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FLEXIBLE SHEET USED FOR DISPOSABLE SANITARY ARTICLE

This invention relétes to a flexible sheet suitable as
important stock material for disposable sanitary articies,
particdiérly for disposable body fluid absorbent sanitary
articles such as disposable diapers or sanitary napkins.

Fig. 6 in the accompanying drawings is a perspective view
showing a soft touch exhibiting microapertured plastic sheet
110 disclosed by Japanese Patent Application Disclosure No.
1987-57551. This plastic sheet 110 is adapted to be used as
both the top- and backsheets of disposable diapers and made by
feeding relatively thin_unprocessed.plastic sheet onto a
wire-mesh belt and then processing the sheet with high pressure
liquid jet streams.

The microapertured plastic sheet 110 is formed on its
surface destined to be placed against a wearer's skin with a
plurality of cylindrical projections 120 which are formed, in
turn, on tﬁeir tops with microapertures 125. Pe:ipheral edge
of the microaperture 125 is fringed like pe.tals. The sheet 110
is described therein to exhibit a cloth-like touch and a
lusterless appearance.

In general,'a soft touch exhibited by the plastic sheet

used in disposable diapers or sanitary napkins when the sheet
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comes in contact with the wearer's skin is evaluated on the basis
of the soft touch exhibited by woven or nonwoven fabrics madé
of natural of synthetic fiber.

Taking account of the fact that the plastic sheet of prior
art has the cylindrical projections formed at their tops with
the microapertures which are frihged along their peripheral
edges like petals, certainly a cloth-like soft touch will be
obtained as the wearer's skin moves to rub the fringed
peripheral edges. ﬁowever, the cylindrical projections
themselves have a stiffness substantially higher than a
stiffneés of the fringed peripheral edges and it is apprehended
that the sheet might be even stiffened rather than being
softened by forming the sheet with a plurality of such
cylindrical projections. Therefore, it is not easy for the
plastic sheet of prior art to exhibit a high softness offered
by woven or nonwoven fabrics. |

While the plastic sheet of prior art is described to
exhibit a lusterless appearance since the peripheral edges of
the respective microapertures are-fringed like petals, outer
peripheral surfaces of the cylindrical projections 120 as well
as the flat zones defined between each pair of the adjacent
cylindrical projections 120, 120 are left as a serious factor

enhancing a lustrous appearance of the sheet 110.
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An object of this invention is to provide a flexible sheet
.used for disposable sanitary articles improved to exhibit a
comfortably soft touch, on one hand, and a surface appearance
having luster sufficiently alleviated.

According to this invention, there is provided a flexible
sheet for a.disposable sanitary article. | The flexible sheet
is made of flexible plastic sheet having top and bottom surfaces
and a thickness of 0.001 ~ 0,05 mm, said flexible sheet including
a plurality of substantially plane regions extending in
parallel one to another in one direction each having a width
0of 0.03 ~ 1 mm and a plurality of aperture-arrays intermittently
arranged in the one direction, each lying between each pair of
the adjacent aperture-arrays, each of the apertufe-arrays
including a plurality of individual apertures each having a
width of 0.07 ~ 1 mm and a length cdrresponding to 1.5 or more
times of the width so that. the plane regions and the
aperture-arrays are alternatively arranged in the direction
orthogonal to the one direction. Each pair of adjacent
aperture regions having the aperture-array therebetween are
connected to each other by a plurality of bridge regions
extending from these adjacent plane regions across the
aperture-array. Each of the plane regions is provided at least |

along a part of its zone defining the apertures extending in
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the one direction with a plurality of regions rising on a top
surface of thg sheet so as to form a substantially irregular
undulation and a plurality of trough regions each defined
between each pair of adjacent rising regions in the one
direction wherein, of the rising regions formed on. the flexible
sheet, the rising regions defining on both sides thereof the
trough regions each having a depth of at least 0.01 mm are
distributed at a density of at least 500/cm’.

The flexible sheet according to this invention is
provided with a plurality of aperture-arrays extending in
one direction and provided on its upper side with a plurality
of fine and easily deformable rising regions irregqularly
undulating along the peripheral edges of the respective
aperture-arrays at a density' of at least 500 rising regions per
1 cm? so that each of the rising regions defi_nes on its both
sides the trough regions having a depth of at least 0.01 mm,
respectively. The rising regions distributed at such high
density on its upper side give the top surface of the flexible
sheet a soft comfortable touch and make the sheet lusterless.
These rising regions are effective also to improve the water

repellency of the sheet's top surface.

Fig. 1 is a perspective view depicting a flexible sheet



according to this invention;

Fig. 2 is a sectional view taken along line II - II in
Fig. 1;

Fig. 3 is a sectional view taken along line III - III in
Fig. 1;

Fig. 4 is a fragmentary view depicting a part of FJ.g 2
in an enlarged scale;

Fig. 5 is a perspective view depicting a composite sheet
using the flexible sheet according to this invention; and

Fig. 6 is-a perspective view exemplarily depicting the

plastic sheet of prior art.

A flexible sheet proposed by this invention as one of
stock materials for making disposable sanitary art-icles will
be more fully understood from the description given .hereunder
with reference to the accompanying drawings.

A flexible sheet 1 shown by Fig. 1 in a perspective view
comprises a plastic sheet sui)jected to a process of perforation
using high pressure water jet streams having a plurality of
substantially plane regi;)ns 8 extending in parallel one to
another in a direction indicated by a double-headed arrow Y,
a plurality of aperture4arrays 11 each defined between a pair

of adjacent plane regions 8, 8 so as to extend in the
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direction Y and including apertui:es 9, bridge-like regions 10
extending across the pair of adjacent plane regions 8, 8
and rising regions 12 formed along peripheral apertures 9 and
rising on respective top surface 13 of the plane regions 8. A
term “th:_i.ckne_ss of the flexible sheet 1" used herein should be
understood to be a thickness of the plane regions 8 maintaining
an initial shape of the plastic sheet.

Figs 2 and 3 are sectional views taken along lines II -
II and III - III in Fig. 1, respectively. The plane region 8
of the flexible sh.eet 1 has a thickness of 0.001 ~ 0.05 mm, each
pair of respective apertures 9, 9 are spaced from each other
by a width W, of 0.03 ~ 1 mm. A plurality of the apertures 9
are arranged intermittently in the direction Y, preferably each
having a widthW,of 0.07 ~ 1 mm and a length corresponding to
1.5 times or more the width W,. The bridge-like regions 10
extending across the respective aperture-arrays 11 are arranged
intermittently in the direction Y and include the bridge-like
regions (10A) extending from the top surfaces 13 of the
respective plane regions 8 so as to describe circﬁlar arcs being
convex upward or downward and the bridge-like regions (10B)
being as plane as the regions 8. Preferably, each of the
bridge-like regions 10 has the minimum width W, of 0.001 - 2

mm in the direction Y.
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The rising regions 12 are formed by folding partially the
plane regions 8 upwardly of the top surfaces 13 along peripheral
edges of the respective apertures 9. Eachof the rising regions
12 has a thickness being the same as or less than the thickness
of the plane region 8 The rising region 12 has a proximal end
16 being contiguous to the plane region 8 and a distal free end
17 being tapéred from the proximal end 16 upward. Edges 17 of
the distal free ends 17 undulate at least in the directions ¥
of the direction X and the direction Y. For example, in the
embodiment illustrated by Fig. 2, the edges 17A comprise those
having oblique sides 21 ascending substantially rightward and
those having oblique sides 22 ascending substantiélly leftward.
These oblique sides 21, 22 intersect each other to form pointed
apices 23 of the respective rising regions 12. A height H as
measured from the top surfaces of the plane regions 8 to the
apices 23 is 0.01~2mm. A trough region 24 is defined between
each pair of fhe adjacent rising regions 12, 12. The trough
region 24 has a bottom 26 and a depth D of the trough region
24 corresponds to a vertical distance as measured from the apex
23 to the bottom 26.

Fig. 4 is a scale-enlarged diagram showing a portion of
Fig. 2 surroupded by an imaginary line in order to illustrate

a manner in which each of the rising regions 12 is defined
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according to this invention. The _rising region 12 herein
‘illustrated comprises a relatively large rising subregion 12A
and a relatively small rising subregion 12B wherein the apex
23 of this rising region 12 comprises a first apex 23A of the
rising subregion 12B. A first trough subregion 24A is defined
on the left side of the first rising subregion 12A, a second
trough subregion 24B is defined between the first rising
subregion 12A and the second rising subregion 12B and a third
trough subregion 24C is defined on the right side 6f the second
rising subregion 12B. The first ~ third trough subregions 24A
~ 24C have first ~ third bottoms 26A ~ 26C, respectively. Values
of depth b as measured from the first apex 23A to the first and
second bottoms 26A, 26B are designated by d, e, respectively,
and values of depth D as measured from the second apex 23B to
the second and third bottoms 26B, 26C are designated by £, g,
respectively. These values d, e, £, g should be at least 0.01
mm. The first rising subregion 12A has a leftward ascending
oblique side 22 from which a small projection 27 extending
upward so that a relatively shallow trough region 28 is defined
between the first apex 23A and the projection 27. A value of
depth ] as measured from the first apex 23A to a bottom 28 of
this trough region 28 is less than .0.01 mm. It should be

understood that such shallow trough having its depth less than
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0.01 mm is not counted as one trough subregion of the trough
region 24 defining each of the rising region 12. Similarly,
the projection 27 having on its right or left side such shallow
trough region 28 is not counted as one rising subregion of the
rising region 12. The first rising subrégion 12A is counted
as one rising subregion inclusively of the associated
projection 27 and the trough region 24 defining such first
rising subregion 12A should be understood to comprise the first
and second trough subregions 24A, 24B formed on both sides of
the first rising subregion 12A each having the depth D of at
least 0.01 mm. The depth £ of the second trough subregion 24B
as measured from the second apex 23B of the second rising
subregion 12B also is at least 0.01 mm. While the first rising
subregion 12A has small projections 31, 32 on its rightward
ascending oblique side 21, these projections 31, 32 also are
counted as the rising subregions .defining the rising region for
the same reason as has been described with respect to the
pfojection 27.

Under the definition as has been described above, the
- flexible sheet 1 is formed with at least 500, preferably 1500
or more rising regions in the average per 1 cm?’. With a
preferable embodiment of the flekible sheet 1, each of the

‘plural plane regions 8 has a substantially uniform width W,
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comprises a plurality of the plane regions 8 and each of the
plural aperture-arrays 11 also has a substantially uniform
width W,. These plane regions 8 and the aperture-arrays 11
alternate in the di;ection X in Fig. 1 and the rising regions
12 are closely arranged in the direction Y. The number of the
rising regions 12 may be counted by observing the sheet 1 along
its edge extending in the direction ¥ aé shown in Fig. 2 using
a microscope at appropriate magnifications, for example, 100
magnifications. Specifically, the average number p of the
rising regions 12 per unit length along the direction ¥. The
flexible sheet 1 may be observed at the same magnifications
along its edge extending in the direction X as shown in Fig.
3 to count the average number g of the ap_ex;ture—arrays 11 per
unit length along the direction X. Two arrays of the rising
regions 12 extending in the direction Y are associated with eaéh
of the aperture-arrays 11 and therefore a total number of the
rising regions 12 of the flexible sheet 1 per unit area can be
obtained, so far as the number of the rising regions 12 arranged
in the direction X is neglected, from an equétion:

t=pxqgqx 2.

A total number of the rising regions 12 per 1 cm® is given
by an equation as will be described.

T=px (10/2) x g x (10/2) x 2 =pxqgx 2 x 25
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where p and q are the average numbers of the rising regions 12
per 2 mm, respectively. The flexible eheet 1 having a height
of at least 0.01 mm and the relatively thin rising regions 12
closely arranged at a high density of 500/1 cm’ presents a
velvet-like soft touch since the rising regions 12 are easily
deformable. These fine rising regions 12 closely arranged and
irregularly shaped as has been described above advantageously
make the flexible sheet 1 lusterless by diffused reflection
occurring on themselves. Furthermore, most of the rising
regions 12 are normally kept rising on the top surfaces 13 of
the respective plane regions 8 and apt to lean in the direction
of the double-headed arrow X thereby to cover the plane regions
8 so that the flexible sheet 1 may exhibit an appearance of rough
surface in spite of the presence of the plane regions 8.
Consequently, so-called plastic-like luster otherwise
exhibited bj the plastic 'sheet is effectively alleviated. Such
undesirable plastic-like lueter can be further alleviated by
adopting the flexible sheet added with grains of titaniumoxide,
barium suifate or the like.

The presence of the rising regions 12 closely distributed
over the flexible sheet 1 enlarges a contact angle with a drop
of water and thereby improves a water repellency of the sheet

1. For example, the sheet 1 made of a polyethylene sheet having
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a thiCkness of.7,un1and a contact angle of 99° may'be provided
with the rising regions 12 at a density of 500 or more per 1
cm’ to enlarge the contact angle of the sheet 1 to 105° or larger.
This sheet 1 may be used as a breathable water repellent sheet
suitable for disposable diapers, sanitary napkins or the like.
The inventors measured the contact angle of the sheet 1 using
an optical contact angle meter (Model CA - SMII manufactured
by KYOWA INTERFACE SCIENCE CO., LTD.).

Fig. 5 is a perspective view showing a composite sheet
100 including the flexible sheet 1 as the important component.
Since the flexible sheet 1 itself is relatively thin in the plane
regions 8 as well as in the rising regions 12, it would be
difficult to handle the flexible sheet 1 in the course of a
process for making disposable diapers or sanitary napkins if
the flexible sheet 1 along is used as the topsheet. One of the
characteristic peculiar to the flexible sheet 1 that the sheet
1 is easily torn along the aperture-arrays 11 makes it further
difficult to handle the this sheet 1. There is still another
problem that the flexible sheet 1 is apt to cling to a diaper-
or napkin-wearer's skin under the effect of static electricity
and can not be easily separated from the skin. To overcome these
problems, a fibrous-layer 2 is bonded to the bottom surface 14

of the flexible sheet 1 as shown so that the flexible sheet 1
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may be thickened without impairment of the property expected
for the rising regions 12 and at the same time a tear strength_
of the flexible sheet 1 may be improved. In this way, handling
of this sheet 1 is effectively facilitated.

The fibrous layer 2 used for this purpose preferably has
a basis weight of 2 ~ 100 g/m’ and formed by thermoplastic
synthetic fiber, chemical fiber such as rayon fiber, a mixture
of these synthetic fiber and chemical fiber or a mixture of these
synthetic fiber, chemical fiber and natural fiber such as cotton
fibef or pulp fiber. Preferably, the fibrous layer 2 is
provided in the form of nonwoven fabric made of the suitable
types of fiber as have been enumerated above or a mixture thereof
and having a desired flexibility. More preferably, the fibrous
layer 2 in the form of nonwoven fabric. méde of thermoplastic
synthetic fiber having a fineness of 0.1 ~ 15 deniers. An
example of such nonwoven fabric is nonwoven fabric made of melt
blown fiber.

When the composite sheet 100 is used as the liquid-
pervious topsheét for disposéble diapers or sanitary napkins,
it is preferable that the flexible sheet 1 is hydrophilic and
has a breathability of the composite sheet 100 in the direction
of its thickness in a range of 5 ~ 700 cm®*/cm? * sec as measured

in accordance with JIS(Japanese Industrial Standards)-L-1096
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and a water resistance in a range of 0 ~ 200 mm as measured in
accordance with JIS-L-1092. The flexible sheet 1 and the
fibrous layer 2 may be bonded together using a technique of heat-
or ultrasonic-sealing or suitable adhesive such as hot melt
adhesive.

When the flexible sheet 1 alone or the composite sheetl_
100 is used as the liquid-pervious topsheet for a body fluid
absorbent sanitary articles such as disposable diapers or
sanitéry napkins, body fluids discharged on the articles flows
on the respective plane regions 8 in the direction indicated
by the arrow Y through each pair of the adjacent rising regions
12, 12 into the apertures 9. For example, body fluids are gquided
through the trough region 24 into the apertures 9 as indicated
by an arrow F in Fig. 1 and then rapidly absorbed by the core.
In other words, the rising regions 12 arranged along the
peripheral edges of the respective apertures 9 do not cause body
fluids to stay on the top surface of the flexible sheet 1 or
the composite sheet 100.

The flexible sheet 1 of the composite sheet 100 using the
flexible sheet 1 as its important component can be used not only
as the breathable water-repellent topsheet of disposable
diapers or sanitary napkins but also as the l-iquid—pervious or

water-repellent topsheet for the other article such as training
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pants, diapers for the incontinent, Various pads or gowns used
in medical side. For use as the water-repellent topsheet, the
flexible sheet 1 is preferably of hydrophobic nature and the
composite sheet 100 preferably includes the fibrous layer 2 made

of hydrophobic fiber.
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WHAT IS CLAIMED IS: | NWORA N O
* ¢ L M s o«

1. A flexible sheet used as stock material for disposable
sanitary article comprising:

said flexible sheet being made of a flexible plastic sheet
having top and bottom surfaces and a thickness of 0.001 ~ 0,05
mm, said flexible sheet including a plurality of substantially
plane regions which extend in parallel one to another in one
direction each having a width of 0.03 ~ 1 mm and a plurality
of aperture-arrays intermittently arranged in said one
direction, each lying between each pair of the adjacent
aperture-arrays, each of said aperture-arrays including a
plurality of individual apertures each having a width of 0.07
~ 1 mm and a length corresponding to 1.5 or more times of said
width so that-said plane regions and said aperture-arrays are
alternatively arranged in the direction orthogonal to said one
direction;

each pair of adjacent said plane regions which has said
aperture-array therebetween being connected to each other by
a plurality of bridge regions extending from these adjacent
plane regions across said aperture-array; and

each of said plane regions being profided at least along

a part of its zone defining said apertures extending in said



T O U

one direction with a plurality of regions rising on a top surface
 of said sheet so as to forma substantially irregular undulation
and a plurality of trough regions each defined between each pair
of adjacent said risihg regions in sai& one direction wherein,
of said rising regions formed on said flexible sheet, the rising
regions defining on both sides thereof said trough regions each
having'a depth of at least 0.01 ﬁm.arecdistributed at.a density

of at least 500/cm?.

2. The flexible sheet according to Claim 1, wherein
respective apices of said rising regions lie at a height of 0.01

~ 2 mm above said top surface of said plane regions.

3. The flexible sheet according to Claim 1, wherein said
flexible sheet is provided on its bottom surface with a fibrous
layer having a basis weight of 2 ~ 100 g/m’ bonded thereto so

as to form a composite sheet.

4. The flexible sheet according to Claim 1, wherein said

flexible sheet is of hydrophobic nature.

5. The flexible sheet according to Claim 3, wherein said

fibrous layer is formed by hydrophobic fiber.



