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ABSTRACT

A disposabla diaper 1 has an absorbent core 4. The core
4 contains therein hydrophilic fibers 26 of 30 - 70 wt$% and
super-absorbent polymer particles 30 of 70 — 30 wt.%. 0of the
super-absorbent particles 30, first super-abgorbent polymer
particles 27 having a relatively long 1iqﬁid—absorbing duration
lying in a middle zone of the core 4 as viewed in a transverse
direction as well as in a thickness direction of the core 4 to
form a polymer phase 31 and second super-absorbent polymer
particles 28 having a relatively shoxt 1liquid-absorbing
duration lying in the core 4 above, helow and laterally outside
the polymer phase 31 to form a mixture phase 32 contaianing

therein the hydrophilic fibers 26 mixed therewith.
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1A
DISPOSABLE DIAPER

This invention relates to disposable diapers for absorption and

containment of excrement.

Japanese Patent Publication No. 1977-20692A disclosed several
embodiments of a body fluid absorbent core used in a sanitary napkin, each
including fluff pulp fibers and super-absorbent polymer particles. These
embodiments include the core including the super-absorbent polymer particles
and the fluff pulp fibers homogeneously mixed together and the core including
a layer of aggregated super-absorbent polymer particles and two layers of fluff
pulp fibers sandwiching the layer of polymer particles from above and below,
respectively.

A water holding capacity of the super-absorbent polymer particles is
substantially higher than a water holding capacity of fluff pulp fibers and use of
the super-absorbent polymer particles is effective to prevent a so-called rewet
phenomenon. However, once having formed a gel block, the super-absorbent
polymer particles may have an effect opposite to what was expected for these
polymer particles. To avoid this, it is preferred for the core including a mixture
of the super-absorbent polymer particles and the fluff pulp fibres to mix them
together as homogeneously as possible and

WisharomDaniefSpeciDMC 2002 301880 spec 131eb07 doc
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thereby to prevent the individual super-aksorbent polymer
paxticles from coming in contact one wi.th another. To thisend,
however, a problem is faced that a content of the supexr-—
absorbent polymer particles in the core should be inevitably
1imited. As one of measures to solve this problem, it is well
known to use a mixture of the super-absorbent polymer particles
having a relatively high absorption rate and the super-~
absorbent polymer particles having a relatively low absorption
rate. In this case, two different types of super-absorbent
polymer particles must be mixed with the fluff pulp fibers as
homogeneously as possible. Here arises another problem that
a significant difference in specific gravity between the
super-absorbent polymer particles and the fluff pulp fibers
makes it diffieult to mix them to a desired homogeneity. The
sandwich type core including the layer of aggregated super-
absorbent polymer particlea, on the other hand, is accompanied
with a problem that the super-absorbent polymer particles
readily form the gel block as these polymer particles absorb
body fluids and a certain amount of body fluids stagnates above
the gel block. The amount of body fluids stagnating above the
gel block may flow back toward a sanitary napkin ox a diaper
wearer's skin and the super-absorbent polymer particles may

function in the reverse way when a body weight of the wearer
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3
is exerted upon such core. In consequence, a remarkable rewet phenomenon

may occur and give the wearer uncomfortable feeling of wetness.

A reference herein to a patent document or other matter which is given
as prior art is not to be taken as an admission that that document or matter
was, in Australia, known or that the information it contains was part of the

common general knowledge as at the priority date of any of the claims.

In view of the problems as have been described above, it would be
advantageous for this invention to provide the disposable diaper in which the
body fluid absorbent core containing therein the super-absorbent polymer
particles has an improved preventive effect against leak of body fluids and so-
called the rewet phenomenon.

According to this invention, there is provided a disposable diaper having
a front waist region, a rear waist region and a crotch region extending between
the two waist regions, each of the regions being formed with a body facing
surface and a garment facing surface, and a liquid-pervious sheet defining the
body facing surface in the crotch region is provided on an inner surface of the
liquid-pervious sheet with an absorbent core.

The core includes hydrophilic fibers of 30 — 70 wi% and super-
absorbent polymer particles of 70 — 30 wt%, the super-absorbent polymer

particles including first polymer particles having a relatively long liquid-
absorbing duration and second polymer particles having a relatively short

WisharonDanieSpechDMC 2002 301880 spec 13(eb07.doc
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liquid-absorbing duration, wherein a polymer phase primarily
including the first polymer particles lies in a middle zone of
the core as viewed in a transverse direction as well as in a
thickness direction of the core and a mixture phase including
the hydrophilic fibers and the second polymer particles 2 mixed
therewith lies above, below and laterally outeide the polymer
phase. )

This invention includes the following embodiments.

The first and second polymer particles bhaving a
liquid-permeating duration of 15 - 100 seconds, the first
polymer particles have a liquid-absorbing duratiocn of 30 - 60
seconds and the second polymer particles has a 1iquid-absorbing
duration of 3 - 30 séconda s0 that a difference in the
liquid-absorbing duration between the first and second polymer
particles ie at least 5 seconds. ‘

Assomed that a sum of weights of the first polymer
particles and the second polymer particles in the core is 100,
a ratio of the first and second polymer particles is (20 — 70} s
{80 ~ 30).

The polymer phase has, in the crotch regicn, a width
corresponding to 40 - 90% of a full width of the core.

The core has a longitedinal direction orthogonal to the

transverse direction and the polymer phase has a length
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corresponding to 40 - 100% of a dimension of the core as measured
in the longitudinal direction.

The core has a thickness of 3 — 15 mm and the poiy'mer phase
has a thickness of 0,3 - 3.5 mm.

The parameter "liguid-absoxbing duration" of the
super—-absorbent polymer particles herein described is measured
using a method as follows. First, 50 g of physiologic saline
poured intec a 100 ml beaker is stirred at a temperature of 25 C
by a magnetic stirrer with a rotor sized in 8 mm ;ii,ameter X 30
mm length and having a revolution speed of 600 rpm. Then 2.0
g of the super-absorbent polymer particles is put into the
peaker and an elapsed time is measured before revolving vortex
of the physiologic saline disappears and the saline level
becomes flat. The time elapse measured in this manner is
obtained as "liquid-absorbing duration”.

The parameter "liguid-permeating duration" of the
super-absorbent polymer particles herein described is measured
using a method as follows. First, a nylon filter of 250 meshes
is attached to a bottom side of a ¢cylinder having a dismeter
of 39 mm and 1 g of the super-absorbent polymer particles ie
evenly spread. Then, 10 seconds are spent to pour 50 g of the
physiologic saline into the cylinder. It ia assumed that the

super-absorbent polymer particles are saturated aftexr such a

-8-




10

15

2001-345265

.6-
step of pouring has been repeated six times at time intervals
of 3 minutes. 3 minutes after the sixth step of pouring, 10
seconds are spent to pour 50 g of the physlologic saline into
the cylinder and a time period elapsing until substantially
total amount of this physiologic saline permeates the filter
is memsured. The time elapse measured in this manner is

obtained as "liquid-permeating duration®.

Fig. 1 is a plan view of a partially cutaway disposable
diaper according to this invention;

Fig. 2 is a cross—sectional view taken along a line IT
- II in Fig. 1; and

Fig. 3 i6 a cross-sectional view taken along a line III

- III in Pig. 1.

petails of a disposable diaper according to this
invention will be more fully understood from the description
given hereunder with reference to the accompanying drawings.

Fig. 1 is a plan view of a partially cutaway disposable
diaper 1 according to the principle of this invention. This
diaper 1 is of open-type and includes a liquid~-pervious topsheet
2 defining a body facing suxrface, a liguid-impervious backsheet

3 defining a garment facing surface and an absorbent core 4
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interposed between the two sheets 2, 3. Portions of the top-
and backsheets 2, 3 extending outward beyond a peripheral edge
of the core 4 are placed upon and bonded to each other to form
front and rear end flaps 11, 12 and a pair of side flaps 13.
The diaper 1 is composed, in its longitudinal direction (i.e.,
vertical direction as viewed in Fig. 1), a front vaist region
6, a rear waist region 7 and a crotch region 8 extending between
the two waist-reglons 6, 7. In the rear waist region 7, the
pair of side flaps 13 are provided with tape fasteners 14
attached thereto, respectively. Inthe front and rear end flaps
11, 12 and the side flaps 13 in the crotch region 8, the
waist-surrounding elastic members 15, 16 and the leg-
surrounding elastic members 17 are secured in a stretched étate
to the inner surface of at least one of the top- and backsheets
2, 3.

Pig. 2 is a cross-sectional view taken along a line II
- II in Fig. 1 and Fig, 3 is a cross-sectional view taken along
a line III - III in Pig. 1. In the diaper 1, a stock material
for the topeheet 2 may be a nonwoven fabric or a porous film.
The nonwoven fabric used for this diaper 1 may be selected from
a group consisting of thermoplastic synthetic fibers such as
polyolefine-, polyester- or polyamide-based thermoplastic

synthetic  fibers, and polyethylene/polypropylene or
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polyethylene/polyester conjugated fibers of sheath-and-core
type or side-by-side type. It is also possible to use nenwoven
fabric of hydrophilically modified these fibers or nonwoven
fabric of water-absorbent fibers such as rayon, acetate and
cotton. The porous f£ilm may be, for example, a polyethylene
f£ilm.

A stock material for the backsheet 3 may be selected from
a group including polyethylene-, polypropylene-, polyester-
and polyurethane films, which is preferably of breathable type.

py reference to Figs. 2 and 3 in conjunction with Fig.1,
it will be apparent that the core 4 has a dimension A in the
transverse direction and a dimension B in the 1ongituﬁina1
direction orthogonal to the transverse direction A. The
dimension A is relatively large in the front and rear waist
regions 6, 7 and relatively small in the czotch region B so as
to present a so-called hourglass-shape. The core 4 has a
thickness preferably in a range of 3 - 15 mm and its surface
opposite to the topsheet 2 has an area in a rahge of 350 — 2000
cm’. The core 4 includes, in addition to hydrophilic fibers
265uchasf1uffpulptlbers,super-absorhentpolymerparticles
30 consisting of first polymer particles 27 and second polymer
particles 28. The core 4 is covered with a tissue paper 29 or

a high wet strength nomwoven fabric made of hydrophilically
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modified thermoplastic synthetic fibers.

Tha hydrophilic fibers 26 occupy 30 — 70 wt$ in the core
4 and may be selected from a group consisting of natural fibers
such as fluff pulp fibers, cotton or jute, regenerated fibers
such as rayon or acetate, and hydrophilically modified
thermoplastic synthetic fibers. The super-abscrbent polymer
particles 30 occupy 70 - 30 wtd in tha core 4., O©Of the
super-absorbent polymer particles 30, the first polymer
particles 27 have a liquid-permeating duration of 15 - 100
seconds and a liquid-absorbing duration of 30 — 60 seconds and
the second pelymer particles 28 have a liquid-permeating
duration of 15 — 100 seconds and a liquid-ahsorbing duration
of 3 - 30 seconds. A difference in the liquid-absorbing
durations between these first and second polymer particles 27,
28 is preferably at least 5 seconds. Assumed that a sum of
weights of the first polymer particles and the second polymer
particles in the core is 100, a ratio of these first and second
polymer particles is in a range of (20 - 70) : (80 - 30). Phase
31 ineluding the hydrophilic fibers of 20 - 90 wt&, preferably
of 30 - 70 wt$ and the polymer particles 27 of 80 - 10 wt%,
preferably of 70 - 30 wt% is compressed to ensure its demsity
preferably in a range of 0.06 - 0.15 g/cm’. The hydrophilic

fibers 26 may be selected from a group consisting of natural
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fibers such as fluff pulp fibers, cotton or jute, regenerated
fibers such as rayon or acetate and hydrophilically modified
thermoplastic synthetic fibers. Tha polymer particles 27 have
a liquid-absorbing duration of 3 — 30 seconds and a liquid-
permeating duration of 15 - 100 seconds. At least 50 wtd of
the first polymer particles 27 and the second polymer particles
28, respectively, have a particle diameter preferably of 250
- 600 um.

The first polymer particles 27 define a polymer phase 31
lying in a middle zone of the crotch region 28 as viewed in a
thickaess direction as well as a transverse direction of the
core 4 and the second polymer particles 28 define amixture phase
32 including a substantially homogeneous mixture of the second
polymaer particles 28 and the hydrophilic fibers 26 and enclesing
the polymer phase 31 as viewed in a tramsverse secticn of the
core 4. In the polymer phase 31, the first polymer particles
27 are used 50 as to have a basis weight of 50 - 600 g/m’ and
to occupy 90 wt% or more of the polymer phase 31. Inother words,
the polymer phase 31 primarily includes the first polymer
particles 27. Such polymer phase 31 may contain the bydrophilic
fibers 26 and/or the second polymer particlas 28 of 10 wt$ or
less. The polymer phase 31 preferably has, in the crotch region

8, a width corresponding to 40 — 90 % of the core's transverse
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dimension A and, in the front and rear waist regions 6, 7, a
width corresponding to less than 40 % of the core's transverse
dimension A (See Pig. 3). The polymer phase 31 preferably has
a length corresponding to 40 - 100 $ of the core's longitudinal
dimension B. The polymer phase 31 is compressed preferably so
that this phase 31 has a thickness of 0.3 - 3.5 mm and a density
of 0.09 — 0.47 g/cm’. The mixture phase 32 includes the
hydrophilic fibers 26 of 35 - 95 wt% and the second polymer
particles 28 of 5 - 65 wt$. The mixture phase 32 is compressed
preferably so that this phase 32 has a density of 0.06 ~ 0.15
g/cm’.

Now it !._s assumed that urination occurs on the diaper 1
having such core 4 in which the first polymex paxticles 27 having
the relatively long liquid-absorbing duration are aggregated
in the middle zone of the core 4 as viewed in the thickness
direction as well as in the transverse direction thereof and
the second polymer particles 28 having the relatively short
liquid-absorbing duration and mived with the hydrophilic fibers
26 are distributed outside the first polymer particles 27 as
viewed in the thickness diraction as well as in the transverse
direction of tha core 4. Urine discharged on the diaper 1 is
absorbed and diffused by the tissue paper 29 lying on the upper

surface of the core 4 and, practically at the same time, urine
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moves toward the mixture phase 32. In the mixture phase 32,
urine is rapidly absorbed by the hydrophilic fibers 26 and the
second polymer particles 28 having the relatively short
liquid-absorbing duration. In the case of using flwff pulp
fibers as the hydrophilic fibers 26, the amount of urine having
been absorbed by the fibers 26 moves down in the thickness
direction of the core 4 more rapidly than the case in which any
other material i# used as the hydrophilic fibers 26. In the
transversely middle zone of the core 4, an amount of urine moving
downward permeates the polymer phase 31 to be absorbed by the
first polymer particles 27 and a portion of urine passes through
the polymer phase 31 to be absorbed by the mixture phase 32 in
its zone underiying the polymer phase 31. In the transversely
opposite sides of the core 4, a continuity of the mixture phase
32 in the thickness direction of the core 4 allaws an amount
of urine to move to the bottom of the core 4 and a portion of
this amount of urine moves in the transverse direction so as
to ba absorbed by the mixtura phase 32 in its zone underlying
the polymer phase 31. Both the first polymer particles 27 and
the second polymer particles 28 have a liquid-permeating
duration of 15 — 100 seconds and allow urine tc pass through
gel blocks, even if these polymer particles 27, 28 form such

gel blocks. Therefore, urine can smoothly permeate the mixture
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phase 32 downward and easily pass through the polymer phase 31.
vrine discharged on the diaper is absorbed by the core
4 in this manner and, moxe specifically, rapidly absorbed by
the hydrophilic fibers 26 and the second polymer particles 28
having the relatively short liquid-absorbing duration in the
upper zone of the core 4 in its thickness direction. Such
feature is advantageously effective to minimize a possible
leakage of urine into the side flaps 13 of the diaper 1
immediately after urination and thereby to realize the diaper
1 substantially free from urine leakage. Generally, the
super-absorbent polymer particles having a relatively short
1iquid-absorbing duration result in the correspondingly low gel
strength and the wearex's body weight exerted on the gel hlock
formed by these particles tends to expel the amount of urine
having been absorbed thezreby out from the core 4. In the core
4 of this diaper 1, on the contrary, the polymer phase 31 is
formed by the first polymer particles 27 having a sufficiently
long liguid-absorbing duration to retain the amount of urine
having been absorbed thereby. In consequence, there is no
anxiety that the amount of urine having been absorbed by this
polymer phase 31 and the portion of the mixture phase 32
underlying the polymer phasa 31 might flow back to the upper

surface of the topsheet 2 even when the wearex's body weight
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is exerted on the core 4. In this way, the diaper 1 adopting
such core 4 is improved also with the preventive effect against
a so-called rewet phenomenon.
(EXAMPLES )
In the disposable diaper shown by Fig. 1, the core having

its transverse dimension A which is 200 mm in the front and rear

waist regions and 100 mm in the crotch region and having its

longitudinal dimension B of 600 mmwas used to measure the amount
of rewet and the minimum amount of urine before urine leakagas
begins. TABLE 1 shows result of the measurement and composition
of the hydrophilic fibers and the super-absorbent polymer
particles used for this core. Fluff pulp was used as the
hydrophilic fibers, particles a or particles b were used as the
first poly particles and particles g were used as the second
polymer particles, TAELE 2 shows properties of these particles
ar b, c.

The minimum amount of urine b_efora urine leakage begins
was measured by the method as follows. First, each EXRMPLE of
the disposable diaper was put on a lay figure taking half-faced
posture. Then, physiologic salins in substitution for urine
was continuously discharged at a flow rate of 10 ml/sec from
urination port provided on the lay figure and urine leakage from

the diaper was observed to measure an amount of urine before
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urine leak actually occurs. The measured amount was obtained
as the minimum amount of urine.

The amount of so-called rewet was measuxed by the method
as follows. First, the diaper was flattened and a cylinder
having an inner diameter of 60 mm and a weight of 750 g was placed
on a central zone of the core. Then, 150 ml of physiologic
saline was poured into the cylinder from 10 mm above the diaper
at a flow rate of 10 ml/sec. After physiologic saline had been
absorbed by the core, the cylinder was removed from the core
and 5 minutes after start of pouring, checkweighed 100 X 100
mm paper filter was placed on the same zone of the core as the
zone on which the cylinder had been placed. A weight of 3.5
kg/100 X 100 mm was placed on the paper filter and left as it
is for 3 minutes. Thereafter the paper filter was checkweighed
to measure an amount of saline having been absorbed by the paper
filter for 3 minutes as the amount of rewet (of first step).
10 minutes after start of pouring physiologic saline, the
cylinder was placed again on the central zone of the core, 150
ml of physiologic saline 10 seconds was poured into the cylinder
and measurement of the amount of saline having been absorbed
was repeated to obtain the amount or rewet {(of second step).
Such operation was repeated once more to obtain the amount of

rewet (of third step).
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(CONTROLS }

In the place of the core used in EXAMPLES, the core
including particles a alone, the core including particles h
alone and the core including particles c alone were used. For
the diapers using such cores, the amount of rewet and the minimum
amount of urine before urine leakage begins were measured by
the same method used in EXAMPIES., Result of the measurement
is shown in TABLE 1. Distribution of these particles p, b, ¢
in the core was same as in the core of EXAMPLES.

As will be apparent from TABLE 1, the diaper using
combination of the first and second polymer particles a, © as
the super-absorbent polymer particles exhibits the minimum
amount of urine before urine leakage begins larger than the
minimum amount of urine exhibited by the diaper provided with
the core using the first polymer particles a slone. Thie means
that the former is less liable to urine leakage than the latter
(See EXAMPLE 1 and CONTROL 1). It will be also found from TABLE
1 that the diaper provided with the core using combination of
the first and second polymer particles a, o exhibits the amount
of rewet smaller than the amount of rewet exhibited by the diaper
provided with the core using the second polymer particles g

alope {See EXAMPLE 1 and CONTROL 3). Furthermore, it will be

found from TABLE 1 that the diaper provided with the core using
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combination of the first and second polymer particles b, € is
less liable to urine leakage than the diaper provided with the
core using the first pelymer particles b (See EXAMPLE 2 and

CONTROL 2).
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[TABLE 1]
EXAMPLES CONTROLS
1 2 1 2 3

Super—absorbent
polymer particles (2)

First polymer perticles a n —_ 24 -_— —_

— [} — 18 —

Second polymer particles ¢ 13 10 — — 24
Hydrogphilic fihers {g)

Fluff pulp fibers 40 28 40 28 40
Amount of rewet (g}

First step 02 08 02 05 11

Secand step 38 42 31 33 49

Third step 59 62 58 60 69
Minimum amount of urine
before leakage eceurs 350 3oo 250 - 200 350
[TABLE 2]

Firat, palymer particles Second polymer particlas
Particles a Partlcles b Particles ¢

Liquid-absorbing
durstion (sec) 53 36 14
Liquid—permeating
duration (sec) 25 48 n
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The disposable diaper according to this invention is
primarily characterized in that the core generally includes
hydrophilic fibers and super-absorbent polymer particles
wherein the super-absorbent polymer particles consist of the
first polymer particles of which the liquid-permeating duration
is relatively short and the liguid-absorbing duration is
relatively long and the second polymer phase of which both the
liguid-permeating duration and the liquid-absorbing duration
are relatively short. With such a unigue arrangement, the core
is effective to prevent urine leakage as well as a so-called

rewet phenomenon from occurring in the diaper.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A disposable diaper having a front waist region, a rear waist region and
a crotch region extending between the two waist region, each of the regions
being formed with a body facing surface and a garment facing surface, and a
liquid-pervious sheet defining said body facing surface destined in said crotch
region is provided on an inner surface of said liquid-pervious sheet with an
absorbent core, said disposable diaper further including:

said core including hydrophilic fibers of 30 — 70 wt% and super-
absorbent polymer particles of 70 — 30 wt%, said super-absorbent polymer
particles including first polymer particles having a long liquid-absorbing
duration and second polymer particles having a short liquid-absorbing
duration, wherein a polymer phase primarily including said first polymer
particles lies in a middle zone of said core as viewed in a transverse direction
as well as in a thickness direction of said core and a mixture phase including
said hydrophilic fibers and said second polymer particles 2 mixed therewith lies
above, below and laterally outside said polymer phase.

W sharoriDanie\SpechDMC 2002 307680 cism pego amendmords 1¥ob08.doc
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2. The disposable diaper according to Claim 1, wherein said first and
second polymer particles having a liquid-permeating duration of 15-100
seconds, said first polymer particles have a liquid-absorbing duration of 30-60
seconds and said second polymer particles has a liquid-absorbing duration of
3-30 seconds so that a difference in the liquid-absorbing duration between

these first and second polymer particles is at least 5 seconds.

3. The disposable diaper according to either Claim 1 or Claim 2, wherein,
assuming that a sum of weights of said first polymer particles and said second
polymer particles in said core is 100, a ratio of these first and second polymer
particles is in a range of (20-+70) : (80-30).

4. The disposable diaper according to any one of the preceding claims,
wherein said polymer phase has, in said crotch region, a width corresponding
to 40-90% of a full width of said core.

5. The disposable diaper according to any one of the preceding claims,
wherein said core has a longitudinal direction orthogonal to said transverse
direction and said polymer phase has a length corresponding to 40-100% of a
dimension of said core as measured in said longitudinal direction.

WAsharan\DaniehSpeciDMC 2002 301880 speci 13(eb07 doc.
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6. The disposable diaper according to any one of the preceding claims,
wherein said core has a thickness of 3-15 mm and said polymer phase has a

thickness of 0.3 — 3.5 mm.

7. A disposable diaper, substantially as herein described with reference to

any one of the drawings of embodiments of the invention.

Wisharon\DaniehSpectDMC 2002 301880 speci 13(eb07 doc
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