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POROUS SHEET, ABSORBENT . ARTICLE USING POROUS SHEET *

AND MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

.. The ..present invention relates to a porous sheet hafrihg
an uneven surface and a plurélity of .through_ holes formed
therein, an absofbent article using the porous sheet as a
Surface sheet dr én’ _exterior sheet, ai_nd a manufacturing method
of the porbus sheet.
Description of the Related Art

In absbrbent article of .thé prior art, such as sanitary |

napkin or”disposable diaper, there has been used a sheet formed
with an uneven surface (e.g., corrugated surface) as a surface
sheet covering the liquid-receiving side of an absorbent layer.
In this case, in order to permit blood, urine or the like to
pass through it to the absorbent layer, and in order to prevent
the blood, urine or the like absorbed in the absorbent layer

from flowing back to the wearer’s skin, the surface sheet is

- formed of a hydrophobic non-woven fabric or resin film which

is formed with a number of through holes.

The hydrophobic non-woven fabric or resin film is also
used fér an exterior sheet appearing on an outer surface of
thedisposablediaper. Especially, whentheresin film is used,
it is typical to form the through holes in order to provide
good air permeability and whereby to prevent a portion of human

body where the diaper is applied, from being stuffy.
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- Furthermore, employing a sheet deformed into a corrugated

configuration as the exterior sheet, soft feeling may be

| 'provided for better appearance. -

Conventionaliy, when a sheet having a corrugated
configuraﬁion or the like and haVing a plurélity of through
holes is.formed, the step of shaping the sheet by ﬁeans of a
mold-which is provided with an uneven surface is performéd-
separately from the step of forming the pluralify of through
holes in the shéet. | |

However, by separately performing'the-step_of shaping'

- the sheet to have an uneven surface and the step of forming.

”the'plurality of through holes, the following problems are

encountered.

At first, when a plurality of through holes are formed
after shaping the sheet to have an uneven surface (e.gq.,
corrugated surface), the unevenness formed in the sheet is
possibly crushed during a pin press process, which is typically
performed in the through hole forming step, to thereby decrease
the top-bottom height of the unevenness in the sheet after
formation of the through holes. As a result, cushioning
properties of the sheet may be degraded or the appearance may

not provide soft feeling.

On the other hand, it is also possible that a number of

through holes are firstly formed by pin pressing a flat sheet

or by stretching a flat resin film containing filler, and then
the flat sheet thus ha\}ing the through holes is clamped by molds

to have an uneven surface. 1In this case, however, a part of
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or all of the through holes are crushed by the molds for forming

the unevenness to lower the open area ratio.

SUMMARY 6F_THE INVENTION

The preseht invention has an object to prm._ride a porous
sheet having é sufficient fop-bottom' height iﬁ unévenness
without causing crushing 6f_ through holes for achievi.ng_l both |
of .high cushioning properties and sufficiently high open area
ratio, and aﬁ absorbent article using the porous shéei:. -

Another object of the present invention is to provide
é manufactu_fing method qf all' porbué ‘sheet which can perform
formation of an uneven surface and formation of thr.ough holes
simultaneously.

According to a first aspect of the present invention,
there is provided a porous sheet having an hneven surface and
a plurality of through holes formed therein, comprising a sheet
including a higher density region and a lower density region,
one of which is interspersed in another, wherein the sheet is
elongated to form the uneven surface simultaneously with the
through holes at the boundary portions between the higher
density region and the lower density region.

The porous sheet according to the first aspect of the
invention is elongated (or stretched) to have a predetermined
unevén surface shape as a finished product. Upon elongation
of the sheet, moreover, the through holes are formed due to
the density différence between the higher density region and

the lower density region. Since the through holes are formed
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utilizing elongation of the sheet, a great number of throigh

holes can be formed while maintaining the unevenness in

- sufficient height. Also, the open area ratio can be maintained

high.
For example, the sheet may be a non-woven fabric, inwhich
a plurality of higher density regions are formed to be

interspersed in the rest portion as the lower density region,

~ so that the through holes are formed at the boundary portions

between the higher density regions énd the rest portion to be
interspersed corresponding to the higher density'regions.

In the above, it may be pbss ible that the non-woven fabric |
includes thérﬁoplastic. ‘resin fibers,. and that the
thermoplastic resin fibers are thermally fused only in the
higher density regions or more firmly in the higher density
regions than in the rest portion.

When the.sheet is formed of the non-woven fabric, it is
preferred that a density ratio of the lower density region to
the higher density region in the non-woven fabric is greater

than or equal to 1% and smaller than or equal to 70% for

. facilitating formation of the through holes.

In an alternative, the sheet may be a film formed of a
thermoplastic resin, in which a filler or an aggregate thereof
is provided to form the higher density region, the filler having
a higher density than the thermoplastic resin and having no
compatibility with the thermoplastic resin, so that the through
holes are formed at the boundary portions between the filler

and the thermoplastic resin.
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In another alternative, the sheet may be a film formted
by admixing at least two kinds of thermoplastic resins having
substantially no compatibility with each other and having

mutually different densitiés, so that the through holes are

'formed at the boundary portions between the thermoplastic

resins Hﬁﬁing different densities.

In still another alternative, the sheet may be a fllm.
formed of a thermoplastic re51n, in which v01ds or portlons
where density of the thermoplastic resin is locally lowered
are interspersed, so that the through holes are formed at the
voids or the portions.whére density of the thermoplastic résin
is locally lowered.

For- example, it is possible that.the uneven éﬁrface is
of a corrugated configuration, and that the thréugh holes are
elongated in a direction along which corrugations are repeated
(i.e., in a direction along which the sheet is elongated upon
formation of the corrugated configuration).

Alternatively, concavity and convexity may be repeated
in at least two directions on the sheet surface.

According to a second aspect of the present invention,
there is provided an absorbent article having a surface sheet
provided on a liquid-receiving side of an absorbent layer, or
having an exterior sheet provided on an opposite side of a
liquid-receiving side of an absorbent layer. The surface sheet
or the exterior sheet is forméd of the porous sheet as set forth

above.

According to a third aspect of the present invention,
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there is provided a method for manufacturing a porous sheéet

having an uneven surface and a plurality of through holes formed
therein, comprising the steps of:
providing a blank sheet having a higher density region

and a lower density region, one of which is interspersed in

- another; and

clamping the sheet bet'we'en_' forming dies having uneven

surfaces mutually meshing with each other to form the sh_eét :

‘with an uneven surface while being elongated along the uneven

surfaces of the forming dies, whereupon the sheet is formed

with a plurality' of through holes at the boundary portions

‘between the highér .density tegion and the lower density region

due to thé elongation at formation of the uneven surface.
| In the porous shéet manufacturing méthod, formation of
the unevenness and formation of the plurality of through holes
can be performed simultaneously in the same process step.
For example, the sheet may be a non-woven fabric, in which
a plurality of higher density regions are formed to be
interspersed in the rest portion as the lower density region.
In this case, it is possible that the non-woven fabric includes
thermoplastic resin fibers, and that the thermoplastic resin
fibers are thermally fused only in the higher density regions
or more firmly in the higher density regions than in the rest
portion.
In the case where the forming dies are designed for
forming the non-woven fabric with a corrugated configuration,

corrugations of which are repeated and arranged in a machine
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direction of the non-woven fabric, a breaking elongation*of

the non-woven fabric in the machine direction is preferably

set to be greater than or equal to 50% and smaller than or equal

to 100% (more preferably, greater than or equal to 70% and

smaller than or equal to 100%) of an elongation percentage of

the non-woven fabric in the machine direction upon formation
of the cérrugations by. the forming dies. '

In the case where the.forming dies are désigned for
.forming the non-ﬂroven fabric with a corrugated cbnfiguration_,
corr_ugat_ions of which are repeated and arrénged'in a cross
direction of“tlhe_non-woven fabric, on thé other hahd, a density

ratio of the lower density region to the higher density region

- in the non-woven fabric is preferably greater than or equal

to 1% and smaller than or equal to 55%, and a breaking elongation
of the non-woven fabric in the cross direction is preferably
set to be greater than or equal to 15% and smaller than or equal
to 100% (more preferably, greater than or equal to 20% and
smaller than or equal to 70%) of an elongation percentage of
the non-woven fabric in the cross direction upon formation of
the corrugations by the forming dies.

In an alternative, the sheet may be a film fofmed of a
thermoplastic resin, in which a filler or an aggregate thereof

is provided to form the higher density region, the filler having

~a higher density than the thermoplastic resin and having no

compatibility with the thermoplastic resin.
In another alternative, the sheet may be a film formed

by admixing at least two kinds of thermoplastic resins having
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substantially no compatibility with each other and having
mutually diffefent densities.

In still another alternative, the sheet may be a film
formed of a thermoplastic resin, in which voids or portions
where density of the thermoplastic resin ié 1ocally lowered

are interspersed.

BRIEF DESCRIPTION OF THE DRAWINGS

Thé presént invention will be understood more fully from
the detailed description given hereinafter and from the
accdmpanying draWings of fhe'preférred embodiment of thé
present invention, Which} however, should not be taken to be
limitative to the invention, but are for explanation and
understanding only.

- In the drawings:

Fig; 1A is a perspective view of a sheet having higher
density regions and a lower density region;

Fig. 1B is a perspective view of a porous sheet after
processing;

Fig. 2 is a perspective view showing a processing step
employing shaping rolls;

Fig. 3 is a sectional view showing an uneven shaping

surface of the shaping roll;

Fig. 4 is a section of a non-woven fabric formed with
unevenness;
Fig. 5A is an enlarged plan view showing a through hole

when the non-woven fabric is elongated in MD;
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Fig. 5B is.an enlarged plan view showing a through hdle
when the non-woven fabric is elbngated in CD;

Fig. 6 is a diagrammatic illustration showing a
relationship between a wunit width ‘load and 'elongation
percentage;

‘Fig. 7 is a perspective view of a sanitary napkin as an

absorbent article using a porous sheet; and

Fig. 8 is a perspective view of a disposable diaper as

an absorbent article using a porous sheet.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The ptesent_invention will be'discussed.hereinafter in
detail in terms of the preferred embodiment of the.present
invention with reference to the accompanying drawings. In the
following description, nuinerous specific details are set forth
in order to provide a thorough understanding of the present
invention. It will be obvious, however, to those skilled in
the art that the present invention may be practiced without
these specific details. In other instance, well-known
structure is not shown in detail in order to avoid unnecessary
obscurity of the present invention.

Fig. 1A is a perspective view of a sheet having higher
density regions and a lower density region; Fig. 1B is a
perspective view of a porous sheet after processing; Fig. 2
is a perspective view showing a processing step employing
shaping rolls; Fig. 3 is a sectional view showing an uneven

shaping surface of the shaping roll; Fig. 4 is a section of
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a non-woven fabric formed with unevenness; Fig. 5A is “*an

enlarged plan view showing a through hole (or opening) when

-the non-woven fabric is elongated in MD; Fig. 5B is an enlarged

plan view showing a through hole when the non-wovén fabric is
elongated J.n CD; and Fig. 6 is a diagrammatic _illustration'
showing a r_élétidhship between a unit width load an'dl elongation
percentage. | |

Fig. 1A shows a sheet 1 before shaping process (before
processing). As shown as black dots, higher density regions |
2 having a higher density than that of the rest portion, are
interspersed in the sheet 1. The rest portion othér than the
higher density rééions 2 is referred to as a lower density region
3 having a lower dens ity than that of the higher density regions
2. A density ratio Iderived from (density of lower density
region 3)/(density of higher density region 2) is preferably
in a range of greater than or equal to 1% to less than or equal
to 70%. An area ratio of the higher density region 2 in the
entire surface of the sheet is preferably in a range of greater
than or equal to 5% to smaller than or equal to 20%.

In the invention, the sheet 1 may be formed of either
a non-woven fabric or a film of thermoplastic resin.

When the sheet 1 is formed of a non-woven fabric, the
higher density regions 2 can be formed by locally applying

pressure under heat (i.e., by heat embossing). In this case,

it is preferred that the non-woven fabric is formed only of

thermoplastic resin fibers (fusible fibers) or is formed of

the thermoplastic resin fibers together with other fibers. 1In
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such a non-woven fabric containing the thermoplastic resin
fibers, the higher density regions 2 can be formed by locally
heating and pressurizing the non-woven fabric to thereby
thermally fuse 'the thermoplastic resin fibers. In an
alternative, the higher density regions 2 may be formed such .
that the thermoplastic resin fibers are thermally fused both

in the higher density regions 2 and the lower density region

- 3 but more firmly in the higher dens ity regions 2. The non-woven -

fabric containing the thermoplastic resin fibers may be
exemplified by e'point-bonded'non¥woven fabric using short'
fibers or_e spun-bonded non-woven fabric using long fibers.
Also, the higher density regions 2 may be formed by lbcaliy
heating and pressurizing a through-air_non-woven fabric, a
melt-blowﬁ non-woven fabric or the like.

As the thermoplastic resin fibers forming the non-woven

fabric, use can be made of fusible synthetic fibers such as

. those of PE (polyethylene),' PP (polypropylene) or PET

(polyethylene terephthalate) or core-sheath type or side-
by-side type composite synthetic fibers such as those of PE/PP
or PE/PET.

In an alternative, the higher density regions 2 may be
formed by locally heating and pressurizing a non-woven fabric
not containing thermoplastic resin fibers such as a spun~laced
non-woven fabric formed of rayon or the like. In this case,
the constituent fibers are n..ot thermally fused but compressed
in the higher density regions 2. In another alternative, the

higher density regions 2 may be formed by applying resin such
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~as an adhesive to be interspersed on any one of the varidus

non-woven fabrics thus far described.
Here, when the higher density region 2 is formed by

locally heating and pressurizing the non-woven fabric ,' the

'dens'.ity ratio can be derived by basis weight (this may be

referred to as “ Metsuke” ) of the non-woven fabric and
thi.c.kness of .the hi'ghér density region 2, and thé' basis wéight_ |
and thickness of the lower density region 3. Smaller dénsity'
fatio represénts' higher density in the 'higher density regién
2 relative to the density of the lower density région 3.

On the other hand, whéh the sheet 1 is formed of a film
formed of thermoplastic resin, such as polyblefin type or the |
like, a filler may be admixed in the thermoplastic resin forming.

the film so that individual filler or aggregate of the filler

may form the higher density region 2. In such case, the filer

may be inorganic material having no compatibility with the
thermoplastic resin forming the £ilm and having a certain grain
size, such as silica gel, carbon black, or metal filler.
Fig. 2 shows shaping rolls 10 and 11 to be used for forming
a porous sheet 1A having an uneven surface from the sheet 1.
The shaping rolls 10 and 11 have mutually the same
construction and have surfaces formed with a plurality of
shaping ribs (linear emboss or stripe emboss) 12 and 13
extending in parallel .to axes of the rolls 10 and 11 (Y
direction). The shaping ribs 12 and 13 are arranged with a given
pitch in the circumferential direction. The shaping rolls 10

and 11 are heated. When the sheet 1 is formed of the non-woven
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fabric of thermoplastic resin .fibers or the film “of
thermoplastic resin, surface temperature of the shaping ribs
12 and 13 is. set at a temperature lower by 10°C to 50°C than
the melting point of the thermoplastic resin fotming the
non-woven fabric or film.

The lower shaping roll 10 and the upper shaping réll 11
are combined to mesh the shaping ribs 12 and 13 with each éther.
Namely, the shaping .ribs 12 of the lower shaping roll 10 may
penetraf_e into grooveé 15 def ined between adjacent shaping ribs
13 of the upper shaping roll 11, and the shaping ribs 13 of
thé upper shaping roll 11 may 'penetrafe into groovés 14 defined
between adjacent shaping fibs 12 of the lower shaping roil 10.

When the sheet 1 is supplied _betweén the rolls 10 and
11 in the condition where the shaping roll 10 and the shaping
roll 11 are in rotation, the shéet 1 is clamped by the shaping

ribs 12 and the shaping ribs 13 to obtain the porous sheet 1A

formed with the uneven surface 4. In the porous sheet 1A, ridge

portions and valley portions of the uneven surface 4 are
repeated at a given pitch in a feeding direction of the sheet
by the shaping rolls 10 and 11 (X direction) and are extended
individually in a width directién of the porous sheet 1A (Y
direction). Namely, the uneven surface 4 of the porous sheet
1A is of a.corrugated or wavy configuration (stripe emboss
pattern). Fig. 4 is an enlarged section 6f the porous sheet
1A formed of the non-woven fabric.

Fig. 3 is the section showing a shape of the shaping rib

12 of the shaping roll 10. As can be seen from Fig. 3, the
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shaping rib 12 has trapezoidal cross-section. The shaping 2ib °
13 of the shaping roll 11 also has the same cross-sectional.
shape as shown in Fig. 3.

The sheet 1 having density difference is clamped between
the shaping roll 10 and the shaping roll 11. Then, the sheet
1 is claxﬁped between the shaping rib 12 and the shaping rib
13 and is elongated (or stretched) in the feeding direction
(X direci:ion) . In Fig. 3, an arrangement pitch of the shapihg
ribs 12 (or. 13) in the circumferential direction is indicéted
at Xa, and a iength along tﬁe uneven surface of the shaping
roll 10 (or 11) in the pitch IXa is indicated at Xb. When the
sheet 1 is clamped by the shaping ribs 12 and 13, theréfdre;
the sheet 1 is elongated from the length Xa to the length Xb

in the X direction.

Accordingly, elongation percentage of the sheet 1 in the

X direction can be expreésed by
{(Xb - Xa)/Xa} x 100 (%)

In practice, the sheet 1 may not be elongated from the length
Xa to the length Xb occasionally due to slippage between the
sheet 1 and the shaping ribs 12 and 13. However, in the
following disclosure, the elongatién percentage of the sheet
1 by the shaping rolls is referred to the value derived from
the foregoing expression on thé basis of Xa and Xb derived from
the sectional shape of the shaping ribs 12 and 13.

By setting a ratio of breaking elongation in the feeding



10

15

20

25

- 15 =

direction (X direction) of the sheet 1 to the foregolng

elongation percentage within a predete'rmined range and by

-setting a density ratio of the lower density region 3 to the

hlgher density reg:Lon 2 within a predetermined range, when the
sheet 1 is elongated through holes 5 are formed malnly in the
lower density region 3 due to rupture caused at t_he boundary_
between the highér déns ity regionl 2 and the lower density region
3, as shown in Fig. 1B. The through holes 5 are elongated in
the elongating difeétion of the sheet 1 | (X direction)'.' -in the
po'rous sheet iA after formation,_ the through holes 5 are
distributed 'correspohding to all of or most of the higher
density regions 2. |

Fig. 6 illustrates elongation-load Characteristié
curves of thfeé kinds of sheets (samples 21, 22 and 23) having
the higher density regions 2. These samples were elongated in
one direction. In Fig. 6, a vertical axis represents a tensile
load per a unit width (unit is inch or cm), and horizontal axis
represents an elongation (expressed by elongation percentage).
Assuming that a length of the sample before elongation is L

and a length of the sample after elongation by a predetermined

unit load is (L + AL), the elongation percentage is expressed
by:

(AL/L) x 100 (%)

In the individual characteristic curves, (i) indicates

a yield point where tensile force of the sheet becomes maximum;
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(ii) indicates a breaking point where rapture of the sheet'is
stlarted and subsequently fapture is expanded.. The elongation
percentage at the breaking point (ii) represents breaking
elongation, and the load on the unit width at the breaking point
(ii) represents breaking load.

Here, it is assumed that the elongation pércentage by
the shaping rolls 10 and 11 of Fig. 2 for formimj (or shaping)

the uneven surface 4 on the sheet 1 is set at €. At this time,

since the breaking elongation (or the elongation percentage

at the breaking point) of the sample 21 is too small with respect
to the elongation percentage &€, the sample 21 breaks into pieces

as fed by the shaping rolls 10 and 11. In the sample 23; on
the other hand » the elongating percentages at the yield poirit
(i) and at the breaking point (ii) are sufficiently higher than

the foregoing elongation percentage & . Therefore, the

elongation percéntage € is in a range where the sample 23 can

elastically stretch. As a result, when processed by the
shaping rolls 10 and 11, the sample 23 can be formed with the
corrugated uneven surface 4 but not with the through holes 5.

Incontrast to this, the breaking elongation of the sample

22 is lower than but sufficiently close to the elongation
percentage &£. RAccordingly, when the sample 22 is processed
by the shaping rolls 10 and 11 to form the uneven surface 4,
rapture is caused at the boundary between the higher density

region 2 and the lower density region 3 and subsequently

elongated, so that the through holes 5 are distributed
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corresponding to the higher density regions 2. *

It should be noted that although thé preferred breaking

~elongation of the sheet 1 relative to the elongation percentage

&€ may vary depending upon property of the sheet 1, the density

- difference between the higher density region 2 and the lower

density region 3 and so on, the through hole 5 can be formed
by appropriately setting the breaking elongation within a range
of at least 20% to at most 100 $ the elongatiqn percentage €.

It should be noted that it is possible to prepare the

 sheet 1 of a thermoplastic resin film without 'usi'ng 'any filler.

For'exampl_e, the sheet 1 may be prepared by forming a
film of a. blended'resi_n. (pblymer alloy, polymer blend) which
contains two or more kinds of thermoplastic résins having
sufficiently low (or substantially no) compatibility with each
other and mutually different densities. In this case, by
foming the uneven surface 4 by the shaping rolls 10 and 11,

the through holes 5 can be formed at the boundary of the resins

having mutually different densities.

In an alternative, the sheet 1 may be prepared by forming
a film of thermoplastic resin to have voids or portions where
density of the thermoplastic resin is locally lowered
interspersed therein. Such voids or lower density portions can
be formed by admixing foaming agent in the thermoplastic resin.
In this case, when the sheet 1 is éhaped with the shaping rolls
10 and 11, the voids are expanded or rupture occurs at the lower
density portions to form the through holes 5.

Fig. 4 is a section of the corrugated uneven surface 4
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in which the sheet 1 is formed of a non-woven fabric. When the
non-woven fabric is clamped by the shaping rib 12 of the shaping
roll 10 and the shaping rib 13 of the shaping roll 11 and thus
_is ‘subject to a Stripe embdssing process, the fiber density
becomes higher in the ridge portions 4a and the valley portions
4b than in the side wall portions 4c. As a result, when ldlad

is applied from the above, the side wall portions 4c of a lower

fiber density are allowed to expand sidewardly to provide soft

| féeling as contacting with a skin of human.body. on the other
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hand, when the load is removed, the original condition i_é
restored elasticaliy. In short, the corrugatéd uneven surface
4 can exhibit elastic cushioning properties.

Figs. 5A and 5B show the higher density r.egion 2 and the
through hole 5 in an enlarged scale. When the sheet 1 is formed
of a non—woveh_ fabric, the liquid, as has been given to the
lower density region 3, is drawn to the higher density region
2 to flow into the through hole 5 through the circumferential
portion of the higher density region 2. Thus, the liquid can
easily pass through the sheet. Accordingly, the porous sheet
1A becomes optimal for use as a surface sheet of an absorbent
article, such as sanitary napkin, disposable diaper and so on.

Fig. 7 is a perspective viéw showing a sanitary napkin
30 as one example of an absorbent article using the porous sheet
1A.

In the sanitary napkin 30, an absorbent core (or absorbent
layer) 33 is sandwiched between a liquid permeable top sheet

31 and a liguid impermeable back sheet 32. On the top sheet
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31, there is provided a surface sheet which is formed of the
porous sheet 1A. In an alternative, the porous sheet 1A may
be directly.disposed on the liquid-receiving surface of the
absorbent core 33, in place of the top sheet 31. When the porous
sheet 1A is used as the surface sheet, agreeable feeling may

be provided as contacting with skin of the wearer, and menstrual

blood can be absorbed in the absorbent core 33 through the

through holes 5.

When the porous sheet 1A is formed of a non-woven fabric,

it is preferably formed of hydrophobic fibers or fibers

subjected to a hydrophobic treatment. Alternatively, the
porous sheet 1A may be formed of.a hydrophobic resin film to
have the through holes 5 therein. When the porous-'sheet 1A.is
hydi'ophobic', the menstrual blood absorbed in the absorbent core
33 hardly returns toward the wearer to avoid sticky feeling
of the liquid-receiving surface.

In the embodiment shown in Fig. 7, the uneven surface

4 of the porous sheet 1A is of corrugations repeated in the

longitudinal direction of the sanitary napkin 30, the ridge

'portions and valley portions of which extend in the width

direction of the sanitary napkin 30. Accordingly, the
menstrual blood given to the porous sheet 1A will pass 'through
the through holes 5 to be absorbed in the absorbent core 33
while being prevented from spreading in the longitudinal
direction of the sanitary napkin 30. Thus, leakage of

menstrual blood in the longitudinal direction can be prevented

effectively.
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It may also be possible to provide the porous sheet®lA
in Such a manner that the uneven surface 4 is of corrugations
repeated in the width direction and the ridge portions and
valley portiohs thereof extend in the longitudinal direction.

Fig. 8 is a perspective view of an example where the porous
sheet 1A is used in a disposable diaper 40.

In the dispésable diapef'40, an absorbent core 43 is
sandwiched between a liquid pérmeable top sheet 41 and a liquid .
impermeable back sheet 42. The disposabie diaper 40 is a

so-called “ pants type” dispdsable diaper formed with a waist

- opening 44 and a pair of leg openings 45 and 45. However, the

porous sheet according to the present invention is also

applicable fof an open type disposable.diaper.

As an exterior sheet of the disposable diaper 40, the
porous sheet 1A is provided on the surface of the back sheet
42. The porous sheet 1A may also be used in place of the back
sheet 42 covering the outer surface of.the absorbent core 43.
The porous sheet 1A used as the exterior sheet is formed of
a hydrophobic non-woven fabric or hydrophobic resin film to
have the through holes 5. Since the exterior sheet has the
through holes 5, good air permeability can be provided. On the
other hand, since the exterior sheet has the uneven surface
4, soft appearance can be provided.

It should be noted that, while the uneven surface of the
porous sheet 1A is of corrugations repeated in one direction
in the shown embodiment, it is also possible to provide

unevenness repeated in at least two directions (e.g., in both
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of X and Y directions). For instance, the porous sheet may'be

“embossed to. have a plurality of circular or quadrangular

projecting portions repéated regularly or irregqularly on its
surface..
[Examples 1] _

Using the shaping roll 10 and the shaping roll 11 having
the_unéven surfaces of thé stripe emboss pattern shown in Fig.
2, the following treatment of non-woven fabrics of the example
1 and comparative examples.was performed. ‘In.the example 1,
the non-woven fabric was fod orienting the machine'direofion
thereof in the feedlng direction (X direction) of the shaplng
rolls 10 and 11 to perform formation of the corrugated uneven
surface 4, and in conjunction therew1th, formation of the
through holes 5.

| The shaping ribs.12 and 13 of the shaping rolls 10 and
11 used in the foregoing process had trapezoidal cross-section

as shown in Fig. 3. A surface temperature of the shaping rolls

10 and 11 was set at 100°C. By pressurization of the shaping

rolls 10 and 11, a pressure of 27.46 kPa was applied to perform

formation.

In the shaping rolls, Xa was 1.36 mm, and Xb was 3.0 mm.

Therefore, the elongation percentage was
{(Xb - Xa)/Xa} x 100 = 120.6 (%)

(Example 1)

A spun-bonded non-woven fabric formed of core-sheath type
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composite synthetic fibers (long fibers) of PE/PP, having basis

weight of 30 g/m? was used. The higher density regions 2 were
formed by pin embossing to be interspersed as shown in Fig.
1A. The elongation-load characteristics shown in Fig. 6 was
that breaking load in MD was 35.28N per one inch width, breaking
elongation in MD was 97% and density ratio was _64%..
(Comparativé Exampie 1)

A spun;bonded'non-woven fabric formed of core-sheath type
composii:e synthetic fibers (16ng fibers) of PE/PP, having“basis
weight of 30 g/m’ was used. Breaking elongation in MD was 150%

and density ratio was 60%. Since the breaking elongation in

"MD was  high, its brea'king load in MD could not be measured.

(Comparative Example 2)
A spun-bonded non-woven fabric formed of fibers (long

fibers) of PP, having basis weight of 22 g/m’ was used. Breaking

- load in MD was 28.42N per one inch width, breaking elongation

in MD was 41% and density ratio was 52%.
(Comparative Example 3)

A'spun—bonde.d non-woven fabric formed of fibers (long
fibers) of PP, having basis weight of 20 g/m* was used. Breaking
load in MD was 17.84N per one inch width, breaking elongation
in MD was 16% and density ratio was 50%.

(Comparative Exampie 4)

A point-bonded non-woven fabric formed of core-sheath
type composite synthetic fibers (short fibers) of PE/PP, having
basis weight of 20 g/m’ was used. Breaking load in MD was 10.78N

per one inch width, breaking elongation in MD was 20% and density
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ratio was 60%. : o

(Evaluation)
Concerning formability of unevenness, one, in which a

corrugated uneven surface was formed, was evaluated as
acceptable or good and indicated by "O", and one, in which a

corrugatedunevensurfacewasnotformedandbreakageorrapture
was caused in the portions other than the through holes 5 of
the sheet, was evaluated as not acceptable or no good and
1ndlcated by ng.

Concerning formablllty of through holes, one, in which
the through holes 5 were formed in greater than or equal to
6'_0%' of the higher density regions 2, was evaluated as acceptable |
or good and indicated by AC)", and one, in which the through
holes 5 were formed less than 60% of the higher density regions
2 or the through holes 5 were never formed, was evaluated as
not acceptable or no good and indicated by "X".

The following table 1 shows the results of evaluation.

TABLE 1
Sample Breaking Breaking Density Unevenness Through
Elongation (%) Elongation/ Ratio Formability -Hole
Elongation (%) Formability
Percentage (%)
Ex. 1 97 80.4 64 O @)
Comp. 1 - 150 124.4 60 @) X
Comp. 2 41 34.0 _ 52 X O
Comp. 3 16 13.3 50 X O
Comp. 4 20 16.6 60 X @)

In the comparative example 1, since the elongation




10

15

20

25

- 24 -

percentage by the shaping rolls 10 and 11 was sufficiently
greater than the breaking elongation of the sheet, breakage
or rapture was not caused at the boundary between the higher

density region 2 and the lower density region 3 upon formation

of unevenness. Therefore, the through hole 5 was not formed.

'In the comparative examples 2 and 3, since the ratios
of fhe breaking elongation (elongation percentage at break)
to the elohgation perc_:énﬁage (120.6%) were as 19w as less than
50%, the sheets were broken without formation of the corrugated
une&eh'sufface upon formation by the shaping rolls 10 and 11.

| In contrast to thié, in ﬁhe éxample 1, the ratio of the |
breaking elongation to the elongation peréentage (120;6%)-was
appropriate, as 80.4% to demonstrate superior unevenness
formabilitj and through hole formability.

As seen from the above, when the non-woven fabric is
elongated (stretched) in the machine direction (MD) as shown
in Fig. 5A to form the corrugated uneven sﬁrface and at the
same time, to form the through holes ,‘ the ratio of the breaking
elongation to the elongation = percentage exerts a more
significant influence than the density ratio. In order to form
the unevenness in MD and simultaneously form the through holes,

it is preferred that the ratio of the breaking elongation to

- the elongation percentage is in a range greater than or equal

to 50% and smaller than or equal to 100%, further preferably

in a range greater than or equal to 70% and smaller than or

equal to 100%.

[Examples 2]
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Using the shaping roll 10 and the shaping roll 11 having
the uneven surfaces of the stripe emboss pattern shown in Fig.
2, the.following treatment of non-woven fabrics of the examples
and comparative éxamples was performed. In the example 2, the

non-woven fabric was fed orienting the cross direction (CD)

thereof in the feeding direction (X direction) of the'shaping

rolls 10 and 11 to pérform formation of the corrugated uneven
surface 4, and in conjunction therewith, formation of the
through holes 5. |

The shaping ribs 12 and 13 of the shaping rolls 10 and
11 used in the foregoing process had trapézoidal cross-~section
as shown in Fig. 3. A surfage temperature of the shapiﬁg rolls
10 and 11 was set at 100°C. By pressurization 6f-the shaping

rolls 10 and 11, a pressure of 27.46 kPa was applied to perform

formation.

In the shaping rolls, Xa was 1.36 mm, and Xb was 3.0 mm.

Therefore, the elongation percentage was 120.6 (%).

(Example 2a)

A spun-~bonded non-woven fabric formed of PP fibers (long
fibers), having basis weight of 22 g/m’ was used. The higher
density regions 2 were formed by pin embossing to be
interspersed as shown in Fig. 1A. The elongation-load
characteristics shown in Fig. 6 was that breaking load in CD
was 7.06N per one inch width, breaking elongation in CD was
53% and density ratio was 52%.

(Example 2b)

A spun-bonded non-woven fabric formed of PP fibers (long
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fibers), having basis weight of 20 g/m* was used. Breaking ldad
in CD was 5.49N per' one inch width, and breaking'elongatio.:m
in CD was 27% and density ratio was 50%.

(Comparative Example 2a)

A point-bonded non-woven fabric formed of core-sheath

type composite synthetic fibers (short fibers) of PE/PP, having

basis weight of 20 g/m? was used; Breaking load in CD was 1.47N

per one inch _width,_ and breaking elongation in CD was 55% and
density ratio was 60%.
(Comparative Examﬁle 2b)

A spun-bonded non-woven faﬁric formed of core-sheath type
composite synthetic fibers (long fibeis) of PE/PP, having basis
weight of 30 g/m* was used. Bteéking load in CD was 12.35N per

one inch width, and breaking elongation in CDh was 110% and

. density ratio was 64%.

(Evaluation)

Concerning formability of unevenness, one, in which a
corrugated uneven surface was formed, was evaluated as
acceptable or good and indicated by "O", and one, in which a
corrugated uneven surface was not formed and breakage or rapture
was caused in i:he portions other than the through holes 5 of
the sheet, was evaluated as not acceptable or no good and
indicated by "X". One, in which uniformly corrugated uneven
surface was not formed as a whole, was evaluated as

indeterminable and indicated by "A™".

Concerning formability of through holes, one, in which

the through holes 5 were formed in greater than or equal to



10

15

20

- 27 -

60% of the higher density regions 2, was evaluated as acceptaBle
or good and indicated by "O", and one, in which the through
holes 5 were formed less than 60% of the higher dénsity regions
2 or the through holes 5 were never formed, was evaluated as
not acceptable or no good and indicated by "X". One, in which
throurjh holes wére fcrméd .but were interspersed randon'\ly. in

the lower dens ity_ region 3 not at the boundary between the higher

density region 2 and the lower density region 3, was evaluated
as indeterminable and indicated by "A~".

Thé foilowing table 2 shows the results of evaluation.

TABLE 2
Sample Breaking Breaking Density Unevenness Through
Elongation Elongation/ Ratio Formability Hole
(%) Elongation (%) Formability
Percentage(%)

Ex. 2a 53 43.9 52 (@) O

Ex. 2b 27 22.4 50 o) o)
Comp. 2a 55 45.6 60 A A
Comp. 2b 110 51.2 64 O X

In the comparative example 2a, since the density ratio
was too high, namely, the density of the higher density region
2 was too low, the through holes were not formed at the boundary
between the higher density region 2 and the lower density region
3 and rather formed were cracks 51ashing the fibers in the lower
density region 3, and thus the shape of the uneven surface was
not formed uniformly. The comparative example 2b had an

appropriate ratio of breaking elongation to the elongation

percentage but since the density ratio was too high, namely
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the density of the higher density region 2 was too low, no
apparént through hole was formed.

When formation of unevenness and formation of through
hoies are performed by strétching the non-woven fabric in CD,
as in the above, the load for stretching acts in CD (or the
direction perpendicular to MD albng_ which the indiVidual_ fibers -
éxtend) . Therefore, the through holes 5 are formed by.
sepérating fibers, as located at t_he'boundary between .the higher
density rec_jion 2 and the lower density region 3, from one anoi:he_r
in CD. For the function set forth above, the through'hdle
formability is significantly influenced bj dénsity ratio.
Furthermore, it becomes necesséry'to approbriétély'set_the
ratio of the breaking elongation to the elongation percentage.
Accordingly, as seen from the table 2, in the elongation in
CD, it is preferred that the density ratio is greater than or
equal to 1% and less than or equal to 55%, and the ratié of
the breaking elongation to the elongation percentage is greater
than or equal to 15% and less than or equal to 100%, and more
preferably greater than or equal to 20% and less than or equal
to 70%. . '

Here, it should be noted that the shaping rolls may have
shaping ribs each extending continuously in  the
circumferential direction and arranged at an given pitch in

the roll axis direction for elongating the non-woven fabric

'in CD. In this case, the non-woven fabric can be fed orienting

its MD in the feeding direction of the shaping rolls so that

the productivity is improved.
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As set forth above, according to the present inventidn,
the porous sheet superior in the.unevenness formability and
high in the opexi areé ratio can be obtained. On the other hand,
formation of unevenness and formation of through holes in the
sheet can be performed in the same process step simultaneously.

Although the present inventiori.has been illustrated and

described with respect to exemplary embod iment thereof, it

‘should be understood by those skilled in the art that the

foregoing and various other changes, omission and additions

'x'nay' be made therein and théreto, without departing from the

spirit and scope of the present invention. Therefore, the

present invention should not be understood as limited.to the

' specific embodiment set out above but to include all possible

embodiments which can be embodied within a scope encompassed
and equivalent thereof with respect to the feature set out in

the appended claims.
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WHAT IS CLAIMED IS: | :
1. A porous sheet having an uneven surface and a plurality
of through holes formed therein, comprising

a sheet including a higher density region and a lower

"~ density region, one of which is interspersed in another,

wherein the sheet is elongated to form the uneven surface

simultaneously with the through holes at the boundary portions

between the higher density region and the lower density region.

2. The porous sheet as set forﬁh in cléim 1, wherein 'the.
sheet is a non-woven fabric, in which a pluraliﬁy 6f higher
dehsity regions are formed to be interspersed- in the rest.
portion as the lower density region, so that the through.holes
are formed at the boundary portions between the higher density
regions and the rest portion to be interspersed corresponding

to the higher density regions.

3. The porous sheet as set forth in claim 2, wherein the
non-woven fabric includes thermoplastic resin fibers, and the
thermoplastic resin fibers are thermally fused only in the
higher density regions or more firmly in the higher density

regions than in the rest portion.

4. The porous sheet as set forth inclaim 2, wherein adensity
ratio of the lower density region to the higher density region
in the non-woven fabric is greater than or equal to 1% and

smaller than or equal to 70%.
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5. The porous sheet as set forth in claim 1, wherein the
sheet is a film formed of a thermoplastic resin, in which a
filler or an aggregate thereof is provided to form the higher
density region, the filler having a higher density than the
thermoplastic resin and having no compatibility with the
thermoplastic resin, so'that_the through holes are fo;med at
the boundary portions between the filler and the thermoplastic

resin.

6.  The porous sheet as set forth in claim 1, wherein the

sheet is a film formed by admixing at least two kinds of

- thermoplastic resins having substantially no compatibility

with each other and having mutually different densities, so

that the through holes are formed at the boundary portions

‘between the thermoplastic resins having different densities.

7. The porous sheet as set forth in claim 1, wherein the
sheet is a film formed of a thermoplastic resin, in which voids
or portions where density of the thermoplastic resin is locally
lowered are interspersed, so that the through holes are formed
at the voids or the portions where density of the thermoplastic

resin is locally lowered.

8. The porous sheet as set forth in claim 1, wherein the
uneven surface is of a corrugated configuration, and the through
holes are elongated in a direction along which corrugations

are repeatéd.
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9. The porous sheet as set forth in claim 1, wherein
concavity'and convexity are repeated in at least two directions

on the sheet surface.

10. An absorbent article having a surface sheet provided on
a liquid-receiving side of an absorbent layer, the surface sheet
being formed of a porous sheet having an uneven surface and'_
a plurality of through holes formed therein, the porous sheet
comprising ' |
a sheet in’cluding a higher density region and a lower
density region, one of which is interspersed in another,
wherein thé sheet is elongat'ed to form the uneven surf&ce |
simultaneously with the through holes at the boundary portions

between the higher density region and the lower density region.

11.  An absorbent article having an exterior sheet provided
on an opposite side of a liquid-receiving side of an absorbent |
1ayér, the exterior sheet being formed of a porous sheet having
an uneven surface and a plurality of through holes formed
therein, the porous sheet comprising

a sheet including a higher density region and a lower
density region, one of which is interspersed in another,

wherein the sheet is elongated to form the uneven surface
simultaneously with the through holes at the boundary portions

between the higher density region and the lower density region.
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12. A method for manufacturing a porous sheet having *an
uneven surface and a plurality of through holes formed therein,
comprising the steps of:

.providing a blank sheet haﬁing a higher density region
ané a 1o§er density region, one of which is interspersed in
another; and |

clémpihg the sheet between fotminé dies having ungven
surfaces mutually meshing with each other to form the sheet

with an uneven surface while being elongatéd along the uneven

surfaces of the forming dies, whereupon the sheet is formed

with a plurality of throﬁgh holes at the boundary portions
between the higher density région_'a'nd. the lower density region

due to the-elongation at formation of the uneven surface.

13. The porous sheet manufacturing method as set forth in
claim 12, wherein the sheet is a non-woven fabric, in which
a plurality of higher density regions are formed to be

interspersed in the rest portion as the lower density region.

14. The porous sheet manufacturing method as set forth in
claim 13, wherein the non-woven fabric.includes thermoplastic
resin fibers, and the thermoplastic resin fibers are thermally
fused only in the higher density regions or more firmly in'the

higher density regions than in the rest portion.

15. The porous sheet manufacturing method as set forth in

claim 13, wherein the forming dies are designed for forming
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the non-woven fabric with a corrugated configuration,

.corrugations of which are repeated and arranged in a machine

‘direction of the non-woven fabric, and

wherein a breaking elongation of the non-woven fabric
in the machine direétion is set to be greater thén or equal .
to.SO% and smaller than or equal to 100% of an elongation
percentagé of the non-woven fabric in the machiﬁe difection

ﬁpon formation of the corrugations by the forming dies.

16. The poroué sheet manufacturing method as set forth in
claim 13, wherein the forming dies are designed for forming
the non-woven fabric with a corrugated 'édnfiguration,
corrugations of which are repeated'and'arranged“in_a cross
direction of the non-woven fabric, and

wherein a.density ratio of the lower density region to
the higher density region in the non-woven fabric is greater
than or equal to 1% and smaller than or equal to 55%, and a |
breaking elongatidn of the non-woven fabric in the cross
direction is set to be greater than or equal to 15% and smaller
than or equal to 100% of an elongation percentage of the
non-woven fabric in the cross direction upon formation of the

corrugations by the forming dies.

17. The porous sheet manufacturing method as set forth in

claim 12, wherein the sheet is a £film formed of a thermoplastic

- resin, in which a filler or an aggregate thereof is provided

to form the higher density region, the filler having a higher
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density than the thermoplastic resin and having “no

éompatibility with the thermoplastic resin.

18. The porous sheet manufacturing method as set forth in
claim 12, wherein the sheet is a film formed by admixing at

least two kinds of thermoplastic resins having substantially

‘no compatibility with each other and having mutually different

densities.

19. The porous sheet manufacturing method as set forth in |
claim 12, wherein the sheet is a film formed of a thermoplastic
resin, in which voids or portions where density of the

thermoplastic resin is locally lowered are interspersed.



