-pressure steam
51. Thus, in the method for producing non-woven fabric
of an embodiment of the present invention, the bulk of
the fiber sheet 24 can be increased to a very high level
by forming regions where moisture content is increased in
the fiber sheet 24 and spraying the high-pressure steam
51 onto those regions.

{o038]

The strength of the fiber sheet 24 is enhanced by
the high-pressure water streams in those regions where
moisture content is not increased. Consequently, when
the high-pressure water streams are used, it is not
necessary to provide a net over the fiber sheet 24 for
preventing the fiber sheet 24 from being blown away by
the high-pressure steam 51 when spraying the high-
pressure steam 51 onto the fiber sheet 24. Thus,
processing efficiency of the fiber sheet 24 by the high-
pressure steam 51 is improved. In addition, since it is
not necessary to provide the aforementioned net,
maintenance for the non-woven fabric production device
and production costs of the non-woven fabric can be
reduced.

[0039]

The temperature of the high-pressure steam is
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preferably 130°C to 220°C. For example, the temperature
of the high-pressure steam is measured immediately after
the steam has sprayed from the nozzle. As a result,
drying of the fiber sheet 24 proceeds even when the high-
pressure steam is sprayed onto the fiber sheet 24, and
the bulk of the fiber sheet 24 can be increased
simultaneously to drying. Since hydrogen bonding between
fibers of the fiber sheet 24 becomes stronger when the
fiber sheet 24 is dried, the strength of the fiber sheet
24 increases, and the increased bulk of the fiber sheet
24 is not easily reduced. In addition, as a result of
the increase in strength of the fiber sheet 24, the
formation of holes and tearing of the fiber sheet 24
caused by being sprayed with high-pressure steam are
prevented.
[0040]

The steam pressure of high-pressure steam sprayed
from the steam nozzle 14 is preferably 0.3 MPa to 1.5
MPa. TIf the steam pressure of the high-pressure steam is
0.3 MPa or more, a suitable increase in the bulk of the
fiber sheet 24 due to the high-pressure steam may be
ensured. In addition, if the steam pressure of the high-
pressure steam is 1.5 MPa or less, the formation of holes
in the fiber sheet 24 or the tearing and blowing away of
the fiber sheet 24 may be effectively prevented.
[0041]

A suction device that suctions steam sprayed from
the steam nozzle 14 is housed in the suction drum 13.
The suction force generated by this suction device that
enables the suction drum 13 to suction the fiber sheet 24
is preferably -1 kPa to -12 kPa. If the suction force of
the suction drum 13 is -1 kPa or more, it may be ensured
that the steam is able to be completely suctioned
avoiding the problem of the risk of steam being blown
upward. In addition, if the suction force of the suction
drum 13 is -12 kPa or less, it may be ensured the problem

in which there is an increase in the number of fibers
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that drop into the suction drum is avoided.
[0042]

The distance between the end of the steam nozzle 14
and the surface of the fiber sheet 24 is preferably 1.0
mm to 10 mm. TIf the distance between the end of the
steam nozzle 14 and the surface of the fiber sheet 24 is
1.0 mm or more, it may be ensured that problems such as
holes forming in the fiber sheet 24 or the fiber sheet 24
being torn and blown away are avoided. 1In addition, if
the distance between the end of the steam nozzle 14 and
the surface of the fiber sheet 24 is 10 mm or less, it
may be ensured that the force for forming grooves in the
surface of the fiber sheet 24 with the high-pressure
steam is not dispersed, so that there is no impairment of
the ability of the high-pressure steam to form grooves in
the surface of the fiber sheet 24.

[0043]

The hole diameter of the steam nozzle 14 is
preferably larger than the hole diameter of the high-
pressure water nozzles 12, and the hole pitch of the
steam nozzle 14 is preferably larger than the hole pitch
of the high-pressure water nozzles 12. As a result, as
shown in FIG. 9, the grooves 52 can be formed in the
fiber sheet 24 by the high-pressure steam sprayed from
the steam nozzle 14 while leaving the grooves 32 formed
by the high-pressure water streams sprayed from the high-
pressure water nozzles 12.

[0044]

FIG. 9 is a drawing showing a widthwise cross-
section of the fiber sheet 24 after having been sprayed
with high-pressure steam (location indicated by reference
symbol 26 in FIG. 1). Regions 55, where a plurality of
the grooves 32 are presént in the fiber sheet 24 that
were formed by the high-pressure water streams,
correspond to the regions where moisture content has not
been increased, and are regions where the strength of the

fiber sheet 24 is high. Regions 56, where the grooves 52
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and bulky portions 54 are present that were formed by the
high-pressure steam, correspond to those regions where
moisture content is increased, and are regions where
strength is slightly lower than the aforementioned
regions 55. 1In this manner, a preferable balance between
strength and bulk can be achieved in the fiber sheet 24
by forming the regions 55, where strength is high but
bulk is not high, and regions 56, where strength is low
but bulk is high. In addition, as the bulk of thé fiber
sheet 24 increases, water retention of the fiber sheet 24
is improved and wet strength of the fiber sheet 24 1is
also improved. Moreover, grooves can also be formed in
the fiber sheet 24 by high-pressure steam while
suppressing decreases in strength of the fiber sheet 24
caused by the high-pressure steam.

[0045]

In the case of using the fiber sheet as a non-woven
fabric for wiping up soiling, the regions 56 where the
grooves 52 and the bulky portions 54 are present in the
fiber sheet 24 are able to wipe up the soiling, while the
regions 55 where the plurality of grooves 32 is present
can be used to absorb soiling that has been wiped up.
Thus, wiping performance of the fiber sheet is improved
by the presence of these two types of regions 55 and 56.
[0046]

The hole diameter of the steam nozzle 14 is
preferably 150 um to 600 pum. If the hole diameter of the

steam nozzle 14 is 150 pm or more, it may be ensured that
the energy of the high-pressure steam is adequate,
thereby ensuring sufficient fiber separation. In
addition, if the hole diameter of the steam nozzle 14 is
600 pm or less, it may be ensured that the energy of the
high-pressure steam is not excessively large, thereby
ensuring the problem of the fiber sheet 24 being
excessively damaged by the high-pressure steam is

avoided.
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[0047]

The hole pitch (distance between the centers of
adjacent holes) of the steam nozzle 14 is preferably 1.0
mm to 10.0 mm. If the hole pitch of the steam nozzle 14
is 1.0 mm or less, the withstand pressure of the steam
nozzle 14 increases, ensuring there is no risk of damage
to the steam nozzle 14. In addition, if the hole pitch
of the steam nozzle 14 is 10.0 mm or less, the proportion
of those portions of the fiber sheet subjected to
treatment by high-pressure steam increases, effectively
avoiding a decrease in the effect of the high-pressure
steam on the fiber sheet.

[0048]

The holes of the steam nozzle 14 may be arranged in
a single row or in two or more rows in the cross machine
direction (CD) of the fiber sheet 24. 1In addition, two
or more holes in the steam nozzle 14 arranged in the
cross machine direction (CD) may constitute groups of
holes, and these groups of holes of the steam nozzles 14
may be arranged in the cross machine direction (CD) at a
prescribed hole pitch. 1In this case, the distance
between the centers of adjacent groups of holes becomes
the hole pitch of the steam nozzle 14.

[0049]

FIG. 10 shows an example of the arrangement of holes
in the steam nozzle 14. In the steam nozzle 14, groups
of holes 142 composed of two holes 141 arranged in the
cross machine direction (CD) of the fiber sheet 24 are

arranged in two rows in the cross machine direction (CD).

The hole diameter is, for example, 300 um, the hole
pitch, namely the distance between the centers of
adjacent holes constituting the groups of holes 142
composed of the holes 141, is, for example, 2.0 mm, and a
distance 143 between the centers of adjacent groups of
holes 142 composed of the holes 141 is, for example, 6.0
mm .

[0050]
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The temperature of the high-pressure steam is
preferably higher than the temperature of the drying
dryer 20 so as to prevent the moisture content of the
fiber sheet 24 after having been sprayed with the high-
pressure steam from being higher than the moisture
content of the fiber sheet 24 before spraying with the
high-pressure steam as much as possible. For example,

the temperature of the high-pressure steam is preferably

130°C to 220°C. As a result, drying of the fiber sheet 24
proceeds when the high-pressure steam is sprayed onto the
fiber sheet 24, and the bulk of the fiber sheet 24 can be
increased simultaneous to drying. Since hydrogen bonding
between fibers df the fiber sheet 24 becomes stronger
when the fiber sheet 24 is dried, the strength of the
fiber sheet 24 increases, and the increased bulk of the
fiber sheet 24 is not easily reduced. In addition, as a
result of the increase in strength of the fiber sheet 24,
the formation of holes and tearing of the fiber sheet 24
caused by being sprayed with high-pressure steam are
prevented.

[0051]

The moisture content of the fiber sheet 24 after
being sprayed with the high-pressure steam is preferably
35% or less. If the moisture content of the fiber sheet
24 after being sprayed with the high-pressure steam is
35% or less, cases in which the moisture content of the
fiber sheet 24 cannot be made to be 5% or less by drying
with the drying dryer to be subsequently described may be
effectively avoided. 1In this case, no additional drying
is required thereby resulting in improved non-woven
fabric production efficiency.

[0052]

In addition grooves being formed in the surface of
the fiber sheet 24 by the high-pressure steam, surface
irregularities (not shown) corresponding to the pattern
of the outer peripheral surface of the suction drum 13

may be formed on the lower surface of the fiber sheet 24
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(side of the fiber sheet 24 facing the suction drum 13).
[0053]

Subsequently, as shown in FIG. 1, the fiber sheet 24
is preferably transferred to a drying dryer 22 separate
from the drying dryer 20. The drying dryer 22 is, for
example, a Yankee dryer. The fiber sheet 24 is

adequately dried by heating the drum of the drying dryer

22 with steam to about 150°C and adhering the fiber sheet
24 to the drum. The fiber sheet 24 after having passed
over the drying dryer 22 is required to be adequately
dry, and more specifically, the moisture content of the
fiber sheet 24 after having passed over the drying dryer
22 1is preferably 5% or less.

[0054]

As was previously described, since a prescribed
pattern is formed in a fiber sheet having an extremely
high moisture content of 50% by weight to 85% by weight
in the method for producing bulky paper as described in
Patent Literature 1, there are cases in which a large
amount of energy is required in a drying step following
formation of the pattern in the fiber sheet in order to
dry the fiber sheet. On the other hand, in the method
for producing non-woven fabric of an embodiment of the
present invention, since regions of the fiber sheet
having high moisture content are present in a portion of
the fiber sheet, a large amount of energy is not required
to dry the fiber sheet. 1In addition, since high-pressure
steam is sprayed onto regions having high moisture
content present in only a portion of the fiber sheet, the
moisture content of the regions having high moisture
content is further lowered, thereby further reducing the
need to use a large amount of energy to dry the fiber
sheet.

[0055]

The dried fiber sheet 24 is preferably wound onto a
winding machine 21.

[0056]
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The method for producing non-woven fabric according
to the aforementioned embodiment can be modified as
described below.

(1) The moisture content of regions where moisture
content is increased may be allowed to be changed
according to the location by changing the amount of water
or aqueous solution applied to the fiber sheet. Since
hydrogen bonding between fibers of the fiber‘sheet
weakens and entanglement between fibers also.weakens, the
higher the moisture content of those locations where
moisture content is increased is, the higher the height
of the bulky portions is. Thus, as a result of changing
the moisture content of regions where moisture content is
increased according to the location, the height of the
bulky portions can be changed according to the location,
thereby increasing the degree of freedom of the surface
design of the fiber sheet 24.

[0057]

(2) A solenoid valve and the like may be provided in
the sprayer used to form regions where moisture content
is increased on the fiber sheet, and the sprayer may
intermittently release water or an aqueous solution onto
the fiber sheet. As a result, regions where moisture
content is increased can be formed intermittently. As
was previously described, the grooves 52 and the bulky
portions 54 are formed in the fiber sheet 24 when high-
pressure steam is sprayed at those regions where moisture
content 1is increased since hydrogen bonding between
fibers has weakened and entanglement between fibers has
weakened. However, since the moisture content of the
fiber sheet is extremely low in those regions where
moisture content is not increased, hydrogen bonding
between fibers is strong and the fibers are strongly
entangled, thereby resulting in hardly any formation of
the grooves 52 and the bulky portions 54 in the fiber
sheet 24 even if sprayed with high-pressure steam. Thus,

by using a sprayer capable of intermittently releasing
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water or an aqueous solution, even in the case of
continuously spraying the high-pressure steam, grooves
52A and bulky portions 54A can be formed that are .
arranged in the cross machine direction (CD) and
intermittently extend in the machine direction (MD) in
the manner of a fiber sheet 24A shown in FIG. 11.
Namely, by partially forming regions where moisture
content is incréased, grooves and bulky portions can be
partially formed even in the case of continuously
spraying high-pressure steam.

[0058]

In addition, the pattern of grooves 52 and bulky
portions 54 in the fiber sheet 24 can be changed by
controlling the interval at which water or an aqueous
solution is released by the sprayer. As a result, costs
incurred in order to change the pattern of the grooves 52
and the bulky portions 54 can be reduced. On the other
hand, since it was necessary to change the perforated
pattern structure, suction drum and steam nozzle in order
to change the pattern formed in the fiber sheet in the
method for producing bulky paper described in Patent
Literature 1, considerable costs were required to change
the pattern formed in the fiber sheet.

[0059]

(3) As shown in FIG. 12, regions 241B where moisture
content 1s increased may also be formed in a portion of‘a
fiber sheet 24B by bringing the fiber sheet 24B in close
proximity to openings 231B from which are discharged
water or an aqueous solution of a tube 23B containing
water or an aqueous solution. Thus, the regions 241B
where moisture content is increased can be formed in a
portion of the fiber sheet 24 using simple equipment. As
a result, grooves and bulky portions can be formed only
at the regions 241B where moisture content is increased
even in the case of continuously spraying high-pressure
steam.

[0060]
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(4) As shown in FIG. 13, regions 241C where moisture
content is increased may also be formed in a portion of a
fiber sheet 24C by passing the fiber sheet 24C between
moisture-imparting rollers 23C. The moisture-imparting
rollers 23C are preferably composed of an upper roller
231C, having a patterned portion 233C in the outer
peripheral surface thereof through which water or an
aqueous solution is allowed to seep out, and a lower
roller 232C, having a smooth outer peripheral surface.
Furthermore, the water-imparting rollers may also be
composed of an upper roller having a smooth outer
peripheral surface and a lower roller having a patterned
portion in the outer peripheral surface thereof through
which water or an aqueous solution is allowed to seep
out. 1In addition, both the upper roller and the lower
roller of the moisture-imparting rollers may have a
patterned portion in the outer peripheral surface thereof
through which water or an aqueous solution is allowed to
seep out. The patterned portion 233C is composed of a
porousvbody, and water or an aqueous solution supplied to
the inside of the upper roller 231C is supplied to the
outer peripheral surface of the upper roller 231C by
passing through the patterned portion 233C. As a result,
when the fiber sheet 24C passes between the moisture-
imparting rollers 23C, the regions 241C where moisture
content is increased can be formed in the fiber sheet 24C
that are of the same size and shape as the patterned
portion 233C. Changing the size and shape of the
patterned portion 233C offers the convenience of enabling
the size and shape of the regions 241C formed in the
fiber sheet 24C where moisture content is increased to be
changed as desired. As a result, grooves and bulky
portions can be formed only in the regions 241C, for
which the size and shape thereof can be changed as
desired, even in the case of continuously spraying high-
pressure steam.

[0061]
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(5) The high-pressure steam is able to evaporate
moisture in the fiber sheet. Thus, the moisture content
of the fiber sheet after spraying with the high-pressure
steam can be reduced to 5% or less by increasing the
energy of the high-pressure steam. In this case, since
further drying of the fiber sheet is not necessary, a
drying dryer may not be provided between the steam nozzle
14 and the winding machine 21 in the manner of a non-
woven fabric production device 1D shown in FIG. 14.

[0062]

(6) The method for producing non-woven fabric in the
aforementioned embodiment of the present invention is a
method for producing non-woven fabric by a wet method.
However, the method for producing non-woven fabric of the
present invention can also be applied to a method for
producing non-woven fabric by a dry method. For example,
a web may be supplied to a support, a fiber sheet may be
formed on the support, regions may be formed in a portion
of the fiber sheet where moisture content is increased to
a moisture content higher than the moisture content of
the fiber sheet, and high-pressure steam may be sprayed
onto those regions of the fiber sheet where moisture
content is increased. In addition, in order to prevent
the fiber sheet from being blown away by the high-
pressure steam when the high-pressure steam is sprayed
onto the fiber sheet, high-pressure water may be sprayed
onto the fiber sheet before spraying the fiber sheet with
the high-pressure steam.

[0063]

The aforementioned embodiment can also be combined
with one or a plurality of variations. The variations
can also be combined in any manner.

[0064]

The aforementioned explanation has merely provided
an explanation of one embodiment of the present
invention, and the present invention is not limited to

that embodiment.
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[Examples]
[0065]

Although the following provides a more detailed
explanation of the present invention based on examples
thereof, the present invention is not limited to these
examples.

[0066]

In the examples and comparative examples, pre-
steaming fiber sheet moisture content, fiber sheet basis
weight, fiber sheet thickness, dry tensile strength, dry
tensile elongation, wet tensile strength and wet tensile
elongation were measured in the manner described below.
[0067]

(Pre-Steaming Fiber Sheet Moisture Content)

The fiber sheet 24 onto which water was released
from the sprayer 23 was sampled in the non-woven fabric
production device 1 shown in FIG. 1, and a region where
water was released was cut out from the sampled fiber
sheet 24 followed by measuring the weight (Wl) of the
sample piece cut from the fiber sheet. Subsequently, the

sample piece was allowed to stand undisturbed for 1 hour

in a constant temperature bath at 105°C followed by drying
and measuring the weight of the sample piece (Dl1). The
moisture content of the fiber sheet prior to steam
spraying was calculated using the following formula.

Pre-steaming fiber sheet moisture content =

(W1-D1) /W1l x 100 (%)

The average value of pre-steaming fiber sheet
moisture content of 10 sample pieces was taken to be the
pre-steaming fiber sheet moisture content of the example
or comparative example corresponding to that sample
piece. '

[0068]
(Fiber Sheet Basis Weight)
The fiber sheet 24 dried with the drying dryer 20

was sampled, and a piece was cut out to a size of 30 cm x
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30 cm to prepare a sample piece. Subsequently, the

sample piece was allowed to stand undisturbed for 1 hour

in a constant temperature bath at 105°C followed by drying
and measuring the weight of the sample piece. The fiber
sheet basis weight was calculated by dividing the
measured weight of the sample piece by the area of the
sample piece. _

The average value of fiber sheet basis weight of 10
sample pieces was taken to be the fiber sheet basis
weight of the example or comparative example
corresponding to that sample piece.

[fo069]

(Fiber Sheet Thickness)

The thickness of produced non-woven fabric was
measured under measuring conditions consisting of a
measuring load of 3 g/cm® using a thickness gauge (Model
FS-60DS, Daiei Kagaku Seiki Mfg. Co., Ltd.) equipped with
a 15 cm? probe. Thickness was measured at three locations
for each measurement sample, and the average value of the
three thicknesses was taken to be the fiber sheet
thickness of the example or comparative example
corresponding to that non-woven fabric.

[0070]

(Dry Tensile Strength)

A strip-like test piece having a width of 25 mm such
that the lengthwise direction thereof was the machine
direction (MD) of the fiber sheet and a strip-like test
piece having a width of 25 mm such that the lengthwise
direction thereof was the cross machine direction (CD) of
the fiber sheet were cut from produced non-woven fabric
to prepare measurement samples. The respective tensile
strengths of three machine direction (MD) measurement
samples and three cross machine direction (CD)
measurement samples were measured under conditions of a
clamping distance of 100 mm and tension speed of 100
mm/min using a tensile tester (Autograph Model AGS-1kNG,
Shimadzu Corp.) equipped with a load cell having a
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maximum load capacity of 50 N. The average value of the
tensile strengths of the three measurement samples was
taken to be the dry tensile strength of the example or
comparative example corresponding to that measurement
sample.

[0071]

(Dry Tensile Elongation)

A strip-like test piece having a width of 25 mm such
that the lengthwise direction thereof was the machine
direction (MD) of the fiber sheet and a strip-like test
piece having a width of 25 mm such that the lengthwise
direction thereof was the cross machine direction (CD) of
the fiber sheet were cut from produced non-woven fabric
to prepare measurement samples. The respective tensile
elongations of three machine direction (MD) measurement
samples and three cross machine direction (CD)
measurement samples were measured under conditions of a
clamping distance of 100 mm and tension speed of 100
mm/min using a tensile tester (Autograph Model AGS-1kNG,
Shimadzu Corp.) equipped with a load cell having a
maximum load capacity of 50 N. Here, tensile elongation
refers to the value obtained by dividing the maximum
elongation when the measurement sample is pulled with the
tensile tester by the clamping distance (100 mm). The
average value of the tensile elongations of the three
measurement samples was taken to be the dry tensile
elongation of the example or comparative example
corresponding to that measurement sample.

[0072]

(Wet Tensile Strength)

A strip-like test piece having a width of 25 mm such
that the lengthwise direction thereof was the machine
direction (MD) of the fiber sheet and a strip-like test
piece having a width of 25 mm such that the lengthwise
direction theréof was the cross machine direction (CD) of
the fiber sheet were cut from produced non-woven fabric,

followed by impregnating the resulting test pieces with
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an amount of water equal to 2.5 times the weight thereof
(moisture content: 250%) to prepare measurement samples.
The respective tensile strengths of three machine
direction (MD) measurement samples and three cross
machine direction (CD) measurement samples were measured
under conditions of a clamping distance of 100 mm and
tension speed of 100 mm/min using a tensile tester
(Autograph Model AGS-1kNG, Shimadzu Corp.) equipped with
a load cell having a maximum load capacity of 50 N. The
average value of the tensile strengths of the three
measurement samples was taken to be the wet tensile
strength of the example or comparative example
corresponding to that measurement sample.

[0073]

(Wet Tensile Elongation)

A strip-like test piece having a width of 25 mm such
that the lengthwise direction thereof was the machine
direction (MD) of the fiber sheet and a strip-like test
piece having a width of 25 mm such that the lengthwise
direction thereof was the cross machine direction (CD) of
the fiber sheet were cut from produced non-woven fabric,
followed by impregnating the resulting test pieces with
an amount of water equal to 2.5 times the weight thereof
(mecisture content: 250%) to prepare measurement samples.
The respective tensile elongations of three machine
direction (MD) measurement samples and three cross
machine direction (CD) measurement samples were measured
under conditions of a clamping distance of 100 mm and
tension speed of 100 mm/min using a tensile tester
(Autograph Model AGS-1kNG, Shimadzu Corp.) eguipped with
a load cell having a maximum load capacity of 50 N. The
average value of the tensile elongations of the three
measurement samples was taken to be the wet tensile
elongation of the example or comparative example
corresponding to that measurement sample.

[0074]

The following provides an explanation of methods
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used to produce the examples and comparative examples.
[0075]

(Example 1)

Example 1 was produced using the non-woven fiber
production device 1 in an embodiment of the present
invention shown in FIG. 1. A papermaking raw material
was produced that contained 70% by weight of northern
bleached kraft pulp (NBKP) and 30% by weight of rayon
having fineness of 1.1 dtex and fiber length of 7 mm
(Corona, Daiwabo Rayon Co., Ltd.). The basis weight of
the papermaking raw material was 45 g/m?. The papermaking
raw material was supplied to the fiber sheet forming belt
16 (0S80, Nippon Filcon Co., Ltd.) using the raw material
supply head 11, and the papermaking raw material was
dehydrated using the suction boxes 15 to form the fiber
sheet 24. The fiber sheet moisture content of the fiber
sheet 24 at this time was 80%. Subsequently, high-
pressure water streams were sprayed into the fiber sheet
24 using two high-pressure water nozzles 12. The high-
pressure water flow energy of the high-pressure water
streams sprayed onto the fiber sheet 24 using the two
high-pressure water nozzles 12 was 0.46 kW/m?. Here, the
high-pressure water flow energy was calculated using the
following formula:

high-pressure water flow energy (kW/m?) = 1.63 x
spraying pressure (kg/cm?) x spraying flow rate (m?/min) /
processing speed (m/min)
where,

sprayling pressure (kg/cm?) = 750 x total orifice

opening surface area (m%) x spraying pressure (kg/cm?)m4%

[0076]
In addition, the distance between the ends of the
high-pressure water nozzles 12 and the surface of the

fiber sheet 24 was 10 mm. Moreover, the hole diameter of

the high-pressure water nozzles 12 was 92 pm and the hole

pitch was 0.5 mm.
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[0077]
After being transferred to the two fiber sheet

transport conveyors 18 and 19, the fiber sheet 24 was

transferred to the Yankee dryer 20 heated to 120°C and
dried so that the moisture content of the fiber sheet 24
was 8% or less.

[0078]

Next, a plurality of regions where moisture content
was increased was formed in a portion of the fiber sheet
24 by releasing water onto the fiber sheet 24 from the
sprayer 23. The hole diameter of the sprayer 23 was 200

um, and the hole pitch of the sprayer 23 was 6 mm. The
pre-steaming fiber sheet moisture content of the fiber
sheet 24 in the regions where the moisture content was
increased was 40%. |

[0079]

Next, high-pressure steam was sprayed onto the
regions of the fiber sheet 24 where moisture content was
increased using two steam nozzles 14. The steam pressure
of the high-pressure steam at this time was 0.7 MPa and
the steam temperature was 190°C. 1In addition, the
distance between the ends of the steam nozzles 14 and the
surface of the fiber sheet was 2 mm. Moreover, the
arrangement of holes in the steam nozzles was the

arrangement of holes shown in FIG. 10, the hole diameter

of the steam nozzles was 300 pm and the hole pitch was

- 2.0 mm. In addition, the suction force used by the

suction drum 13 to suction the fiber sheet was -1 kPa. A
stainless steel, 18 mesh perforated sleeve was used for
the outer peripheral surface of the suction drum 13. The
moisture content of the fiber sheet 24 in the regions
where moisture content was increased after the fiber
sheet 24 was sprayed with the high-pressure steam was
35%.

[0080]

The fiber sheet 24 was then transferred to the
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Yankee dryer 22 heated to 150°C and dried so that the
moisture content of the fiber sheet 24 was 5% or less.
The dried fiber sheet 24 was used as Example 1. The line
speed during production of Example 1 was 50 m/min.
[0081]

(Example 2)

‘Example 2 was produced according to the same method
as the production method of Example 1 with the exception
of making the pre-steaming fiber sheet moisture content
of the fiber sheet 24 in the regions where moisture
content was increased to be 60% by adjusting the amount
of water released from the sprayer 23 onto the fiber
sheet 24.

[0082]

(Example 3)

Example 3 was produced according to the same method
as the production method of Example 1 with the exception
of making the pre-steaming fiber sheet moisture content
of the fiber sheet 24 in the regions where moisture
content was increased to be 80% by adjusting the amount
of water released from the sprayer 23 onto the fiber
sheet 24.

[0083]

(Comparative Example 1)

Comparative Example 1 was produced according to the
same method as the production method of Example 1 with
the exception of not releasing water onto the fiber sheet
24 from the sprayer 23.

[0084]

(Examples 4 to 8)

Examples 4 to 8 were produced according to the same
method as the production method of Example 1 with the
exception of using a single steam nozzle 14 and changing
the line speed.

[0085]
(Examples 9 to 13)

Examples 9 to 13 were produced according to the same
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method as the production method of Example 1 with the
exception of using a single steam nozzle 14, making the
pre-steaming fiber sheet moisture content of the fiber
sheet 24 in the regions where moisture content was
increased to be 60% by adjusting the amount of water
released from the sprayer 23 onto the fiber sheet 24, and
changing the line speed.

[0086]

(Examples 14 to 18)

Examples 14 to 18 were produced according to the
same method as the production method of Example 1 with
the exception of using a single steam nozzle 14, making
the pre-steaming fiber sheet moisture content of the
fiber sheet 24 in the regions where moisture content was
increased to be 80% by adjusting the amount of water
released from the sprayer 23 onto the fiber sheet 24, and
changing the line speed.

[0087]

(Examples 19 to 22)

Examples 19 to 22 were produced according to the
same method as the production method of Example 1 with
the exception of changing the line speed.

[0088]

(Examples 23 to 26)

Examples 23 to 26 were produced according to the
same method as the production method of Example 1 with
the exception of making the pre-steaming fiber sheet
moisture content of the fiber sheet 24 in the regions
where moisture content was increased to be 60% by
adjusting the amount of water released from the sprayer
23 onto the fiber sheet 24, and changing the line speed.
[0089]

(Examples 27 to 30)

Examples 27 to 30 were produced according to the
same method as the production method of Example 1 with
the exception of making the pre-steaming fiber sheet

moisture content of the fiber sheet 24 in the regions
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where moisture content was increased to be 80% by
adjusting the amount of water released from the sprayer
23 onto the fiber sheet 24, and changing the line speed.
[0090]

(Examples 31 and 32)

Examples 31 and 32 were produced according to the
same method as the production method of Example 1 with
the exception of using a single steam nozzle 14, further
providing the steam nozzle 14 and the suction drum 13
such that the vertical positional relationship thereof
was inverted, making the pre-steaming fiber sheet |
moisture content of the fiber sheet 24 in the regions
where moisture content was increased to be 80% by
adjusting the amount of water released from the sprayer
23 onto the fiber sheet 24, and changing the line speed.
[0091]

The detailed production conditions used for the
aforementioned examples and comparative examples are
shown in Tables 1 to 3.

[0092]
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The fiber sheet thickness, dry tensile strength, dry
tensile elongation, wet tensile strength and wet tensile
elongation of the aforementioned examples and comparative
examples are shown in Tables 4 to 6.

{o096]



PCT/JP2012/075286

WO 2013/047863

38

[L600]

Lz ¢ P9 "¢ 69°0 TT°T G6°T Sv°1 0G°TT 6°22 820 98V T X dwod
9¢€°1¢ €5 1TZ 98°0 LT'T cL 8 €0°L £€C°¢ 69°§ 0L"0 9°G¥ € XH
8G°6¢ £€8°9¢ L8°0 S9°'T T9°8 gL L AR 89 L9°0 0"G¥ <" Xd
9881 £€8°GT SL'0 66°0 68°8 I6°F V¢ S0°9 c9°0 €'G¥ T Xd

ao an an an ao an an an

(%) (m GZ/N) (%) (umr Gz/N) (urur) (u/B)
uotilebuoTs yzbusaas uoTt3ebuoTa yazbusais ssauyoTyl Aap | 3ybteom sTseq

9TTSUS3 219M

9TTSu®] 18M

aTTsu=21 Aig

STTsu®1 Aig

199Us 19qTd

je9ys I18qTd

seTdwexy saTieaedwo) pue

seTdwexy JO uoT3eRHUOTH STISUS] 19M PuB yi1busiils STTSUS] 318M ‘UOT1eDUOTH STISUSDL

Az ‘yabusaig sTTsus] Kig

/SSOUNOTYL 399YUS IoqTd

‘3ybTeom sTsed 399ys I9qTd

[y oTg®el]




PCT/JP2012/075286

WO 2013/047863

39

{86001
0G°61 65°0¢ L9°0 00°T GO'TT GZ°'S F8°¢ rE"9 €670 T°¢E¥ 8T X4
GG °GZ F1°9¢ SL'0 €T AN 9T1°§ Gz ¢ LT 9 7S 0 S gd LT°Xd
Z6°0¢C €0°9T1 29°0 6T T TIT°6 8L°§ 0" ¢ GZ'9 06°0 A 971" xHd
£€8°¥¢ £8°0¢ 1670 1N ZL"9 6£°9 SL*°Z 8€°9 LGS0 8°'G¥ G1 x4
76" LC 96°¢¢ 16°0 0G6°T 76" L GZ°9 7o ¢ 09°9 T9°0 L'GF 1 X4
0z°¢c PT°91 960 6T T 91°8 6€ 9 LL™V €8° L 260 €°9¥ €T x4
82°9¢ 98°G6¢ 68°0 LT 68°6 GGG Z8°'¥ €8°L Z6°0 8°G¥ 1 %34
R4 8C 81 S8°0 Sp 1 GL"8 00°¢ AT 6G° L €60 9°%¥p TT x4
8G %2 8L EZ 780 7S T 90°6 €8° % AN £2°8 96°0 9°G¥p 0T X4
90°9¢ 90°€¢ 201 420" 06°€T 8€ "L 68" ¥ 0T"8 290 2 LY 6" XH
Z6°8T1 06702 SL°0 8¢°'T 6€°6 €TV 88" % 6C° L 0570 £°9% 8 x4
06761 68°¢Z G870 0e" 1 TT°0T 969 €8 7% TE L AS) 8°9% S L°Xd
00°8T LY ¥ve 9L°0 GE'T £€8°L 00°§ 0T ¥ LT°9 670 0°'9% 9 XY
82°9¢ 60" %2 GO0°'T Ly T 06°8 GG'9 ¥Z°'S LT"8 £5°0 6°9% G "xd
8L 61T 00°¢Z 99°0 A" 68°6 LY 9 G8°¢ €SP LGS0 < LY b xd

ao an aon an aon an ao an
(%) (uwr GZ/N) (%) (ur Gz /N) (urr) (,w/b)
uotraebuoTe yabusigs uorjebuoTe yabusias ssauxoTyl Aap | 3ybtom siseq
9TTSUS1 19M 9TTSU231 3I9M aTTsua1 Kig aT1Tsua3 Aag 199ys I9qTJd 193ys IaqTJd
seTdwexy JO uoTleHUOTH STTSUS] ISM PUB YlbusIlg STTSUD] 1I9M ‘uoTiebuoTd STTSU9]
A1q ‘yabusiig oTTsusy AIQ ‘sSsaudOTYL 3IS|YS IqTd ‘3Iybrem sTseq 3e9ys Iaqrd [§ oTqel]




PCT/JP2012/075286

WO 2013/047863

40

[6600]

ZC°EE 9887 96°0 6E€°T €5°8 91°9 cL € £5°9 £€9°0 S EF [ARRE!
ZL LT 68T 86°0 ET'T 00°8 A IC°¢€ TL'S 89°0 €' EF TE X3
6€°8¢ Fv 61 SO0°1T LT'T 06°0T L9 G6'F Z1°9 8G°0 1A 0€ %34
8L°0¢€ 00°8T I8°0 6T°T '8 L6°§ 01" ¢ TE" L I9°0 €' vb 62 X4
8L LZ T1°S7 16°0 87" 1T 6E 8 A4 £€G°€ Ly L 09°0 0°S¥P 8Z ¥4
£8°¢¢ ZZ 8T 68°0 ¢C'T €8 7T L9°8 60" % SC°L Z9°0 L'¥Y LT X4
05702 ZL'6T 8L°0 87V "1 9879 F9°q LT € PL"L 96°0 €' bP 9C X4
18°0¢ Ly Gc 08°0 79T 82°8 Ly 'S 9¢°¢ EL"L 7S'0 A4 SZ XU
SL €T 69°€2 T6°0 TL'T 6T L T1°S 67 "€ €6°9 86°0 L°S¥ AR
v L 6€'CC 86°0 65T SL'0T 90°9 6L ¥ oOL" L 09°0 0S¥ £ XY
8G° 8T S6°LT G9°0 Py T 8Z'S I1°§ LS ¢ £€9°'9 €570 8°S¥ T X4
SZ°0¢ Gz 9t £€6°0 0€"T Lvy"8 A 09°¢ 67" L G660 0S¥ 1Z2°%3
8C'8¢ Ly %2 §6°0 99°1 68°6 6T°9 L6°€E 67" L €570 8°S¥ 0z %4
Sv°6T LT 6T 89°0 €C"1 Pl L Pv°S 00" ¥ £€8°9 90 P S¥ 6T X3

ao “dKW ans an ao an ao an

(%) (umr Gz /N) (%) (ur gz /N) (unu) (;u/b)
uotT3ebUOTD yzbusigs uoT3iebuoTs yzbusiils ssauyoTyl Aip | ybrem sTseq
STTSuUa3} 18M STTSUS] 39M aTTISsu=23 Aaq 9TTSsua3 Axg 199ys I9q1d 399ys I9qTd

seTdwexy JO UOT3IRHUOTH STTSUSL I8M PuUL YIDPUSIIS STTISUSI 1I9M ‘UOTIRDUOTH OTTISUD]

Axzg ‘yabusais o1TSsusl Aig

/SSaUXDTYJ 199US IS8T

‘3ybteM sTsedg 399ys IoqTJd

[9 ®Tqel]




10

15

20

25

30

35

WO 2013/047863 PCT/JP2012/075286
- 41 - '

All of the fiber thicknesses of Examples 1 to 32
were greater than the fiber sheet thickness of
Comparative Example 1. 1In addition, all of theiwet
tensile elongations of Examples 1 to 32 were greater than
the wet tensile elongation of Comparative Example 1. As
a result, according to the method for producing non-woven
fabric according to the present invention, non-woven
fabric can be produced that is bulky and has flexibility
in a wet state.

[0100]

Moreover, a sample (Comparative Example 2) having a
moisture content of 40% throughout the entire fiber sheet
before spraying with steam was prepared by controlling
the temperature of drying dryer 20 and without applying
water from the sprayer 23. The moisture content of the
entire fiber sheet of comparative Example 2 after
spraying with steam and before finally drying was 31%.

In addition, the moisture content of the entire fiber
sheet of Example 1 was measured after spraying steam onto
it and before finally drying it. As a result, the
moisture content of Example 1 was 18%. As a result, a
large amount of energy was determined to not be required
to dry the fiber sheet according to the present invention
since the moisture content of Example 1 after spraying
with steam and before finally drying is low.

INDUSTRIAL APPLICABILITY

[0101]

Non-woven fabric produced according to the method
for producing non-woven fabric of the present invention
can be preferably used as cooking paper, paper towels,
tissue, wet tissue, non-woven fabric cleaning products
and the like.

[0102]

The disclosure regarding the present invention
described above may be summarized in the following
general description, which may be considered in isolatiop

of the exemplary embodiments above:
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(i) According to a first aspect, there is provided a
method for producing non-woven fabric, comprising: a step
for forming a fiber sheet on a support, a step for '
forming regions where the moisture content is increased
to a moisture content higher than the moisture content of
the fiber sheet, and a step for spraying high—pressure
steam onto the regions of the fiber sheet where moisture
content 1is increased.

The aspect described in the above item (i) may
include at least the following embodiments, which may be
taken in isolation or in combination with one another:

In the step for forming a fiber sheet the fiber
sheet may be formed by supplying a papermaking raw
material containing moisture to the support, wherein
there may be further provided a step for drying the fiber
sheet, and wherein in the step for forming regions where

the moisture content is increased, the moisture content

‘may be increased to a moisture content higher than the

moisture content of the fiber sheet that has been dried
by the step for drying the fiber sheet in a portion of
the fiber sheet dried by the step for drying the fiber
sheet.

The moisture content of the fiber sheet following
the drying step is preferably less than 10% and more
preferably 8% or less.

The papermaking raw material may comprise fibers
having a fiber length of 20 mm or less. All of the
fibers or some only of the fibers forming the fiber sheet
may have a length of 20 mm or less. _

The method may further comprise a step for spraying
high-pressure water streams onto the fiber sheet prior to
the step for drying the fiber sheet.

A plurality of high pressure water streams may be
arranged in a machine cross direction, each of the
streams being arranged to create a groove in an upper
surface of the fiber sheets, which extends in a machine

direction, such that the fiber sheet is provided with a
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plurality of grooves spaced from one another in the cross
machine direction and extending in the machine direction.
High-pressure water nozzles that are provided to

supply the high pressure water streams may have a hole

diameter of 90 um to 150 pm.

The hole pitch of the high-pressure water nozzles is
preferably 0.5 to 1.0 mm.

In the step for forming a fiber sheet the fiber
sheet may be formed by supplying a web to the support,
and wherein in the step for forming regions where the
moisture content is increased, the moisture content may
be increased to a moisture content that is higher than
the moisture content of the fiber sheet in a portion of
the fiber sheet.

The moisture content of the fiber sheet in the
regions of the fiber sheet where moisture content is
increased is preferably 10% to 80%.

The moisture content of the fiber sheet is
preferably increased only in the regions of the fiber
sheet where moisture content is increased with the
moisture content outside these regions not being altered
during the step for forming regions where the moisture
content is increased.

The plurality of regions where moisture content is
increased are preferably spaced from one another in the
cross machine direction of the fiber sheet and extend in
the machine direction of the fiber sheet.

The plurality of regions where moisture content is
increased may comprise lines that extend intermittently
in the machine direction.

A plurality of regions where the moisture content of
the fiber sheet is not increased are preferably provided
between adjacent regions where the moisture content is
increased.

In the step for forming regions where moisture
content is increased, the regions where moisture content

is increased are preferably formed in a portion of the
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fiber sheet by applying water or an agqueous solution to
the fiber sheet using a sprayer.

The sprayer is preferably able to intermittently
release water or an aqueous solution.

In the step for forming regioné where moisture
content 1s increased, the regions where moisture content
is increased may be formed in a portion of the fiber
sheet by bringing the fiber sheet in close proximity to
openings from which water or an aqueous solution are
discharged from a tube containing water or an aqueous
solution.

In the step for forming regions where moisture
content is increased, the regions where moisture content
is increased may be formed in a portion of the fiber
sheet by passing the fiber sheet between moisture-
imparting rollers that include a roller having a
patterned portion in the outer peripheral surface thereof
through which water or an aqueous solution is allowed to
seep out.

A plurality of streams of high-pressure steam may be
provided, arranged in one or more rows in a cross machine
direction of the fiber sheet, each of the streams being
arranged to create a groove in a surface of the fiber
sheet, which extends in a machine direction, such that
the fiber sheet is provided with a plurality of grooves
spaced from one another in the cross machine direction
and extending in the machine direction.

Bulky portions may be formed either side in the
cross machine direction of each of the grooves formed by
the high-pressure steam.

The hole diameter of the steam nozzle is preferably
larger than the hole diameter of the high-pressure water
nozzles.

The hole pitch of the steam nozzle is preferably
larger than the hole pitch of the high-pressure water
nozzles.

The grooves formed by the high-pressure water
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streams and the grooves formed by the streams of high-
pressure steam are preferably arranged such that a
plurality of the grooves formed by the high-pressure
water stfeams lie between each pair of the grooves formed
by the streams of high-pressure steam in the cross
machine direction. All of the grooves are preferably
parallel to one another.

The moisture content of the fiber sheet after being
sprayed with the high-pressure steam is preferably 35% or
less.

The temperature of the high-pressure steam is
preferably higher than the temperature of a drying dryer
used in the step for drying the fiber sheet.

The temperature of the high-pressure steam is

preferably 130°C to 220°C.

The steam pressure of high-pressure steam is
preferably 0.3 MPa to 1.5 MPa.

Preferably, in the step for spraying high-pressure
steam onto the fiber sheets, high-pressure steam is
sprayed from a single steam nozzle or plural steam
nozzles. The distance between the end of the steam
nozzle and the upper surface of the fiber sheet may be
1.0 to 10.0mm. The diameter of the holes in the steam

nozzle may be 150 um to 600 pum. The hole pitch of the
steam nozzle may be 1.0 to 10.0mm. The holes of the
steam nozzle may be arranged in a single row extending in
the cross machine direction or in two or more rows. Two
or more holes in the steam nozzle spaced in the cross
machine direction may constitute groups of holes, and
these groups of holes of the steam nozzles may be
arranged in the.cross machine direction at a prescribed
hole pitch.

In the step for spraying high-pressure steam onto
the fiber sheets, the high-pressure steam that passes
through the fiber sheets is suctioned at a suction force
of -1 kPa to -12 kPa.

BRIEF DESCRIPTION OF THE REFERENCE SYMBOLS
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PCT/JP2012/075286

1,1D Non-woven fabric production device

11 Raw material supply head

12 High-pressure water nozzle
13 Suction drum

14 Steam nozzle

15 Suction box

16 Fiber sheet forming conveyor
17 Suction pickup

18,19 Fiber sheet transport conveyors
20,22 Drying dryers

21 Winding machine

23 Sprayer

24 Fiber sheet

31 High-pressure water streams
32 Grooves

41 Fiber sheet forming belt

51 High-pressure steam

52 Grooves

54 Bulky portions

241 Regions where moisture content is

increased
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1. A method for producing non-woven fabric,
comprising:
a step for forming a fiber sheet on a
support,

a step for forming regions where the
moisture content is increased to a moisture content
higher than the moisture content of the fiber sheet, and

a step for spraying high-pressure steam
onto the regions of the fiber sheet where moisture
content is increased.

2. The method for producing non-woven fabric
according to claim 1, wherein in the step for forming a
fiber sheet the fiber sheet is formed by supplying a
papermaking raw material containing moisture to the
support, wherein there is further provided a step for
drying the fiber sheet, and wherein in the step for
forming regions where the moisture content is increased,
the moisture content is increased to a moisture content
higher than the moisture content of the fiber sheet that
has been dried by the step for drying the fiber sheet in
a portion of the fiber sheet dried by the step for drying
the fiber sheet.

3. The method for producing non-woven fabric
according to claim 1, wherein in the step for forming a
fiber sheet the fiber sheet is formed by supplying a web
to the support, and wherein in the step for forming
regions where the moisture content is increased, the
moisture content is increased to a moisture content that
is higher than the moisture content of the fiber sheet in
a portion of the fiber sheet.

4. The method for producing non-woven fabric
according to claim 2, further comprising a step for
spraying high-pressure water streams onto the fiber sheet
prior to the step for drying the fiber sheet.

5. The method for producing non-woven fabric

according to claim 4, wherein a plurality of high
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pressure water streams are arranged in a machine cross
direction, each of the streams being arranged to create a
groove in an upper surface of the fiber sheet, which
extends in a machine direction, such that the fiber sheet
is provided with a plurality of grooves spaced from one
another in the cross machine direction and extending in
the machine direction.

6. The method for producing non-woven fabric
according to any of claims 1 to 5, wherein the moisture
content of the fiber sheet in the regions of the fiber
sheet where moisture content is increased is 10% to 80%.

7. The method for producing non-woven fabric
according to any of claims 1 to 6, wherein the plurality
of regions where the moisture content is increased
comprise lines that extend in the machine direction of
the fiber sheet and are spaced from one another in the
cross machine direction of the fiber sheet, and wherein
regions where the moisture content of the fiber sheet is
not increased are provided between adjacent pairs of
regions where the moisture content is increased.

8. The method for producing non-woven fabric
according to any of claims 1 to 7, wherein in the step
for forming regions where moisture content is increased,
the regions where moisture content is increased are

formed in a portion of the fiber sheet by applying water

" or an aqueous solution to the fiber sheet using a

sprayer.

9. The method for producing non-woven fabric
according to claim 8, wherein the sprayer is able to
intermittently release water or an aqueous solution.

10. The method for producing non-woven fabric
according to any of claims 1 to 7, wherein in the step
for forming regions where moisture content is increased,
the regions where moisture content is increased are
formed in a portion of the fiber sheet by bringing the
fiber sheet in close proximity to openings from which

water or an aqueous solution are discharged from a tube
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containing water or an aqueous solution.

11. The method for producing non-woven fabric
according to any of claims 1 to 7, wherein in the step
for forming regions where moisture content is increased,
the regions where moisture content is increased are
formed in a portion of the fiber sheet by passing the
fiber sheet between moisture-imparting rollers that
include a roller having a patterned portion in the outer
peripheral surface thereof through which water or an
aqueous solutioh is allowed to seep out.

12. The method for producing non-woven fabric
according to any preceding claim, wherein a plurality of
streams of high-pressure steam are provided, arranged in
one Oor more rows 1n a cross machine direction of the
fiber sheet, each of the streams being arranged to create
a groove in a surface of the fiber sheet, whiéh extends
in a machine direction, such that the fiber sheet is
provided with a plurality of grooves spaced from one
another in the cross machine direction and extending in
the machine direction.

13. The method for producing wet tissue according
to claim 12, wherein bulky portions are formed either
side of each of the grooves in the cross machine
direction.

14. The method for producing wet tissue according
to claim 12 or 13 when dependent on any of claims 4 to
11, wherein a hole diameter of a steam nozzle, which
produces the streams of high-pressure steam is larger
than the hole diameter of high-pressure water nozzles,
which produce the high pressure water streams and the
hole pitch of the steam nozzle is preferably larger than
the hole pitch of the high-pressure water nozzles.

15. The method for producing wet tissue according
to claim 12, 13 or 14 when dependent on any of claims 4
to 11, wherein the grooves formed by the high-pressure
water streams and the grooves formed by the streams of

high-pressure steam are preferably arranged such that a
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plurality of the grooves formed by the high-pressure
water streams lie between each pair of the grooves formed
by the streams of high-pressure steam in the cross

machine direction.
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