1 Absorbent Articles Field of the Invention This invention reTgtééjfa \\/5
absorbent bodi es conprising 5 fi brous material and superabsorbent

mat eri al whereby the absorbent bodies can handle relatively |arge anmounts
of discharged body fluids, as well as aldsorbent articles including such

bodi es, for instance dlsposable di apers, incontinence articles and tralnlng
pants. 10  TB&cREPEHEE & GEmedlen FOMPREY Absor bent articl es %ﬂf3

generally conprisé a l'iquid perxboyspéppsheeicibat is |ocated adjacent the
wearer's body, .a I|qU|d |nper%tous backsheet that is located distant from

t he meare[h & o 15 wearer's clothing, and an absorbent
f?aﬁigrgﬁpe;ni odnj snﬁ?ggmi?i:i:b::erthe abgordeptrhodiss topaheistirand t he
perabsorbent material whereby the
absorbent bodies can handle relatively large amounts of
discharged body fluids, as well as absorbent articles
including such bodies, for instance disposable diapers,
incontinence articles and training pants.
10  Background of the Invention
Absorbent articles of this kind generally comprise a
) liguid pervious topsheet that is located adjacent the
wearer’s body, a ligquid impervious backsheet that is
located distant from the wearer’s body and adjacent the
15 wearer’s clothing, and an absorbent core or other body
interposed between the liquid pervious topsheet and the
liquid impervious backsheet. '
It is well established that the construction of the
article, and in particular the construction of the
20 absorbent body, should desirably be such that the article
is capable of rapidly acquiring and distributing relatively
large volumes of body liguid initially discharged on to the
topsheet, and of storing such discharges. It is also
desirable that the absorbent body should not release stored
" 25 ligquid when subjected to pressure or prolonged storage.
For instance the absorbent body should be such as “to
minimise rewetting of the topsheet by discharge of liquid
that has been stored in the body.
In order to promote distribution of liquid discharges
30 throughout the body, it is desirable to construct the body
-éo that the discharges are transported away from the area
of initial deposition, both laterally (in the XY plane) and
vertically (in the 2 direction).
It is known that different fibrous and other materials
35 promote different performance characteristics. For
instance it is known that a relatively low density stiff
and/or hydrophobic fibrous structure may serve as a useful

) REPLACED SHYPT% Cse ]
¥] Description : paged .1 to puged B
’\_/{ Claimi(R) s puged LB 10 paged Bﬁr ‘ his Sheet Has Been Replaced
W/ Prrawing(s) opaged L8 to paged ¥ H‘l\'“ “ll“ “ ' l' |'
W Aboiact paged LB o pased LT ;
DAY O RECEIPT i




PP T

It s well established that the construction of the article, and in
particul ar the construction of the 20 absor bent body, should desirably be
-such that the article is capable of rapidly acquiring and distributing
relatively large volunes of body liquid initially discharged on to the
topsheet, and of storing such discharges. 2|t is also desirable that the
absor bent body should not rel ease stored 25 | 'iquid when subjected to
pressure or prolPRfEd stedageitienr i dsvaice ol abIpiBdNt BeEHR isHAU d wed

such as to m ni @isE M IHN9 Buideai 9P8EBEEsDY vlkS ¢hardeh |4 %la@efbéi
has been stored in the body. In order to pronote distribution of liquid

di scharges 30 mﬂﬂwﬂﬁﬁﬁnkn%Qﬁgqﬁiﬁ/SqquQ?(Rﬁﬁﬁ%ﬁﬁ%Fﬁt)construct t he body
so that the_ di scharga& aﬁe t}txwmporth% aghy finomddiomr ed updrdbedrbent

Geposition bot hlahsral | Yobhan! e SRty P faLh el L fAE s
gelllng material, hydrogel~forming naterial or
superabsorbent polymer) can be included in absorbent bodies
so as to result in a significant increase in the storage
capacity. However it is also known that the use of

10 significant amounts of superabsorbent material may tend to

be accompanied by a phenomenon referred to as gel blocking.

Gel blocking occurs when the superabsorbent material swells

‘n’ in such a manner as to reduce significantly the rate of

permeation of ligquid that has been applied to the absorbent

15 structure. *This can be minimised by appropriate

techniques for incorporating the supefabsorbent material

within a fibrous matrix (for instance as described in U.S.

patent 4,610,678 issued to Weisman & Goldman 9th September

1986) and improved quality superabsorbent materials

20 available in recent years has also reduced the problem.

However it can still be a significant problem, particularly

when it is desired to incorporate a high density of

superabsorbent material in a small volune, i.e., as a layer
consisting wholly or mainly of superabsorbent material.

'lp 25 It is desirable to construct the absorbent body such
that it has high absorption capacity per unit volume, and
in particular such that it has good absorption properties
despite being relatively thin.

In order to attempt to obtain optimum properties,
30 there have been numerous proposals in the literature for
‘manufacturing multi-layer absorbent bodies utilising
various combinations of fibres and superabsorbent

materials.
For instance in WO091/11163 an absorbent body is
35 described comprising, inter alia, a particular type of
upper fluid acquisition and distribution layer and a lower
layer containing superabsorbent material. Additionally,
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35 pronote different performance characteristics. For instance it
Is known that a relatively |ow density stiff and/or hydrophobic fibrous
structure may serve as a useful 2 upper acquisition layer for rapidly
acquiring and distributing Iiquid discharge but that such a material may
have i nadequate storage properties. It is known that the inclusion of

super absor bent @her@h%%abe(eﬂf Rx?ﬂyabt:%e%h\éelt% FﬁESEgSQaTtQ QE Pak E’EHJS

gel I'i ng mat eri al , drogel -fofnn super absor
pol yner) can be 1@H@P—”§dé‘&”rq'¥1 ab%‘éhé@ﬁt Smr@%%ﬁ onakexialin a In SOme

significant i ncri%@%@nb%st RP eSO MARANAE T Vis usd@®VBYShoth 18y&tsObkoNg

that the use of 1p_ significant grounts of Supergbsorbent maietial my
tend to

5 preoposed. For instance in U.S. 4,338,371 issued 6th July

1982 to Dawn an absorbent body 1is proposed comprising,

inter alia, an upper wicking layer, a fibrous 1aYer, a

layer of acrylic carboxylate superabsorbent polymer, and a

lower (distant from the wearer’s body) layer conmprising

10 hydrolysed starch acrylonitrile graft superabsorbent
polyner. It is stated that the lower layer of

'iﬁ' superabsorbent material should gel faster than the upper
layer, and that the upper layer should gel slower and
absorb more fluid than the lower layer.

15 In EP-B-40P189 it is proposed that there should be
mutually different superabsorbents disposed in at least two
layers wherein one of the absorbents has a high absorption
rate and the other has a high liquid-retention ability when
subjected to pressure. It is recommended that the fast-

20 absorbing superabsorbent should be located in the lower
layer (distant from the wearer’s body).

In W092/11831 a multi-layer absorbent, article is

described which can include at least one

~ acquisition/distribution layer and, beneath each such

.II" 25 layer, a layer comprising superabsorbent material. Each

of the layers is characterised in that the superabsorbent

material has a fast absorption rate. This publication

acknowledges that the provision of a plurality of such

layers may prevent travel of body liquids through the

30 entire absorbent body because of the tendency for a layer

containing such superabsorbent material to block the flow

of ligquid. W092/11831 proposes the provision of particular
pathways to allow flow despite such blockage.

A wide variety of superabsorbent materials are

35 commercially available and they are, and have been,
supplied to meet a wide variety of requirements. For
instance different materials are available which have, for

P
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be acconpani ed by a phenonenon referred to as gel blocking. Gel bl ocking
occurs when the superabsorbent material swells in such a manner as to
reduce significantly the rate of perneation of liquid that has been applied
to the absorbent 15 structure. This ,can be mnimsed by
appropriate techniques for incorporating tht superabsorbent material within

a fibrous matris f I n ce..a ' ' nt,_.4,610, |.ssued
fo Vel aman & Gadiancstn &ont enst CTosmsoart v arEnn gty 26l b8t
super absor bent skgeagitiiss Fogh orilalabserpetent agahnst haseasyoer andced
the problem Hgwewgr, it can still be a significant problem particularly
when it is desired to incorgorate a high density of superabsorbent materi al

in a smll volune, PeEPLIEEtheYydR vmtetyidlhy sRAIPIr I thepdof ibrous
super absor bent nalegtiiadls, 2%nd comdindiSiciesi reléeedn, CoBAE UChatB8E been

absorbent body S%Fh t hat | ehas hi gh, absorptio _Gapa |t er.%pk%v%plgﬂg,
and in partlcuﬁﬁ'gﬁf ’th%% fe Hﬁ?gﬁﬁgﬁ gbsﬁ?ﬁalo p&5§gf$?e§ p
construction of absorbent bodies for incorporation in, for
instance, diapers so as to optimise performance, especially
having regard te the desirable objective of minimising the
10 thickness of the absorbent - body while maximising
acquisition, storage and retention with lowest possible
“ rewet results during use.
It has been our object to provide novel absorbent
bodies which overcome various of the disadvantages of
15 existing absorbent bodies and in particular that permit the
attainmen{: of particularly good absorption characteristics
and which are easy to manufacture by conventional
techniques.

Summary of the Invention

20 The invention provides an absorbent body comprising in
sequence from the top (i.e., the surface that is to be
adjacent to the wearer’s body):

an upper assembly comprising

an acquisition layer substantially free of
- 25 superabsorbent material and

a superabsorbent layer consisting mainly of first
superabsorbent material and which has a Gel Layer
Permeability (GLP) value of at least about 4 and generally
at least about 6, and preferably at least 9 and most
30 _.preferably at least 15,x10'70m3sec/g and which is present in

an amount of at least about 20g/m2 and '

a lower assenbly that includes second superabsorbent
material having an Absorption Against Pressure of at least
15g/9 (and preferably at least 20g/g) at SOg/cmZ and which

35 comprises
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despite being relatively thin. In order to attenpt to obtain optinum
properties, 30 t here have been nunerous proposals in the literature for
manuf acturing nmulti-|ayer absorbent bodies utilising various conbinations
of fibres and superabsorbent nateriaés. For instance in WX1/11163 an
absorbent body is 35 described conprising, inter alia, a particular type

of upper fluid uj, 0 di 4 but qéﬁ{ n Igﬁgr
cont ai ni ng supe?aa SO ?E%r%t nlré?gr RVi n%ud{é{g?don o "Eof ed%ave been
many proposadiaty intokpor e allqz@a@t dhechayaes \MGF-cﬁ knchgdlge or

super absor b tmILr i@uid) 4MgSOme instances the same material is used in

both layers but in
a lower layer which contains second superabsorbent

5 material and wherein at least 70% by weight of the total
amount of the second superabsorbent material which is in
the upper and lower layers is in the lower half of the
combined thickness of the upper and lower layers. .

In one important aspect of the invention, the first

10 and second superabsorbent materials are the same material.
This facilitates manufacture and can give good performance.

In another important aspect of the invention the first
and second superabsorbent materials are different materials
which have different properties, and in particular the

15 second superabsorbent material preferably swells faster
than the first material.

The invention also includes absorbent articles
comprising, in sequence, a liquid pervious topsheet, an
absorbent body as defined above arranged with the upper

20 acquisition layer towards the topsheet, and a iiquid
impervious backsheet. Preferred absorbent articles of the
invention 1nclude<ilsposable¢ilapers incontinence articles
and training pants.

Brief Description of the Drawings

25 Figure la is a diagrammatic plan view of an exemplary
| absorbent article according to the present invention.

Figure 1b is a diagraﬁmatic cross-sectional view
showing the layer structure of the article in the cross
direction. .

30 Figure 1lc¢ is a diagrammatic cross-section of the
article in the length direction.

Figure 2 is a side view of an air laid felt padmaker
machine used to make the sample pads for the Wet
Compressibility and Drip Capacity Tests.

35 Figure 3 is an enlarged view of a portion of Figure 2.

Figure 4 is a cross-sectional view of the apparatus
used in the Fluid Acguisition Test.

v
is Sheet Has Been Repiaced

AR




ot her instances different superabsorbent materials are 5 pr oposed. For
i nstance in U S 4,338,371 issued 6th July 1982 to Dawn an absorbent body

i s proposed conprising, inter alia, an upper w cking |ayer, a fibrous

| ayer, a | ayer of acrylic carboxyl ate sgperabsorbent polyner, and a | ower
(distant fromthe wearer's body) |ayer conprising 10 hydrol ysed starch
acrylonitrile griafire ssipgsahspakenisepaliymida side lviewSofshppedattiBat the

| ower | ayer e({)f.sq&eerég _[[gentn erial sgo d gel faster than the upper
| ayer, and 13t Yhe ‘tUpper” TAVe T o RECE| BGRY - and absorb more fluid

than the |ower IBigure ¥5is an enlar§PdBvied 180 a tpaxtimopds&dgtinat 4t her e
shoul d be nut ual L f-er gt sUpsL absoLp di,spesgd hBat4l :

| ayers mheneintﬁ%?%%étﬁe aﬁ%d%ﬁgntséﬁ%sfgﬁﬁ%gk§agsorpt?ggaga?gégﬁé&?he
other Bas aighel Xqi diEienitoAlafhsesPsiHencetBj sQr dingprieastihe. | t
I's recomrengdgskithiadnt he fast- 20 absor bi ng superabsorbent should be

| ocated in the | ower . . . .
Figure 8 1s a side view of the apparatus used in the

Gel Layer Permeability test.
Figures 2 to 8 relate to Test Methods described below.
10 - Referring to Figures 1la, b and ¢, the exemplary
article 1 is a diaper or other absorbent article comprising
a topsheet 2 (which contacts the body of the wearer), a
backsheet 9 and the novel absorbent core of the invention
between the topsheet and the backsheet.
i5 The core comprises an upper acguisition/distribution
layer 3, a superabsorbent layer 5 of first superabsorbent
material separated from the acquisition layer 3 by a tissue

layer 4 having two folds in the Z direction, an upper
fibrous layer 6 and a lower layer 7 comprising second
20 superabsorbent material, and a tissue layer 8. The layers
6 and 7 may be separate layers as shown diagrammatically or
they may merge into a single layer and they serve as a
storage and redistribution assembly. As will be apparent
from the drawings, it is not essential that the layers

25 should be co-extensive. ) i
Detailed Description of the Preferred Embodiments

of the Invention

It is thought that the combination of materials and

layers defined in the invention provides a useful
30 _optimisation of the functionalities of the materials. In
particular, it is thought to allow saturation of the a
superabsorbent material first in the region of the core
furthest away from the wearer’s body, and then gradually i
closer to the wearer’s body until the core has reached its !
35 maximum capacity. The invention achieves this by providing
an upper assembly or structure which acts initially as an
acqguisition/distribution structure and that is relatively
4
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| ayer (distant fromthe wearer's body). In W092/11831 a nulti-|ayer
absorbent article is described whi ch can I ncl ude at | east
one acquisition/distribution |ayer and, beneath each such 25 | ayer, a
| ayer conprising superabsorbent material. - Each of the layers is _
characterised in that the superabsorbent material has a fast absorption

rate. Thi syt 4 i q&%ﬂp t t allty of
such | ayers ﬁéy pfggg%tggrave #?%U|dgﬁvﬁrou %ﬁ?ﬁ%géoghgkg%

absor bent bodA%ecaiREabivehs t‘éHH@héy f§hraugbyeth@on€arﬁtnglsueh of
super absor berfupet S5 etbéRt P 86K 1H§of£9$/QBWE%QHermM@92Qﬁ1§§1a9£9p s€s

L B S T B sl L LS ooha o
they ares ancbdawtdresh, suppByecbtefamehtaliye aardrRithpf th@qué,ééaﬁat S.
For inStanceéﬁgéfﬁﬁggrg@ﬁér%%k%r%%ﬁ %%?ikgglﬁéggéﬁbgggeog the lower
assembly, so that the upper part has a lower or zero
concentration of superabsorbent material, void space is
provided in the lower assembly that can promote the storage
10 capacity of that assembly. By using second superabsorbent
material having the defined Absorption Against Pressure
® value, good storage retention is achieved.
Ligquid that is not adequately absorbed into the second
superabsorbent material can subsequently be absorbed in the
15 first superabsorbertt material. The provision of this as
a layer beneath the acquisition/storage layer has the
advahtagé that this first superabsorbent material acts to
dry out the acquisition layer so as to optimise rewet and
to improve skin dryness. '
20 In order to achieve the desired performance
characteristics it is necessary to select appropriate
combinations of various materials in the core, as well as

their amounts. The feollowing description refers to
l’ suitable materials and by subjecting appropriate test .
25 articles made from them to the specified tests, and

modifying the articles when necessary to achieve the
required test results, cores according to the invention can
be achieved.

- For instance to achieve the above described fluid

30 handling advantages the first assembly should be

sufficiently open, or permeable, relative to the second
structure to allow quick passage of body discharges through
the first structure and into the second structure.
However, the first structure should not be too open as this
35 could 1lead to a higher risk of gel-blocking of the
superabsorbent material in the second structure, thereby
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4 instance, fast or slowrates of absorption high or |ow gel strengths,

hi gh or | ow absorption agai nst pressure and so forth. Despite the wi de

vari ety of superabsorbent and fibrous 5 materials, and conbinations

t hereof, that have been proposed, there remains a need to try to inprove
t he construction of absorbent bodies for in8orporation in, for instance,

di apers so as to optim se, performance, especially having regard to the

desi rabl e obj ediider oft M FF E0S| Flaet hseplenthraprasdsy dh thRE shbustHER:
body while mexipaBam@e asHbh Bl bONstBhi8kage and retention with | owest

possi bl e remettgesults durif use. It has been our object to provide novel
absor bent -EEEQLJEESQMQ;Q

This comprises an acquisition layer and a layer of
5 first superabsorbent.

The acguisition layer is the upper effective layer of
the absorbent core or other body (excluding any tissue or
topsheet if present). It is generally substantially free
of superabsorbent material. If superabsorbent material is

10 included, the amount should be kept low (for instance as in
W0921/11163) but preferably the layer is wholly free of
superabsorbent material, at least in the upper half, and
generally throughout most or all of its thickness. The
layer may be of foam or other suitable porous or capillary

15 material but is Jsually formed of first fibrous material.

Suitable materials and properties of this upper layer,
and methods of making it, are described in W091/11163.

This upper layer preferably has a Wet Compressibility
of at least about Scnﬁ/g and a Drip Capacity of at least

20 10g9/9. Fibrous material of the defined Wet
Compressibility and the defined drip capacity maintains
its openness, or void volume, when wetted by, for example,
urine. The provision of such a permanently open fibrous

ny layer having a high drip capacity in the core means that

25 not only does the core acguire body discharges, such as
ufine, rapidly,.but the layer also has the potential to
transfer these discharges into the subjacent structure of
first particulate superabsorbent' material relatively
quickly.

30 - The first fibrous material can be any fibrous material
that has a suitable resistance to load when wet, i.e. is
able to maintain satisfactory void volume under such
conditions and this is defined herein as Wet
Compressibility which is measured by the Wet

35 Compressibility test described below.

The "Wet Compressibility", or void volume per gram of

wetted fibrous material under a 'J"?.Sc_:;cm'2 (1.1psi) load, of
¥
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bodi es which overcome various of the di sadvantages of 15  existing
~absorbent bodies and in particular that permt the attainnent of

particul arly good absorption characteristics and which are easy to

manuf acture by conventional techniques. Sunmary of the Invention 20

The invention provides an absorbent body céhprising in sequence fromthe

top (i.e., the_ ,surface. t Is to be adjacent to_ the wearer!s body):sanp
upper assenblyt@&nﬁﬁﬁﬁﬁéf%ﬂ?°u%uﬂﬁﬁ%ﬁ%4%nﬂs ?%S&ﬁrab%%b§Ya%??%Pl§gm‘3ree
of 25  super apseflesablyater i Btasindeamtyiper ahdombent prayferabaysist i Ngast
mainly of firs ardabsqr hent ri,al._a [ Ras | Layer
Perneability (é[%%gvglﬂegég'atuggggtbaggu?@fwg%g% dﬁergffsogF'least about
6, and preferably affhleeafirst afdbmosts tatepizl epasifprablivedsas 18, XIDf iy r ]
cnierr] seg/g aBRgake icy RIESEMst Monl g}, preferably at least 15ml

g’, and most preferably at least 20ml gq, e.g., up to 25
or even 30ml gq. The *Drip Capacity" is a measure of the
ability of a fibre matrix to receive synthetic urine at a
loading peoint, transfer it away from that point and then

10 hold it within the matrix. The "Drip Capacity" is measured
by the Drip Capacity Test described below.

e Suitable first fibrous material can comprise
chemically stiffened cellulosic fibres, generally in an
anmount of 50 to 100% by weight of the first fibrous

15 material and 0 td 50% by weight other fibres such as non-
stiffened cellulose fibres and synthetic fibres. ' Preferred
chemically stiffened cellulosic fibres are stiffened,
twisted, curled cellulosic fibres which can be produced by
internally cross-linking cellulose fibres with a cross-

20 linking agent. The types of stiffened, twisted, curled
cellulosic fibres useful as the hydrophillic fibre material
of the absorbent structures described herein are described
in greater detail in the following patents: U.S. Patent
4,822,453 entitled *“Absorbent  Structure Containing

25 Individualised Cross-linked Fibres", issued to Dean et al.
on April 18, 1989; U.s. Patent 4,888,093 entitled
“Individualised, Cross-linked Fibres And Process For Making
Said Fibres", issued to Dean et al. on Decenmber 19, 1989;
U.S. Patent 4,889,595 entitled ¥Process For Making

30 Individualised, Cross~linked Fibres Having  Reduced

Residuals And Fibres Thereof", issued to Herron et al. on
December 26, 1989; U.S. Patent 4,889,596 entitled "Process
for Making Individualised Cross~linked Fibres and Thereof",
issued to Schoggen et al. on December 26, 1989; U.S. Patent
35 4,889,597 entitled "Process For Making Wet-Laid Structures
Containing Individualised Stiffened Fibres", issued to
Bourbon et al. on December 26, 1989; and U.S. Patent

L4
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an amount of at |east about 20g/n{ferr] and a | ower assenbly that includes
second superabsorbent nmaterial having an Absorption Agai nst Pressure of at
| east 15g/g (and preferably at |east 20g/g) at 50g/cnferr] and which 35
conpri ses 5 an upper |ayer having voiggspace for storage and

redi stribution of liquid discharges (e.g., urine or nmenstrual fluid) and a
| ower | ayer whigely,eant ai rmtSenel Supmsadtsat bentCleniaml By i al Stanhfif eviesd ei n

0
e Rt 81p50e A RS S IR SR MG AR |
conbi ned th| desees thb Mroreppdr dnd dmv@bm@zar 2, 1990.
Instead of using stiffened cellulosic fibres, it is
5 also possible to formulate the layer from synthetic polymer
fibres, usually mixtures of synthetic and natural fibres.
Suitable fibres are polyethylene, polypropylene, viscose
and rayon fibres, and bi-component fibres of these
materials, mixed with airfelt, cellulose, modified
10 cellulose (as above) or other natural fibres. Typically
such a mixture will have at least about 5% synthetic
' . fibres, and preferably at least about 10% synthetic fibres.
The first fibrous material layer is generally formed
by air laying the desired fibres during or prior to the
15 production of thes absorbent core, but if desired a
preformed non-woven or a wet or air laid or other fibrous
material can be used. ' .
The superabsorbent layer consisting mainly of first
superabsorbent material may be formed in the lower part of
20 the acquisition layer but preferably is a separate layer
and may be separated from the.acquisition layer by a tissue
or other layer that acts as a containment barrier for the
superabsorbeht material.
It is important that this layer consisting mainly of
’ 25 first superabsorbent material should allow urine, menstrual
fluids or other body discharges that are rapidly acquired
by and distributed by the first fibrous layer to pass
rapidly through and be distributed beyond the layer of
first superabsorbent material without significant blockage
30 .by that layer.

The amount of the first superabsorbent material should
be sufficient to provide at least a substantially overall
layer of superabsorbent material when swollen by absorption
of urine in use. The superabsorbent material is usually

35 in particulate form and it is usually necessary for it to
be present in an amount of at least about 20g/m2 in order
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In one inportant aspect of the invention, the first 10 and second

super absorbent materials are the sane material. This facilitates

manuf acture and can give good performance. In another inportant aspect of
the invention the first and second super absorbent materials are different
material s which have different propertigs, and in particular the 15
second superabsorbent nmaterial preferably swells faster than the first
mat eri al . Thﬂxamvmt;immm al sobudesxtalaangenﬁrarmi)cgysrcogm;ﬂtfézgg;,hg n
sequence, o] p tz an absorbent body as defined above
arranged mnt m@ﬁ%g gpe?L geasg %QQZthon | ayer towards the topsheet, and
a l'iquid inpervi cten&egkihedthe Piefyerr eshabddr bestt dret i tbes Wiidcke and

i nvention i sp bl er [ ne piclg d i nj ng
pant s, Bri ef Beber e SR0 SRR e CBELLWNCABRE * BFLBA] Wt

di agramfat i 2PP@A i ew of an exenpl ary

Lower Assenmbly

The lower assembly serve as a storage and
redistribution assembly and includes an upper, usually
fibrous, layer and a layer of second superabsorbent

10 material. _

The upper layer in the lower assembly is generally

IB fibrous but can be formed of foam or other suitable
capillary or porous material. It provides void space for
storage of liquid. The fibrous or other material of this

15 layer can add an ex%ra stage of control to the absorption
profile of the absorbent body of the invention. For
instance it may slow down the passage of body discharges as
they leave the first superabsorbent layer and prior to them
reaching the second superabsorbent layer material. This

20 may minimise the chances of gel-blocking occurring in the
second superabsorbent material, and this can be
particularly useful in those embodiments where the second
superabsorbent has faster absorption kinetics and so tends

’ : to be more sensitive to this phenomenon.

25 The second fibrous material may comprise fibrous
material of any conventional type. The fibrous material-
can be airfelt, a mixture of natural and synthetic fibres,
chemically cross-~linked cellulose fibre or any other known
fibrous material commonly used in absorbent cores of

30 r-absorbent articles. If desired it may include some fibres
of the same type as the first fibrous material.

Each fibrous layer may add integrity and may also add
softness to the absorbent core.

The upper layer may be substantially or wholly free of

35 superabsorbent material and thus may be an air felt or
other fibrous or storage layer formed in the absence of
superabsorbent material. The lower layer can then be a

I
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absorbent article according to the present invention. Figure Ibis a

di agrammati c cross-sectional view showing the |layer structure of the
article in the cross direction. 30 Figure 1c is a diagramatic
cross-section of the article in the length.direction. Figure 2 is a side
view of an air laid felt padmaker machi ne used to nake the sanple pads for

the Vet Conpre 'dyéﬂéﬂ&E¥EE&E&P1§§Q§CEBﬁ§B¥§f%??g%cond supk8Hb8oBbkAt an
enl arged view of a partion_of F|gyre 2. Figure s a cross-sectional view

of the apparafGde¥déd i n t RBeFP@YEXAGHY JPEi BnPtesd withs Hhyps oF jBay
part sectionedosisdetyimairdly appaiiad Usuperabsorbent material.

However it is often desirable for the upper and lower

5 layers to be formed as in EP-A-198683, wherein the upper

and lower layers are provided by an air laid fibrous matrix

wherein more than half by weight, and usually at least 70%

by weight, of the superabsorbent material in the upper and

lower layers is in the lower half of the thickness of the

10 upper and lower layers. For instance 70 to 100%, often 70

or 75 to 90 or 95% by weight of the second superabsorbent

B material is in the lower 50% of the thickness of the upper

and lower layers. There can be some, for instance 5% to

10% or sometimes up to 30%, of the second superabsorbent

15 material in the upper half of the thickness of the upper
and lower layers.

Generally the upper and lower layers are provided by
air laying a blend of appropriate wood pulp or other
hydrophilic fibres for instance on to a conventional air

20 laying drum or other receiving surface. The distribution
of superabsorbent material through the thickness of upper
and lower storage layers can be achieved by appropriate
selection of the distribution of superabsorbent material
into the stream of fibres being carried down on to the

'.l 25 receiving surface, for instance as described in EP 198683,
or by ° injecting or otherwise distributing the
superabsorbent into the air laid matrix as it is formed on
the receiving surface.

When air laying such a matrix, it is generally

30 desirable additionally to provide a fibre layer
substantially free of superabsorbent material which is air
laid with and beneath the lower layer. Instead of or in
addition to this a layer of separately formed tissue or
other fibrous material may be provided in this position.

35 Typically the amount of second superabsorbent material
is 30 to 95%, preferably 45 to 75%, by weight of the upper
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used in the X Y-Demand Absorbency Test. Figure 6 is an enlarged view of a
portion of Figure 4. Figure 7 is a cross-sectional view of liquid flowng 5
in the X-Y plane in an absorbent core according to the invention. Figure 8
is a side view of the apparatus used in tihe Gel Layer Perneability test.
Figures 2 to 8 relate to Test Methods descri bed bel ow. 10 Ref erring
tg Fi gures Iano‘lo Bowde €, lh?erexerrplza{]g/ ta:rtiéll(:l/ﬁeﬂ%ﬁts fsdtyp@é?]m%oghet?e )
absorbent artjc risi opsheet 2 ich contacts the body of the
wearer), a bégyg%eéﬁﬂg %%d9€%§ I6Bvel absorbent core of the invention

bet ween t he tSypshodisaridenbeMbbeksadst. 15 The core conprises an
upper acqui si ti on/gi st rihutLgp.! a4EE1 A1 3ofUPEEabEeL DNt shgggéb%ogae{ﬂ:rﬁ
super absorbent material separated fromthe acquisition | | ssue
| ayer 4 Kavi mpheinidbl ¥Bich ERE Pediimdydasd dn wgpbrl amounts m that

layer is the Gel Layer Permeability value (GLP) measured by
the GLP test described in the test methods below. The
first superabsorbent material should generally have a GLP

value of at least 6, preferably at least 9, for instance

10 more than 15 and up to 40,){10'7 cﬁssec/g or more.
The objective of the Gel Layer Permeability (GLP) test
is to determine the saline flow conductivity of the gel
layer formed from a dispersible AGM that is swollen in
Jayco synthetic urine under a confining pressure. The flow
15 conductivity provides a measure of the ability of the gel
layer formed from a swollen AGM to acquire and distribute
fluid during use in an absorbent structure. Darcy’s law
and steady-state flow methods are used for measuring gel-
layer permeability and determining saline flow
20 conductivity. (See, for example, "Absorbency®, ed. by P.K.
Chatterjee, Elsevier, 1985, Pages 42~43 and "Chemical
Engineering Vol. II, Third Edition, J.M. Coulson and J.F.

Richardson, Pergamon Press, 1978, Pages 125-127.)
The gel layer used for permeability measurements is
= 25 formed by swelling an AGM in' Jayco synthetic urine for a
time period of 60 minutes. The gel layer is formed and its
flow éonductivity measured in a piston/cylinder apparatus
under a mechanical confining pressure of 0.3psi. The
bottom of the cylinder is faced with a No. 400 mesh screen
30 to retain dry-swollen AGM and permit absorption and z-~
direction transport of urine. The piston is permeable to
fluid. Flow conductivity is measured using a 0.118M NacCl
solution. For an AGM whose uptake of Jayco synthetic urine
versus time has substantially levelled off, this
35 concentration of NaCl has been found to maintain the
thickness of the gel layer substantially constant during
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fibrous | ayer 6 and a |l ower |ayer 7 conprising second 20 super absor bent
material, and a tissue layer 8. The layers 6 and 7 may be separate | ayers
as shown diagrammatically or they nay nerge into a single | ayer and they

serve as a storage and redistribution assenply. As will be apparent from
t he draw ngs, it is not essential that the Tayers 25 should be
co-extensive. {gLal td Prefer 5&9? of the
Invention It ist ﬁffé hégg%ﬁ%?%ﬂﬁ?on%o? gSlgerla s’ an |a§é9§ges

defined in thel® n\g&%nlawm othdieknasgsetan 8gcuroms ni st kesudt tdfe AGM

functionalitieswef1ihe, Maie@y | @le%wellllrhgoar bhaybar ,cﬂulmg«ést flwgggltga%kow
saturation of the sy er absor bent nat er al first in the'region e’cgre

furthest away FPORFHHe- wenconstagdahy Ars tadds Hr&aadreryot| 58 dvaimm
wearer's ldy (Sdtmlof he. Tose Mecl)y cathede itise el IMdMUML aRad Fhr The

I nvention achi£g§§u£3$gn@y provi di ng
Flow rate is determined by measuring the quantity of
solution flowing through the gel layer as a function of
time. Flow rate may vary over the duration of the
10 experiment. Reasons for flow-rate variation include
changes in the thickness of the gel layer and changes in
lH. the viscosity of interstitial fluid, as the fluid initially
present in interstitial voids(which, for example, can
contain dissolved extractable polymer) is replaced with
15 NaCl solution. Bf flow rate is time dependent, then the
initial flow rate, typically obtained by extrapolating the
measured flow rates to zero time, is used to calculate flow
conductivity. The saline flow conductivity is calculated
from the initial flow rate, dimensions of the gel bed, and
20 hydrostatic pressure. For systems where the flow rate is
substantially constant, a gel-layer permeability
coefficient can be calculated from the saline flow
conductivity and the viscosity of the NaCl solution.
Another way of defining useful materials is in terms
ll' 25 of the Dynamic Swelling Rate. Suitable materials have a
substantially non-decreasing Dynamic Swelling Rate.

" The Dynamic Swelling Rate of a superabsorbent material
is a measure of the uniaxial swelling of the superabsorbent
material in a test tube as synthetic urine is added to it

30 _as a function of time. The test method used to measure the
dynamic swelling rate is called the Dynamic Swelling Rate
Test, and is described below. By saying that the Swelling
Rate is substantially is substantially non-decreasing, we
mean that the relative deviation of the Swelling Rates, as

35 explained below in the description of the test method,
should be less than 50%, preferably less than 25%, more
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an upper assenbly or structure which acts initially as an
acquisition/distribution structure and that is relatively perneable to
body di scharges. The di scharges therefore pass relatively quickly through
the first |ayer of superabsorbent, and ini® the | ower assenbly which acts
as a storage and redistribution assenbly where the liquid can 5 be
st?red | tﬁsﬁfateb&yembba} hﬁﬁal’ luaagiang o ts peefe raipgr deser kérn or
material in r part of the lower assenbly, so that the upper part
has a | ower o?q?ggw%goﬁggﬁtpgf C&htof superabsor%ent mat eri al , ngd sgace is

provided in the | ofe afdiestl ysupetrabsorpeatot eaties igtlor gger@llycapds ty
of 1hat assemBbyorpio HS'WQQH%%Q%&»@S%RS@ JRt gEi aleAVi 18, t hgg

defi ned Absorp gai nst” Pressure val ue st oy age retention’is
achi eved. 5 generally at least 20, g/g at 50g/cm. The Performance

Under Pressure value 1is generally more than 20g/g and
preferably more than 30g9/9g.

The second superabsorbent material should have aﬁ
Absorption Against Pressure of at least 15, and preferably
10 at least 20, g/g at 50g/cm2 (0.7psli) pressure, The
Performance Under Pressure value is generally more than

» 20g/g and preferably more than 30g/g.
Useful results can be obtained when the same material
is used as the first and second superabsorbent materials,
15 in which event the,first superabsorbent material will have
the same Absorption Against Pressure value as the second
material. However different materials can be used and in
order to optimise performance in some respects, and in
particular to obtain greater control in the flow and
20 absorption of urine and other fluid discharges within the
core, it can be preferred for the second material to have
absorption kinetics which are faster than those of the
first superabsorbent material. This is measured in terms
of the Dynanmic Swelling Rate of each of the superabsorbent
> 25 materials, wherein the dynamic swelling rate of the first
superabsorbent material is preferably not greater_than 2/3,
and preferably not greater than 1/3, of that of the second
superabsorbent material, The alternative way of defining
this difference is to say that the Dynamic Swelling Rate of
30 _the second superabsorbent material is preferably at least
1.5 times, and most preferably at least 3 times, the
Dynamic Swelling Rate of the first superabsorbent material.
It is desirable, especially when the second
superabsorbent material has faster absorption kinetics, for
35 it to have a Dynamic Swelling Rate of at least 0.2 grams
urine per second per gram of superabsorbent material (g cj'1
54). Preferably the Dynamic Swelling Rate of the second



Liquid that is not adequately absorbed into the second superabsorbent
materi al can subsequently be absorbed in the 15 first superabsorbent

mat eri al . The provision of this as a | ayer beneath the

acqui sition/storage | ayer has the advantage that this first superabsorbent
material acts to dry out the acquisition |ayer so as tg ogtinise rewet and
to i nprove skiperdaedmnt2Material lus atr demstt 0.3aghgeve  &Bhd itesamed

per f or mance b@q{pa\octqelr ISl CShdda 'ée,r‘ﬁfﬁiscﬁf Yedh Z%ci)ﬁ appropriate

conbi nations of “vari‘ous nmaterials i e core, “as their anounts.
The following d&&serfigtstornnd efetand tpiparakepebent crabesiahe B3y be

subj ecting appraRyi ahfidaste 2physiEhhClasagmdes G0N heaNLO tHansSpeei fi ed
tests, _and nodifying the_articles when pecessary to achieve the required
test resul t PAIFR r SFREeFBet MRt eyl f Ar e R W FeE dhad npyrbe

i nstance to tachi ewgplideegpovgrdnstesbedabytedates, agglomerates or
irregular shaped particles as typically produced by a
grinding process. Typically they are hydrogel—-forming
polymers which comprise an acrylate polymer or copolymer.

i0 An example of superabsorbent materials having the
above described properties is Favor SX (available from

) Chemische Fabrik Stockhausem GmbH, Krefeld, Germany). In
particular, it is desirable to wuse as the first
superabsorbent material Favor SX, Type P, lot no. W51776

15 available from Chemische Fabrik Stockhausen which have a
GLP value of 9x10 cm” sec/g.
The particulate superabsorbent material can be
substantially entirely polymeric absorbent hydrogel-forming
‘ material, or can comprise a mixture of superabsorbent
20 hydrogel~-forming material with an additive, such as for
example, powdered silica.

The first superabsorbent material, and sometimes also
the second superabsorbent material, is provided as a layer
which consists mainly of the respective superabsorbent

» 25 material. By this we mean that at least 50% by weight, and
.often at least 70 or 80% by weight of the layer is provided
by superabsorbent material. Preferably it consists
substantially only of superabsorbent by which we mean that
the superabsorbent particles should mainly ke in contact

30 with each other. This layer of superabsorbent can be
bonded to, or otherwise supported by a support sheet. The
distribution within the layer can be uniform or can be
varied, for example to provide a shaped design which may be
striped or profiled within the layer, see for example EP~A-

35 217,666 and US-A-4,935,022.

The Jlayer can consist of superabsorbent material
integrated with or dispersed within a support sheet, such

L4
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30 .handling advantages the first assenbly should be sufficiently

open, or perneabl e,

of body di scharges through the first structure and into the second

structure.

However,

could lead to a higher risk of gel-blocking of the superabsorbent
mat eri al in tife seevhtiulosechbased theseley or Ghewenontwbdven ngataeial.

absorbent capgf té!ub@r&ﬁé&rﬁéﬁ%!%&éﬁferi%
Assenmbly This conprises an acquisition [ayer and a

I rst
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embossing or calendering. Alternatively, the preformed
layer can consist substantially only of superabsorbent
material in the form of permeable sheets or film-like
structures. Such sheets or films can be formed during
polymerisation of the superabsorbent material, or by
bonding together particles or fibres of superabsorbent
material by adhesives or other suitable means. For example
U.s. 5,102,597 and U.S. 5,124,188 describe processes of
producing sheets of bonded particulate superabsorbent
material.

In one embodiment, the same superabsorbent is used as
the first and , second superabsorbent materials.
Accordingly, both materials preferably have a GLP value of
at least 6, preferably at least 6.5 and most preferably 7
to 10 or even 12 or 15m1/cm3/sec.

In another embodiment, .the first and second
superabsorbent materials have différent absorption
kinetics, and in particular the second superabsorbent
material -has faster absorption kinetics than the first
superabsorbent material, for instance having a Dynamic
Swelling Rate of at least 0.2c_;g_'1s'1 and/or a Dynamic
Swelling Rate that is preferably at least 1.5 times, and
most preferably at least 3 times, the Dynamic Swelling Rate
of the first supérabsorbent material. The provision of
this underlying, rapidly absorbing, second superabsorbent
will have the effect of tending to "suck" urine through the

_upper assembly into the lower assembly. The consegquence of

this is that if absorbent bodies according to the invention
are made wherein everything is constant except for the
Dynamic Swelling Rate of the lower, second, superabsorbent
material, the rate of transfer of urine through the upper
assembly and down into the lower assembly will tend to
increase with an increase in the Dynamic Swelling Rate of
the superabsorbent in the lower assembly. Accordingly,

v
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t he absorbent core or other body (excluding any tissue or topsheet if
present), It is generally substantially free of superabsorbent material.

| f superabsorbent material is 10 i ncl uded, the anpunt shoul d be kept | ow
(for instance as in WX1/11163) but preferably the |ayer is wholly free of
super absorbent material, at least in the upgper half, and generally

t hroughout nost or all of its thickness. The |ayer nmay be of foam or other
sui tabl e porowsnetheapigtaferrdsl ampteert albfbuthes iswvaht ok onmedidafs fiimst

fibrous, mat et | Aol ietlea Bl Sale 21 OraReld ion ekl PR el

and net hods of° hak It, are S upper laye
preferably hashas V%t GG@myraésta bidwey bhant mayadie afpfuimsenyken | theasdne

Drip Capacity &f f
der Pned o SEFERIEET) SR8 i ot W ST e e

openness, Sor Roratie hat deasdd hpr ﬁo@”&é‘ﬁb‘laélyuﬁ ndeaskebpid Qi si on
of such a permmﬁn&éa/@pe@datmmwsSecond superabsorbent has a Dynamic

Swelling Rate at least 1.5 times, and preferably at least
3 times, the Dynamic Swelling Rate of the first
superabsorbent, and/or preferably has a Dynamic Swelling
10 Rate of at least 0.2 g/g/s.

When it 1is desired to have superabsorbents of
0 different absorption kinetics or other properties this can
be achieved by using different chemical types or both
providing the same chemical type but having different
15 particle sizes or'physical shape in the first and second
assemblies. Thus, the first superabsorbent material may
mainly comprise coarser material and may have a coarser
average particle size, and the lower superabsorbent
material may mainly comprise finer material and maybe of

20 smaller average particle size.

The use of <coarse particles as the first
superabsorbent promotes the permeability of the layer of
first superabsorbent. The finer particles have a larger
surface to volume ratio than coarser particles, and so will

lH’ 25 tend to be capable of faster absorption than the coarser

particles, provided there is no gel blocking. Confining

the finer absorbent material to the lower structure also

has the advantage of reducing the risk of its escape onto

the skin of the wearer and also reducing the risk of pock-

30 marking which can be caused by the coarser particulate

superabsorbent material penetrating the  impervious
backsheet. '

The particle size of the superabsorbent material is

expressed as a median mass particle size. This is measured

35 by the Sieve Test described below. Generally each is above

50um and usually above 100um, but below 850um and usually

belqy 600um. When the first and second superabsorbents
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| ayer

having a high drip capacity in the core neans that 25

not only does

the core acquire body discharges, such as urine, rapidly, but the |ayer
al so has the potential to transfer these discharges into the subjacent
structure of first particulate superabso*%ent material relatively quickly.

30
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preferably in the range of 600 to 850um (20 to 30 nmesh).
The finer, second, superabsorbent material typically has a
median mass particle size of less than 300 um (50 mesh) but
above 50um (325 mesh), preferably in the range of 100 to
250 um (60 to 140 mesh), and more preferably in the range
of 150 to 250um (60 to 100 mesh}.

As an alternative to using superabsorbent materials of
different particle sizes to provide any required difference
in absorption kinetics between, it is also possible to use
different chemical types of superabsorbent material having
inherently different' absorption speeds. The superabsorbent
materials can be different chemical composition, for
example cross~linked partly neutralised polyacrylic acid or
a starch-based superabsorbent material. Alternatively,
they can be different by virtue of their  production
processes, for example, a "broken-gel process" or an
inverse suspension {(or bead) polymerisation.

Another way in which the superabsorbent materials may
differ chemically is that they nmay be cross-linked with
different cross-linking agents or to different extents, or
one of the superabsorbent materials may be surface cross-
linked, or they both may be surface cross-~linked to
different extents.

Absorbent Core Properties

The absorbent core of the invention preferably has an
Average Theoretical Basis Capacity of at least 0.7ml cmz,
preferably at least 0.8ml cm’? and typically up to 1 or
1.2m1/cm2 or even more.

The Average Theoretical Basis Capacity is calculated
by summing the Basis Capacities of the individual
components to give the Theoretical Basis Capacity of the
core, and then calculating the average per unit area. The

Basis Capacity is termed theoretical because for its

L4
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rst fibrous material is preferably at |least 5cnferr]g[err],
ably at
i err]g[err], e.g., up to 8 or even l1l0cnferr]g[err] or nore. The first
§ious material preferably has a "Drip 5 CapaC|ty" of at |east 10n

| east 6¢cnjerr]g[err], and nost preferably at | east

dtdi.\@fliheb theamagi1f;|idtmuheapaeuﬂie§ndaxﬁdm&mé@ bedwigd it 1s

the Basis Capacity of the superabsorbent material is
calculated assuming the "Teabag Retention" capacity. The
"Teabag" capacity is measured by the Teabag Retention
Capacity Test described below.

In calculating the Average Theoretical Basis Capacity,
the absorptive capacity of each of the fibrous materials is
measured by the X,Y¥-Demand Absorbency Test described below.
In this test airfelt typically absorbs about 4g synthetic
urine per gram of dry fibres, and chemically cross-linked
cellulose as dedcribed in U.S. 4,898,642, for example,
typically absorbs about 6g synthetic urine per gram of dry
fibres at a pressure of 20g cm’? (0.3psi}).

The absorbent core of the invention can be made
relatively small and thin and compact, and yet can have
high absorbency.

The stack height or caliper of the core or other
absorbent body of the invention as mnmeasured at 2()0rg{cm'2
(3psi) (unless otherwise stated) in a Stack Height Test,
described below, is generally not more than 9 mm, and is
preferably not more than about 7.5mm and it can be S5mm or
e#en less.

The absorbent core preferably has an Acquisition Rate
of at least 1.5ml s ' at 50% of the theoretical basis
capacity. Preferably the value is at least 2ml/sec. It

.can be up to 5ml/sec or more. Since the absorbent core of

the invention may comprises different amounts of
superabsorbent materials in different areas, and may
include different superabsorbents, having different
absorption kinetics, the fluid acquisition profile of the
core may vary from point to point both in the XY plane and
in the Z-direction, and will vary during acquisition. It

is therefore thought more realistic to measure the
&
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mcally stiffened cellulosic fibres are stiffened, tw sted, curled
f lulosic fibres which can be produced by internally cross-1inking

| ul ose fibres with a cross- 20 | i nki ng agent. The types of stiffened,
i'sted, curled cellulosic fibres useful sas the hydrophillic fibre materi al
t he absorbent structures described herein are described in greater
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of urine into an absorbent structure and measures the rate
at which the structure acquires a load of synthetic urine.

In addition to having good fluid acquisition
properties, the absorbent core of the invention has good
fluid uptake properties. The core preferably has a Fluid
Uptake Rate of at least 0.05 grams urine per second per
gram dry material (g g~1 sq), and preferably more than 0.06
g g' s'. It canbe up to 0.1 gg''s' or more. Fluid uptake
is a measure of the efficiency of the absorbent core
structure to absorb fluid and then readily distribute it.
It 1is the value Xgo/tgo measured by the X,Y-Demand
Absorbency Test described below.

A further consequence of the fluid handling and
absorption properties of the absorbent core or other body
of the invention 1is apparent from its good rewet
properties. The absorbent body the invention can have a
Rewet value of no greater than 0.6 g synthetic urine,
preferably no greater than 0.3 g, and most preferably no
greater than 0.2 g. ‘A low rewet value indicates a high, or
efficient, urine retention by the absorbent cdre, or the
absorbent article in which it is incorporated. 2 high
rewet indicates poor urine retention, which may lead to
accumulation of urine on the surface of the core or article
thereby causing rewetting of the user’s garments and/or the
user itself. Rewet is measured by the Rewet Test described
below.

Manufacture of the Absorbent Body

The absorbent core or other body of the invention can
be made by air laying, or by wet laying, the appropriate
materials (fibres and superabsorbent) in sequence in
conventional manner, or by assembling preformed layers, for

&
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F1'0 Schoggen et al. on Decenber 26, 1989; U S. Patent 35
"Process For Making Wet-Laid Structures Containing Individualised
¥ned Fi bres", issued to Bourbon et al. on Decenber 26, 1989; and
10 4, 898, 642 entitled " Twigst ed, Chemical ly Stiffened
H osi ¢ Fibres And Absorbent Structures Made Therefront,
: 5onI Febraias Ve Df 18@0sup8shBadrbbntishagesiais encdeselliveashbolibhr es,

al so

T i_bl f | the.l f het i | i b :
F ) el & eivipncrabit shubharhial frereel” Sitaprahpla. $Bies

4,889, 597

u. S

i ssued to Moore

thyl enez, Yl y18 Dyl 68-Avi2s 06 5a5ddeayonbe febheds ofardrblagdnponent
s of thesg Il efdlSatl XA nY Lhr8tif Bhiy axih 1WyRREm Wdikkedang

5

10

15

20

25

30

35

GB-A-2,175,024 and EP-A-330,675 describe the incorporation
of superabsorbent material into the absorbent structures.
Combined processes in which some components are air laid
and some are introduced as preformed layers can be used.
Additional layers can be incorporated in the absorbent
body and, as mentioned above, tissue layers can be
incorporated. For instance tissue layer may encapsulate
the first superabsorbent material and/or the second
superabsorbent material. A tissue layer may be included in
or around, for instance, an upper layer in the 1lower
assembly formed of gecond fibres.
Absorbent Articles '

According to a further aspect of the invention an

absorbent article comprises

a liguid pervious topsheet,

a ligquid impervious bécksheet, and

an absorbent core as described above interposed

. between the topsheet and the backsheet with the first
structure positioned towards the topsheet and the backsheet
is positioned towards the second structure.

The article may be, for instance, a sanitary napkin
but is preferably an incontinence article, a training pant
or a disposable diaper. It may be constructed in a
conventional manner.

For i_nstance the backsheet may be secured to the

_absorbent core by attachment means. These means may be a
uniform continuous layer of adhesive, a patterned layer of
adhesive, or an array of separate lines, spirals, or spots
of adhesive. Adhesives which have been found to be
satisfactory are manufactured by H. B. Fuller Company of
St. Paul, Minnesota and marketed as HL-1258. The adhesive
preferably comprises an open pattern network of filaments
of adhesive as is disclosed in U.S. Patent 4,573,986

[ 4
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10 cel lul ose (as above) or other natural fibres. Typically such a

m xture will have at |east about 5% synthetic fibres, and preferably at

| east about 10% synthetic fibres. The first fibrous material |ayer is
generally formed by air laying the desi f2d fibres during or prior to the 15

production of .. th sor ben coJ.e but i ' f

non- woven an§lﬁéF%orﬁ§?FpP3F§18r %?ﬁg?"E?BF%E?gﬁgF;??%fﬁ%géebgHﬁggz. The

- super absor bdstsuegy ¢ Mdnsitsflangtnalnby Baréhrsi ;%%éramgt#tnﬁﬁf¢ﬁﬂQ¢Yal may
be formed i %evé%a'log%e%arotf Yareh s vd 18 REAHS 018y Cintiila RESfRAE01Y 15

a separate l[ayer and nay be separated fromthe acquisition |ayer q; a
ti ssue or otedrtdrayenchhas betislustratrt dntbe aprarpépst apdiprthods

super abgor beplo Bt vl |batént ™O51 D178 hakstbias doayssrapnsi St ngori Nl
of 25 first superabsorbent &aterlal shoul d gllom1ur¥ﬁ2? Iréﬁitfluidg

or other bo@Ft@RSIhdrgd® tHatl -ate FAFH it $460 15Sued £6P1é

et al on November 22, 1978; and U.S. Patent 4,842,666
issued to Werenicz on June 27, 1989. Each of these patents
are incorporated herein by reference. Alternatively, the
10 attachment means may comprise heat bonds, pressure bonds,
ultrasonic bonds, dynamic mechanical bonds, or any other
suitable attachment means or combinations of these
attachment means as are known in the art.
The backsheet should be substantially impervious to
15 ligquids (e.g., urine) and is preferably manufactured from
a thin plastic film, although other flexible liquid
impervious materials may also be used. The backsheet
prevents exudates absorbed and contained in the core from
wetting articles which contact the absorbent article such
20 as bedsheets and undergarments. The backsheet may thué
comprise a woven or nonwoven material, polymeric films such
as thermoplastic films of polyethylene or polypropylene, or
composite materials such as a film-coated nonwoven
material. Preferably, the backsheet is a thermoplastic film
» 25 having a thickness of from about 0.012 mm (0.5 mil} to
about 0.051 mm (2.0 mil). Particularly preferred materials
for the backsheet include RR8220 blown films and RR5475
cast films as manufactured by Tredegar Industries, Inc. of
Terre Haute, IN. The backsheet is preferably embossed
30 and/or matte finished to provide a more clothlike
appearance. Further, the backsheet may permit vapours to
escape from the absorbent core (i.e., breathable) while
still preventing exudates from passing through the
backsheet.
35 The topsheet is positioned adjacent the body surface
of the absorbent core and is preferably joined thereto and
to the backsheet by attachment means such as those well
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by and distributed by the first fibrous |ayer to pass rapidly through and
be distributed beyond the |ayer of first superabsorbent material wthout
significant bl ockage 30 by that |layer. The anpunt of the first
superabsorbent material should be sufficiegtt to provide at |east a
substantially overall |ayer of superabsorbent material when swollen by
absorption of kmiown | bnuddie aThe super absot bbereimertlae termsullipynesg”

in particul ate Jigp dd dch Z;;l%alt?’in&gf‘éé}?éfé(b{ ﬁ%rt\iéléﬂex*i‘@_ PEegePbctyan

amount of at |east about 20g/ It provides a
substantial |y &fsugad | kperthe oatdien helamsott P¥ AL fleaig sé8en] etppent
General ly the l@ayeictSRowd tH igd® e 1dh&kt ANdhdosoBE | urd BEon8MHBE by S

bel ow Szog/n[%wg’eléﬁghl1iéxﬁég%rectly secured to the other element by
affixing the element to intermediate member(s} which in

turn are affixed to the other element. In a preferred

embodiment of the present invention, the article is a

diaper wherein topsheet and the backsheet are joined

10 directly to each other in the diaper periphery and
elsewhere are indirectly joined by directly joining them to

Iﬂ. the absorbent core. -

The topsheet is compliant, soft feeling, and
non-irritating to the wearer’s skin. Further, the topsheet

15 is liguid pervigus permitting 1liquids (e.g., urine) to
readily penetrate through its thickness. A suitable
topsheet may be of natural and synthetic fibres.
Preferably, the topsheet is made of a material that is
hydrophobic to isolate the wearer’s skin from liquids

20 contained in the absorbent core. There are a number of
manufacturing technigues which may be used to manufacture
the topsheet. For example, the topsheet may be a nonwoven
web of fibres spunbonded, carded, wet-laid, meltblown,
hydroentangled, combinations of the above, or the like. A

l!!l 25 preferred topsheet is carded and.thermally bonded by means
well known to those skilled in the fabrics art. A preferred
topsheet comprises a web of staple length polypropylene
fibres such as Sawabond (trade name) manufactured by
Sandler GmbH & Co. KG, Schwarzenbach, Germany.

30 An absorbent article comprising the absorbent core of
‘the invention generally has a caliper that is substantially
the same as the caliper of the absorbent core, and is
usually not more than, for example, about 10% above the
caliper of the core. The absorbent article can be made to

35 a greater caliper, by for example incorporating additional
absorbent fibrous, for example tissue, or other material on
one or both sides of the core, but unless the material is

L 4
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5 200g/ nferr]. Lower Assenbly The |ower assenbly serve as a storage
and redistribution assenbly and includes an upper, usually fibrous, |ayer
and a | ayer of second superabsorbent 10 material. The upper layer in the
| over assenbly is generally fibrous but can be formed of foam or other
suitable capillary or porous material. It p2®vides void space for storage
of 1iquid. The fibrous or other material of this 15 | ayer can add an
extra stage of €BheFbPAt@araEUbDbYoklpi$ arrpdetinastof romethbspe heox nbody of
the invention. thEOoaprkBghaReecbieMy Sl ow down the passage of body

di scharges as they |l eave the first superabsorbent and r|or to them

reaching the second $hpt? abdFHcirulaly &dvantagerst 'Fglesl?@)en #an Hhat e
t he chances of gEhpbe@i(ldﬂ@l@ﬁ(ah‘ffi@Deldhrt e $aGpndnasdpRpabsosR@nfet can

material, andhathgoog absorptlon properties. The thin conmpact nature
is beneficial for manufacturing and packaging reasons and
is convenient to the user.
Referring to the dimensions on Figures la to 1lc¢, in a
typical diaper for a baby in the weight range 9 - 18kg
10 width ¢ is about 7.6cm (3"), width d is about 10.2cm (4"),
length e is about 25.5cm (10"), and length f is about 40cm
oo (15.7%) .
Although the various layers of the absorbent body may
be co-extensive, it is often convenient for the upper
15 assembly to covet only those parts of the storage assembly
that can be expected to receive the highest initial load of
urine, menstrual fluid or other body discharge. Thus the
upper assembly may be in the front half or two thirds of
the diaper. ]
20 Additional Embodiments of the Invention
Although the use of superabsorbent bodies and articles
wherein the first superabsorbent material has the GLP
values defined above is very valuable, other wvaluable
absorbent bodies are those which comprise in sequence from
‘ 25 the top,
' an upper assémbly comprising an acquisition layer, the
upper assembly also comprising a first superabsorbent
material having a substantially non-decreasing Dynanic
Swelling Rate (generally as a separate layer beneath the
30 acguisition layer), and .
a lower assembly comprising a second capillary
material and a second superabsorbent material having a
Dynamic Swelling Rate of at least 0.2g9/g/s and an
Absorption Against Pressure of at least 15g/g, and
35 preferably at least 20g/g, at SOg/cmZ, wherein the Dynamic
Swelling Rate of the second superabsorbent material is at
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ful arly useful in those enbodi nents where the second superabsorbent

st er absorption kinetics and so tends to be nore sensitive to this

EpENON. 25 The second fibrous nmaterial nay conprise fibrous

®ti al of any conventional type. The fibpgus material can be airfelt, a
qire of natural and synthetic fibres, chemcally cross-linked cellul ose
.6 or any otkastknown fimeoushenbgmiaaicc@wenl ingisrdtien otbsordesdcend es

absorbﬁgbﬁggﬁ) %%:%%‘nt kn t%? [ red it may include sonme fibres of the
e

e type as t |rs foud Svat erlal Each fibrous layer may add

}egri ty and may affbe aggesomissesdlyo maye caygurizmtar orppeTecaippeitiayer
g be subs nt uapw %ﬂ@wl h4yf nge of f?i%z%égerafé%bw eri gbﬁ%ﬁ@, tdus
#/ be an air felt _or other fibrous or storage ayer forned in"t absence
i super abBor bEAPL1AAREY] alaterFad |loker 1}%y@rrec’-£¥qbn"éh Be first fibrous

material, all as described above. Preferably it has a wet
compressibility as described above.

The second capillary material may be foam or other

porous or capillary material but is preferably a second

10 fibrous material. Preferably the first structure comprises

in sequence the upper acquisition layer having the defined

wet compressibility and drip capacity formed of first

E’i material and a layer comprising the first superabsorbent

material, and the lower assembly preferably comprises in
is sequence an upper, layer of second fibrous, foam or other
capillary material and a lower layer comprising the second
superabsorbent material. The general construction and
properties of the layers, except for the particular
‘superabsorbent materials, may all be as described above.
20 Even when the first superabsorbent material has a GLP
that is relatively 1low, this construction can give
beneficial results because of the difference of rates of
absorption of the first and second superabsorbeﬁce, coupled
with the substantially non-decreasing Dynamic Swelling Rate
. 25 for the first superabsorbent.
Test Methods )
All tests are carried out at about 23 #2°C and at
50£10% relative humidity.
The specific synthetic urine used in the test methods
30 is commonly known as Jayco SynUrine and is available from
Jayco Pharmaceuticals Company of Camp Hill, Pennsylvania.
The formula for the synthetic urine is: 2.0 g/: of XCl; 2.0
g/l of Na,S0,; 0.85 g/l of (NH,}H,PO,; 0.15 g/l (NH,)H,PO,;
0.19 g/l of CaCl,; ad 0.23 g/l of MgCl,. All of the
35 chemicals are of reagent grade. The pH of the synthetic
Urine is in the range of 6.0 to 6.4.

This Sheet Has B n Replaced

Ui



Eparately formed | ayer conprising second superabsorbent material.
ayer may be a blend with fibres or may consist mainly of the
absorbent material. However it is often desirable for the upper and
5 layers to be forned as in EP-A-238683, wherein the upper and

guer |ayers g o[OV|d d_b an ai.r laid f|brous‘ﬁatrhx whereln npr e _t han
#lf by wei ght5==&rmer—fS i 59RO b he FGRPISGR LR zpbct nt
fterial in tbaﬂﬂgMﬂViﬂHbHSWWH Iayers isin the |ower hal f of the
thi.ckness of the 1 oy [ ign Q, £90%
ghten 70 or 75 to 3@e gg&?&eaégdg Wﬁ% 5 é?%é%%ﬁ‘ %é?% sorben %%?érla

ifs*in the | owsMcBOSsof st I:iespmbkzdebslgw pneanppqmanélehbmachazyer swhiclhere
gan be soge, LRoviRRARC &onlild HI%00{a IRIIddmSond 18 3WA & #hessecond

super absor ben . )
Four 30g portions of dry fluff (or equivalent

material, for example chemically cross-linked cellulose)
are weighed out. A ply of tissue porous enough for air to
pass through it while retaining fluff on it, is cut to
10 36.8cm X 36.8cm {(14.5" x 14.5%"), and is placed evenly on
the forming screen (22) of an air laid felt padmaker
ii machine shown in Figures 2 and 3 21. The tissue (not
shown) completely covers the forming screen and is made to
curve up at its sides to prevent escape of the fluff. The
i5 tissue forms the Qottom of the pad.

The vacuum 22, chamber mnotor 24 and compressed air
supply on the padmaker machine are turned on. One 30g
portion of fluff is added to the sample chamber 25 on the
padmaker machine in small amounts via the sample feed 26

20 and without obstructing the blades 27 of the machine.
Compressed air is circulated vigorously in the chamber to
expedite separation and passage of the fibres through the
plexiglass cylinder 28 and the prismoid column 29 to the
forming screen 22.

l" 25 The vacuum 23 is turned off and the forming screen 22
is pulled out of the padmaker machine 21 and rotated
through a quarter turn in the clockwise direction. The
screen is returned to the padmaker machine. Another 30g
portion of fluff is added to the chamber 25 on the machine

30 and the above procedure is repeated. Fluff is added in the
same manner until all four portions have been transferred
to the forming screen. The forming screen, and the pad
formed thereon, is then removed from the padmaker machine,
and the pad is carefully transferred from the screen to a

35 piece of cardboard, or similar smooth flat surface. A
second ply of tissue is added to the top of the pad, and a
second piece of cardboard placed on top of that.

¢
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iiﬂi;;f_“;;;;rial in the upper half of the thickness of the upper an e

| ayers. Cenerally the upper and | ower |ayers are provﬂméﬂe ng a
‘bl end of appropriate wood pulp or other hydrophilic f| ce on
to a conventional air 20 | ayi ng drum or ot her receiV| The

di stribution of superabsorbent material through the thlc ness of upper and
| oner storage | ayers can be achi eved by a 5ﬁopr|ate selectlon of the
di stribution of super bept t r n
carried down on togf hggp%gi S?% g?wﬁn ;Ralgneért%% aér)l;c%égécis) %"sésgé)(r%bgd in
EP 198683, or 35.fFm X g k@mngl4" of 146tﬁeiﬂbsbaVlstﬁrWQEthQOf aheund

super absor bent ¢ rm; t h?sékEsLal cisrrat;nabélf 1 &ni Stbgr MR ORfidie gggei beg
surface. Wien air %ﬁﬁ such a matri x eneral ly 30 desirabl e

additional |y QRPrﬁﬁ Y o120 %Pomgﬁer‘§hbgP5ﬂ?Fm93F#¥eEh6fpad is
super absosbentmewmiertJ alThhivdlight dig then removed and the pad is pressed

by application of a force of around 4,500kg (10,0001bs) on

a large Carver press to improve pad integrity. The pad is
removed from the press and trimmed on a paper cutter to
have dimensions around 30.5cm X 30.5cm (12" x 12%), and is

10 then further cut according to the size required by the
particular test in which it is to be used.

The use of a padmaker machine to form the sample pads
is not intended to be limiting. Any suitable method can be
used provided a consistent and homogeneous laydown of fluff

15 is achieved, whﬂﬂl is then compressed under the above
conditions to give a pad having substantially the same
density and basis weight as achieved above.

Wet Compressibility Test

This test is designed to measure the volume of a pad
h 20 of fibrous material under varying load conditions when wet.
i The objective is to measure the fibrous material’s
resistance to load by measuring the volume maintained under

that load.
% A fluff test pad is prepared as described above. Any
25 tissue present on the surfaces of the pad is removed. The

pad ‘is then densified under a 3.6kg cm® (Sipsi) load for
pad integrity reasons using a Carver laboratory press. The
thickness of the pad is measured and its fibre density
calculated by pad weight + (pad thickness x pad area).

30 The dry weight of the pad is muitiplied by 10, and
this represents the target wet weight on loading. The dry
pad is transferred onto a top loading balance having a
0.01g sensitivity. Synthetic urine is dispensed slowly
onto the pad until the target wet weight is achieved as

35 measured by the balance. The wet pad is carefully
transferred onto the surface of a compressibility tester of

the Buckeye design, and a weight having substantially the

L4
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laid with and beneath the | ower | ayer. Instead of or in addition to this a
| ayer of separately formed tissue or other fibrous material may be provided

in this position. 35 ~ Typically the amount of second superabsorbent
material is 30 to 95% preferably 45 to %%% by weight of the upper 13
and | ower | ayers. Its total weight is typically in the range 100 to
2000g/ nf err] sé&&pekﬂhgprbﬁﬂt s erpad s @asoﬁglt@@l@cﬂefknligp@c@j fangt
super absor bent |a mhlch can be %n%hudedzlz 3efu nts |€ t hat
| ayer is thecé’eq ‘iséif’é} bt PRSP SVELE L &7 B) “Readdr &858 %ﬁe ‘Ei@? st

descri bed i n glswiyestnipet tbds phdl.ow.The T;bmdf isstleSip efroad 5y estorakd etdal
shoul d generthyoma\-{@ atcgl equilibrate under the locad, and then the
5 thickness of the compressed pad is recorded using calipers.
The Wet Compressibility is the void volume per gram of
dry fluff and is calculated as follows:
Void Volume (cm’) = Total Volume - Fibre Volume

= (pad thickness under load (cm) x pad area (sz)) - {(pad
i0 dry weight (g)/fibre density (g cmﬂ

Wet Compressibility = Void volume per gram = {(pad

thickness underload (cm) x pad area (cmﬂ) - {pad dry wt.

(g) /fibre density (g cm™)] + pad dry wt. (g)
where fibre density is calculated from the initial pad
15 weight and thickness measurements (i.e. under no load
conditions).
Drip Capacity Test

A sample pad prepared as described above is cut on a
paper cutter to have dimensions 7.5cm x 7.5cm. The pad is
20 weighed and is placed on a large mesh wire screen which is
in turn positioned on a drip tray. The whole apparatus is

then mounted on a top-locading balance.
Synthetic urine is introduced via a pump (Model 7520~
00, as supplied by Cole-Parmer Instruments Company,
‘. 25 Chicago, USA) into the centre of the sample pad at a rate
of 5 & 0.25nml sq. The time for the pad to release the
first drop of syﬁthetic urine through the bottom of the pad
and into the drip tray is recorded. The pump is immediately
stopped as soon as this occurs. The time recorded and the
30 pumping rate are then used to calculate the volume (ml) of
"synthetic urine absorbed by the sample on reaching
saturation, i.e. when the sample starts to drip. The
balance can be used to check this periodically, thereby
minimising = any variation in the pump delivering the
. 35 synthetic urine. This is known as the Drip Capacity, and

is given as the ratio:
Urine retained by sample pad on saturation {ml)

L4
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| east 6, preferably at least 9, for instance 10 nore than 15
x10[err] cnferr] sec/g or nore. The objective of the Gel Layer
(GP) test is to determne the saline flow conductivity of the

rmed froma dispersible AGM4{gat is swollen in Jayco synthetic

a confining pressure. The flow 15 conductivity provides a

he ability of theogplwégg@f 5Qr§gﬂpié0@%ﬁ swol l en AGMto

:lstrlbute fluld during, i n an absorbent structure. Darcy's

= 18 sed for measuring gel- |ayer
ando. BMtgl; ntamtrtga nesaleistte 0. 0Ly @D dr;cmxﬂlmtabsdnbent( See,

aEPRIPIEAE praBla Mor Sraidita A v B fiye Billoussns
glenmep@rga»rfonGPmmssa he¥ght Pafek23 2mm 121 )a Wed lgdih ickyessused
biet %, %E%%Ur%%ﬁ%%ﬁ1@$s%§po£@@a“%$'%éf%@%éﬂdal a RO oy €0

ine fo
by plac1ng in a test tube stand. (Only previously unused

test tubes should be used in this test, and should be
discarded after use).

10ml Jayco synthetic urine is added to the test tube
using an automatic pipette at a rate of about 5 ml s'. as
the synthetic urine is added the superabsorbent material
begins to swell, forming a front that moves upwards in the
test tube. The height of the front is recorded as a
function of time,, either manually or using an image
analyser after video recording. The height of the front is
then translated into momentary X-load, X{t)-load, of
synthetic urine per gram dry superabsorbent material,

wherein X(t) = h{t) x 28, where h(t) is the length of
’ " H

the swollen superabsorbent material up the test tube at
time t, and H is the total height of synthetic urine in the
tube that would correspond to a total X-locad of 28 (10g
synthetic urine absorbed by 0.358g superabsorbent gives a
X-load of 28}; the X-locad being the weight in grams of
synthetic urine that 1 gram of dry of superabsorbent

material can absorb.

30

35

40

The X(t)-locad is then plotted against time. It is
assumed that the equilibrium absorbent capacity of the
superabsorbent material under test is greater than 28g gq.
.. The ratio of the X(t) ~load to the time t at which it
is measured is called the "Swelling Rate Function" (SR},
and is the average swelling rate in achieving X(t), i.e.
SR(t) = X(t).

The 3':Dynamic Swelling Rate'™ (DSR) is the value of the

swelling rate function when X(t) is 28gg’", i.e.
-1

DSR = 28
tn, . -1
where t,, is the time to reach X(t) = 28 g g .
¢ This Sheet Has Been Rep
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_.period of 60 mnutes. The gel layer is fornmed and its flow
Buctivity neasured in a piston/cylinder apparatus under a nechani cal

.2 400 nesh screen 30 to retain dry-swollen AGM and permt absorption

Q.ﬂduct|V|ty s me r 1.Rg 8M Nadl solutlo For._an ,AGV.whpse
ptiake of Jayco syn e?ﬁb %F?ne%$§?%%s t PHEY Ras® %aﬁ?ﬁ”ﬁﬁyOflegéﬁled
of ., this 35supmksnrkenonneterdal Haiwe bma’nef@ahd qam na¢ nsaiid tte be
: flckness of t,he a8l d o5t ot | d r| :
ffmaabl lity measurev 1%%’%%&\-{ sone %'353‘1: r?l{@@%anges ge J[r%}grtlme
thCkness can Wdduree & sgpqggﬂﬂ;akﬁy/hmﬁlzontal line. This means that

5 the function SR(t) 1is substantially constant.

Alternatively, with some materials permeability
increases during swelling, in which case SR(t) increases
with increasing time, also showing the absence of gel
blocking. If gel blocking occurs, however, permeability

10 decreases during swelling SR(t) decreases with increasing
time.
In the context of this application a superabsorbent
,.p material is said to have a substantially non-decreasing
dynamic swelling rate if the swelling rate function does
15 not decrease substantially between the two times t,, (the
time when the superabsorbent material is swollen to 50%,
i.e. where X(t) = 14q g ') and t,s, as defined above. That.
means the relative deviation [SR(ty,) — SR (ty)] + SR (t,)
of the swelling rates at t,, and t,; is less than 50%,
20 preferably less than 25%, more preferably less than 10% or
most preferably less than or egual to 0%.

Absorption Against Pressure Test )
This test measures the ‘absorptive capacity of a

superabsorbent material absorbing against an external
25 pressure of 20g cm® (0.3psi), in terms of the uniaxial
swelling oOf the . superabsorbent material against that

pressure.
A ceramic filter plate having a diameter of 120mm and
0 porosity (ceramic filter Duran from Schott) is placed in
30 a petridish having a diameter of 150mm and a height of
30mm. 0.9% by weight sodiun chloride solution in distilled
water is added to the Petri dish so that the filter plate
is covered. A round filter paper having a diameter of
125mm (Schwarzband 589 from Schleicher and Schull) is
35 placed on the filter plate and is thoroughly wetted with
the sodium chloride solution.
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i ning pressure of 0. 3psi. The bottom of the cylinder is faced with a

a' z- direction transport of urine. The Bilston S perrreable to fluid. Flow



nel |ing, AGM deswel | ing, and/or changes in gel-layer porosity. A constant
hydrostatic pressure of 4920 dyne/cnferr] 5 (5¢cm of 0.118M Nad ), above
Jthe gel layer, is used for the neasurenent. Flow rate is determ ned by
measuring the quantity of solution flow ng through the gel |ayer as a
function of tinme. Flow rate may vary ove# the duration of the 10

experi nment. Reasons for_flowrate variation include changes in the

hi ckness of the gel BISrglass dydideern haHOY _ScbBNeYy dianefer Qf (§oxm
luid, as the fjuid, hfint add Yo EESGE bR 5@, Stid | @ oyed dst Wakeh bdt®on
exanpl e, can coptain dissol vgd extra tgglﬁ g{ol ynmer) is replaced with 15
NaCl sol ution.WitR #| B3GF PaRelt LR nE1REReABEATY AREN tERES Rt Pald Ak S at e,

typically obtabneslsty ex00 apsdleli ng t9000past el ddoBy oft esipletadeaior Hente,
L5105 L oL gL el o SSPIYRLLY! Ly g P NAadRUE I b
a clean and dry Plexiglass cylinder, as described. It is

necessary to obtain a homogeneous distribution of

superabsorbent material on the mesh.

A cover plate having an outer diameter of 59mm +/-

10 0.1lmm, an inner diameter of 51mm and the height of 25mnm,

having an attached wéight having a diameter of S50mm and a

height of 34mm, has a total weight of 565g, which

correspond to a pressure of 20gch (0.3psi). The cover

plate and weights are placed in the cylinder and the

15 complete cylinder apparatus is weighed on a balance to the
nearest 0.0lg. The complete cylinder apparatus is then
‘placed on the wetted filter paper in the Petri dish, and is
allowed to absorb for 1 hour. The cylinder apparatus is
then removed from the filter plate and is re-weighed.

" 20 The cylinder apparatus and filter plate should be
cleaned thoroughly between measurements, and the sodium

chloride solution and filter paper should be renewed after

each measurement.
The absorption against pressure (AAP is calculated as
25 follows: '
AAP = ([(weight of cylinder apparatus after

absorption) - (weight of cylinder apparatus when
dry)] + (initial weight of superabsorbent
material).
30 When the value is to be measured at SOg/cm2 {0.7psi)
" the weight is correspondingly increased.
Performance Under Pressure (PUP) Test

The PUP test determines the following Performance

Under Pressure parameters for an AGM that is laterally

35 confined in a piston/cylinder apparatus under a high
confining pressure:
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« hydrostatic pressure. For systens where the flowrate is

stantially const ant, a gel -l ayer pernmeability coefficient can be
culated fromthe saline flow conductivity and the viscosity of the NaC
ution. Another way of defining useful Jfaterials is in terms 25 of the

ic Swelli te. | t.abl Jdal s h tyally.
- Gecr casi ng byrim ¢ XgEHh R e FE iR B Al SRR Lliadifs ot

per absor bent mat eri algmscm /egasiune of the uniaxial swelling of the

per absorbent material 10, ;4855 : | € A ihe dis 3 it 30
a function of t;?rre. Cr.%at{é{:sf Errjéxil ho %ésg?%fh I%'Stﬁgesib%e lgfng?negm%\%l l'ing
rate is called theflyrebiectine| phgtiattegbsis srdassegsséhrbdarBetorf By

ayi ng that tiis-vaeldddig el en 8enbhat apsbapt YohSasabsiaid ittdnsport by
on-decreasin an that, the relative deviation qof the Swelling Rates,
S35 oxpl Ao DPT n REF BRI AR ff BFePnet BaBPnBERGE tEAGA DG
ess than 50%n @ eliapdaty | ess than 25% nore
The test fluid for the PUP test is Jayco synthetic
urine. This fluid is absorbed by the AGM under demand
10 absorption conditions at near-zero hydrostatic pressure.
A piston/cylinder apparatus 1is used to laterally
confine the AGM and impose a specified static confining
‘ pressure. The bottom of the cylinder is faced with a No.
400 mesh screen to retain dry/swollen AGM and permit
15 absorption and z-»di}”ection transport of urine. A computer-
interfaced sorption apparatus is used to measure urine
absorption versus time.
A piston/cylinder apparatus is used for this

neasurement. The cy l_inder is bored from a transparent
20 Lexan rod (or eguivalent) and has a inner diameter of
6.00cm (area = 28. 27cm2) , with a wall thickness of

approximately S5mm and a height of appromiately 5cm. The
pottom of the cylinder is faced with a No. 400 mesh
stainless~steel screen cloth that is biaxially stretched to

9 25 tautness prior to attachment. The piston consists of a
Teflon "cup" and a stainless steel weight. The Teflon cup

is machined to fit intc the cylinder within tight
tolerances. The cylindrical stainless steel welight is
machined to fit snugly within the cup and fitted with a

30 handle on the top. The combined weight of the Teflon cup
and stainless steel weight is 1390gm, which corresponds to
0.70psi for an area of 28.27cm’.

The components of this apparatus are sized such that

the flow rate of synthetic urine through the apparatus

35 under a 10cm hydrostatic head is at least 0.0lgm/cmz/sec,
where the flow rate is normalised by the area of the

fritted disc in the apparatus. Factors particularly

14
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nder Pressure value is

ue of at least 15, and 5 generally at least 20, g/g at

¥ preferably less than 10% and nost preferably |ess than or equal to zero
ircent. The first superabsorbent materi al

The Perfornmance Under Pressifre value is generally nore than

The apparatus’ reservoir is positioned on an
analytical balance that is accurate to 0.0lgm with a drift
of less than 0.lgm/hr. A more accurate/stable balance is
preferred. The balance is preferably interfaced to a
computer with software than can (i) monitor balance weight
change at pre-set time intervals from the initiation of the
PUP test and (ii) be set to auto initiate on a weight
change of 0.01-0.05gm, depending on balance sensitivity.
The dip tube entering the reservoir should not contact
either the bottom of the reservoir or its cover. The
volume of fluid in the reservoir should be sufficient such
that at least 40m1.can be extracted during the experiment
without drawing in air. The fluid level in the reservoir,
at the initiation of the experiment, should be -2mm below
the top surface of the fritted disc. This can be confirmed
by placing a small drop of fluid on the disc and
gravimetrically monitoring its slow flow back into the
reservoir. This level should not change significantly when
the piston/cylinder apparatus is positioned on the frit.
The reservoir should have a sufficiently large'diameter
(e.g. ~l4cm) so that withdrawal of ~40ml results in only a
small change in the fluid height (e.g. <3mm).

Jayco synthetic urine is prepared by dissolving a

mixture of 2.0gm KCl, 2.0gm Na,SO,,0.85gm NHH,PO,, 0.15gm
(NH,),HPO,, 0.19gm CaCl,, and 0.23gm MgCl, to 1.0 litres with
distilled water. The salt mixture can by purchased from
Endovations, Reading, Pa (cat no. JA-00131-000-01).
B Prior to measurement, the apparatus is filled with
synthetic urine. The fritted disc is forward flushed with
urine so that it is filled with fresh solution. To the
extent possible, air bubbles are removed from the bottom
surface of the frit and all tubing that connects the frit
to the reservoir. The following procedures are carried out
by sequential operation of the 3-way valves:

L4

M

|

|

g/ g and preferably nore than 30g/g. The second superabsorbent material
houl d have armpslfplien Aystest Peraeahid idiy a2r¢chBe PSIMEARIgAEYeCdbl y

0 at leasted, rr9{gedt a296/ aietHe (Mhrdsi diaReEsssr 8f glibe Renfisigmance
ﬁenerally nore than 20g/g and preferably nore than
0g/ g. Usef ul2hdstFPRS@SRSbe obt ai ned when the sanme nateria
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Fas the first and second superabsorbent materials, 15 I n which

Phe first superabsorbent material will have the sanme Absorption

- Pressure value as the second material . However different

g2l s can be used and in order to optifise performance in sone

gts, and in particular to obtain greater control in the flow and 20
etlon of wurineyand f leyi | I Qt C

fred for the secondg%gtg%rsl afliucidj %%ﬁ?%?%nekl Egg?gg?mﬁ?‘% ir%e

" than those of thefFritéedskyangdsorbent material. This is neasured in

g of the Dynam g, swe{rhbn%oaaitq&f 1RACdh ©fwd enSUPET BRsokbeBLv33r is
gl al s, wherein the déa %&? II|§% rate of _the fl%g super absor bent
W ol is preferably nBfIYF iy PEOPeInd SYEd/ &Py not greater
a1/ 3, »f that o8 theTheccmfh'surler absorthiesriedrabér itdle coir'hec‘alttmlqaltlve
f defining this di f;gg fclg,el %o Q:q%a%ets@lvfog}e Dynam c Swelling Rate of

t he second superabsorbe I's preferably at |east
4. The funnel is covered.

5. The reservoir and frit are equilibrated with
connecting valves open.
10 6. All valves are closed.
The 3-way valve connecting the fritted funnel to
the drain is positioned so that the funnel is
open to the drain tube.

8. The system is allowed to equilibrate in this
15 positien for 5 minutes.
9. The 3-way valve 1is returned to 1its closed
position.

Steps Nos. 7-9 temporarily "dries" the surface of the

' frit by exposing it to a small hydrostatic suction.

20 Typically ~0.2gﬁ of fluid is drained from the system during
this procedure. This procedure' prevents premature
absorption when the piston/cylinder is positioned on the
frit. The quantity of fluid that drains from the frit in

N this procedure (called the frit correction weight) is
g;" 25 measured by conducting the PUP experiment (see below) for

a time period of 15 minutes without the piston/cylinder
apparatus. Essentially all of the fluid drained from the
frit via this procedure is very quickly reabsorbed by the
frit when the experiment is initiated. Thus, it is
30 necessary to substract this frit-correction weight from
ﬁéights of fluid removed from the reservoir during the PUP

test (see below).
0.9gm of AGM (corresponding to a basis weight of
0.032gm/cm2) is added to the cylinder and spread evenly n
35 the screen via gently shaking and/or tapping cylinder. For
most AGMs, molisture content is typically less than 5%. For
these AGMs, the added AGM weight can be determined on a
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second superabsorbent material has faster absorption kinetics, for
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from adhering to the cylinder walls. The Teflon insert is
slid into the cylinder and positioned on top of the AGM.
The insert can be turned gently to help distribute the AGM.
The piston/cylinder is placed on top of the frit, the
appropriate stainless steel weight is slipped into the
Teflon insert, and the funnel is covered. After the
balance reading is checked for stability, the experiment is
initiated by opening the valves between frit and reservoir.
With auto initiation, data collection commences
immediately, as the fritted disc begins to reabsorb fluid.
Data is recorded fpr a time period of at least 60 minutes.
Readings should be more frequent at early times(e.g. 0O~
10min), when fluid is being absorbed rapidly. Recording
data for times longer than 60 minutes, although not
required often reveals interesting phenomena as the AGM
approaches eguilibrium. '

Moisture content of the AGM is determined separately
using the standard P&G method (% weight loss after 3 hr €
105¢C). All values'for gm/gm capacities are reported on an
AGM dry-weight basis.

PUP Capacity is reported in units of gm/gn. PUP
Capacity at any time is determined as follows:

PUP Capacity (t)=[W,(t=0)-W, (t)=W]/{Wyeyqrypasis}
where t is the elapsed time from initiation, W_(t=0) is the
weight in grams of the reservoir prior to‘initiation, W (t)

is the weight in grams of the reservoir at elapsed time t,

Wy
separately), and Wyy.q pasis 1S the dry weight in grams of
the AGM. PUP Capacity is reported for times of 5, 10 30
and 60 minutes after initiation. '

. 1s the frit correction weight in grams (measured

The PUP Absorption/Transport Rate is reported in units

of gm/cnf/secOJ. The PUP Rate at any time is determined as

follows:

s
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egul ar shaped particles as typically produced by a grinding process.
#rcally they are hydrogel -form ng pol ynmers which conprise an acryl ate
ynmer or copolynmer. 10 An exanpl e of superabsorbent materials

ing the above described properties is Favor SX (available from Chenische
ri k Stockhausem GrbH, Krefeld, Gernany In particular, it is

irable to use as the fi rR4P AbspasbEranarert Katmver) SX, Type P, | ot

W1776 15 avallable ti NUGh@ﬂK&?hﬁ febit k Bt pekdeysenhi ch have a
val ue of 9x Ja I‘g i;%cf‘? part{_’cul te su rabsg&gent

erial can bé’ Mt sed it Eng ’p‘b b§8FB Yefrtogets %35 ng
terial, or cmngbrq:)r ige @ramst uﬁe dthesupesabsoiberﬂt 2@lapsedr ogehef ar,m ng
teri al W ALY YE AU U 2 RRUOSLEd SHLLCR: Mg ddd st

syper absor ent ter SO the second superabsorbe
terial, is pﬁdsmedéd%:s, @ﬂ(b_y’@rls the area of the cylinder in units of

cm’. If determined graphically the PUP Uptake Rate is the
tangent to the uptake curve where the y-axis is fluid
uptake in units of gm/cnﬁ and the x-axis is the sqguare root
10 of time, where time is in units of seconds. Whether
determined numerically or graphically, the rate at any

uptake/time is preferably determined after "“smoothing" the
cutput data.

The PUP Absorption/Transport rate typically starts off

15 at or near its maximum value, remains relatively constant

for a sustained period of uptake/time, and then decreases

as the maximum capacity is approached. ©Only the"Maximum

PUP Absorption/Transport Rate" is reported. This maximum

rate typically occurs -early in the absorption process.

20 However, for some AGMs there may be either a lag time due

to slow wetting of dry particles or a very-fast initial

rate due to very-rapid wetting of dry particles. In order
to minimise the impact of both these effects and insure
that the reported maximum PUP rate reflects transport
25 through a sufficiently thick layer of swollen AGN, only
values of Absorption/Transport Rate occurring after the-

uptake of ~0.14gm/cm2

{(~4 gm of fluid) are considered in
the determination of the maximum rate.

Sieve Test

30 The particle size distribution of superabsorbent
) material is determined by placing a known weight of a
sample in a Retsch mechanical sieving device, and shaking

for a specified period of time under defined conditions.

Sample sections is retained on each sieve and the bottonm

35 pan are weighed and reported as percentages of the original
sample weight.
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h consists mainly of the respective superabsorbent 25 material. By

t-*“.'we mean that at |east 50% by weight, and often at |east 70 or 80% by

t of the layer is provided by superabsorbent naterial.

, erably it consists substantially only ®8 superabsorbent by which we

4 t hat the superabsorbent particles should mainly be in contact 30

& each ot her. 19Rhgs+/ ayerSpofsdpr abser denorbant eo himied: rategrial
§ |\ c SuPPRLIGibied SHDHY lsIPRl culGHdcH SEDURERNC YO 44 ) e ol sayer

¥ be uniformor cah be varied, for exanple to provide a shaped design

§ 666 and USsfa4n?3Bs022eclihadtayal pat, qessi $15pf Nsupgoabsabhenty ang
$orial iptegpategd wiih o il SReTREDNd i 8 SYPROTL; Sheely, SUCN y o
15 E-11~61)}. The sample is transferred to the upper most of
3 the series of sieves, and the powder is distributed evenly
around the screen. A stainless steel cover is placed on
g the No. 20 sieve.

10 The nested sieves are placed in position on a Retsch

testing sieve shaker Vibotronic Type VE1 with timer. It is

ity

3 7 ensured that the Retsch 1id fits as tightly as possible
against the top of the shaker. The timer is set for 10
minutes, and started to begin the test. When the shaker

15 has stopped, the nest of sieves is removed from the shaker.

Each of the sieve fractions retained by the sieve is
then weighed, for example by different measurements, to the
nearest 0.1.

It is important to work quickly in this test to avoid

20 moisture pickup by the superabsorbent material.

' The median mass particle size is determined by
plotting the cumulative particle size distribution curve
(i.e. mass-% of material not passing through the mnmesh
openings vs. diameter of the sieve mesh opening) and by

25 interpolating the sieve opening which corresponds to 50% of
the cumulative distribution.

Teabag Retention Capacity Test

The superabsorbent material 1is placed within a
“teabag", immersed in a synthetic urine solution for 20

30 minutes, and then centrifuged for 3 minutes. The ratio of
the retained liquid weight to the initial weight of the dry
superabsorbent material is the absorptive capacity of the

, superabsorbent material.

- 4 ' 21 of 0.9% by weight sodium chloride in distilled

é 35 water is poured into a tray having dimensions 24cm x 30 cm

x 5cm.  The liquid filling height should be about 3cm.
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s a cel | ul ose-based tissue or other non-woven material. The
erabsorbent material may be integrated with the support sheet by bondi ng

T by nmechani cal neans such as enbossing or cal enderi ng. Al ternatively,
% preformed 5 | ayer can consist substa#ially only of superabsorbent
erial in the formof perneable sheets or filmlike structures. Such

ets or filnms cariChioe fexbeey mud:mgansl gineensabneneobchhe supemabanor Hent

i al b t her |, e [ upger r
Borial by adhonliidfe 2081 Mfddiy °3adich! Bltkdlin A’ BHRS18LE
@ U S. 5, 12zﬁq18@mescr|'Bbepm@ses80fh@a6d@@a4@b§weewstbf Posteadard

Fticulate su@ﬁ&bé@rp@agtﬁratQfdgalseémlﬁ?ed@m@a el q. t RRCOBRRK, PLUS
;aerabsorbent is used as 15 th firs and second superébsorbent
& erial 5.2 AccOTd MTSPS b tHFMAR%EY i al s preferably have a GLP val ue of

The teabag 1is opened by carefully cutting it
partially, and is then weighed. A 0.200g +/- 0.005g sanple
of the superabsorbent material is placed in the teabag.
The teabag is then closed with a heat sealer. This is

10 called the sample teabag.

An empty teabag is sealed and used as a blank.

Each teabag is then held horizontally, and the sample
teabag is shaken so as to distribute the superabsorbent
material evenly throughout the bag. The sample teabag and

15 the blank teabag, are then laid on the surface of the
synthetic urine, and submerged for about 5 seconds using a
spatular to allow complete wetting (the teabags will float
on the surface of the synthetic urine but are completely
wetted). The timer is started immediately.

20 After 20 minutes soaking time the sample teabag and
the blank teabag are removed from the synthetic urine, and
placed in a Bauknecht WS130, Bosch 772 NZ2K096 or equivalent

centrifuge (230 mm diameter), so that each bag sticks to
the outer wall of the centrifuge basket. [This can be
25 arranged, for example, by folding an end of the teabag in
the direction of the centrifuge spin to absorb the initial
force?] The centrifuge 1id is closed, the centrifuge is
started, and the speed increased gquickly to 1,400rpm. Once

the centrifuge has been stabilised at 1,400rpm the timer is.
30 started. After 3 minutes, the centrifuge is stopped.

3
&

The sample teabaqg and the blank teabag are removed and

s

weighed separately.
- The absorptivé capacity (AC) for the sample of
superabsorbent hydrogel-forming material is calculated as
35 follows:
AC = [ (sample teabag weight after centrifuging)
~ (blank teabag weight after centrifuging) -+
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f east 6, preferably at
M 15m /cnjerr]/sec. In another enbodi nent, the first and second 20
F@®er absorbent nmaterials have different absorption kinetics, and in
gXticular the second superabsorbent maygrial has faster absorption
detics than the first superabsorbent material, for instance having a
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Ten absorbent articles, or absorbent cores according
to this invention assembled into a chassis including a
topsheet (as described above) and a backsheet (as described
above} to simulate a finished product deliverable to the
market, are typically folded at the centre (doubled over)
to conform to package width and length dimensions. The
stack of 10 articles is precompressed in a hydraulic press
(Thwing—-Albert Instrument Company, Model TA 240-10, Alpha
Hydraulic Press/Sample Cutter, Philadelphia, U.S.A.) under
a load of 800kg for 3 seconds. The precompressed
structures are then placed in an Instron Series 6000
tension—-compression testing device, available from Instron
Ltd. (Bucks, U.K.), and a compression curve is recorded.
The compression curve plots the stack height, or caliper of
the sample stack, as a function of the exerted compression
force. The force is readily converted to determine the
pressure reguired to achieve a given caliper.

The "“stack height® is the height or caliper {(under a
given pressure) of a single article and is determined by
averaging the height measured in the stack height test by
the number of articles in the stack.

Acquisition Rate Test

Referring to Figure 4, an absorbent structure (10})is
loaded with a 50 ml gush of synthetic urine at a rate of 10
ml s using a pump (Model 7520-00, supplied by Cole Parmer
Instruments Co., Chicago, U.S.A.), from a height of 5cn
above the sample surface. The time to absorb the urine is
recorded by a timer. The gush is repeated every 5 minutes
at precisely 5 minute gush intervals until the theoretical

capacity is reached.
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fal, the rate of transfer of urine through the upper 35 assenbly and
‘nto the I ower assenbly will tend to increase with an increase in the
¥ c Swelling Rate of the superabsorbent in the | ower assenbly.

a|ng|y, 18 another preferred aspect ,of the invention resides in
hent bodi es wherein the first superabsorbent material has a GP val ue
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| nst ance haVI n east usua
ast 6, xlO[elar]t@EFE??% sé@ﬁg)d%ﬁa@rm@ds@muebup?é?%b%rBéﬁkShsgta (as

S C Svel | i ngdB@E@l@ed' eﬁ%bvé)5 t§ gear 2 eftqy aliliy at1heasdn 3a tEBBR.
o, SeLling Al o0 s the L SL-SUBE B0 Get e ke 8°LE" RLY
b Dynani ¢ Swett P g perspex box (only

5 is shown). A perspex plate 13 having a 5 cm diameter
opening substantially in its middle is placed on top of the

sample, Synthetic urine is introduced to the sample

through a cylinder 14 fitted and glued into the opening.
Electrodes 15 are located on the lowest surface of the

10 plate, in contact with the surface of the absorbent
structure 10. The electrodes are connected to the timer.
Loads 16 are placed on top of the plate to simulate, for
example a baby’s weight. A pressure of 50g cm’? (0.7psi)
is typically utilised in this test.

15 As urine ib introduced into the cylinder it typically
builds up on top of the absorbent structure thereby
completing an electrical circuit between the electrodes.
This starts the timer. The timer is stopped when the
absorbent structure has absorbed the gush of urine, and the

20 electrical contact between the electrodes is broken.

The acquisition rate is defined as the gush volume
absorbed (ml) per unit time (s). The acquisition rate is
calculated for each gush introduced into the sample.

As mentioned above, it is considered beneficial in

25 respect of the absorbent core of the invention to determine
the acquisition rate on loading to 50% of the theoretical
capacity. To determine this point one can either plot the
acquisition rate as a function of the total volume of
synthetic urine added, and then determine the acquisition

30 _rate on absorption to 50% of the theoretical capacity.
Alternatively, one can determine it directly by taking the
acquisition rate for the nearest gush if this lies within
15 ml of the middle value.

X,Y¥-Demand Absorbency Test

35 The X,Y¥~-demand absorbency test method consists of a

version of a standard demand wettability test. For

reference, standard demand absorbency tests are described
[ 4
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ate of at least 0.2 g/g/s. Wien it is desired to have superabsorbents
fferent absorption kinetics or other properties this can be achieved
Jsing different chem cal types or both providing the same chem cal type
but Jhaving different 15 particle sizes ay2 physical shape in the first and
secqnd assenblies. Thus, the first superabsorbent material may mainly
conpri se coar sigr dretterexajeandP iy (Bde) aAbsarbencayechgptparIi¢l ppsi 86+~ and
the|| ower SuperaDSGEACIl; OBt e5LalndBY BELIL¥nERTPE! §¢, Tl ARL ERhER] Al xARd
maype of 20 srfal I'er” aver age par?lcle Sl ze use oar se

parficles asNaYhrer¥kdinds cLP®Pphbsorbent pronotes the perneability of the

layler of first supepabsgbbephrudNBsbln®o RAdlES Ay Scdsd aTgcEnsyhl ane (o
volfune ratio than coarser particles, and so wl tend to be capable of

fadter abSor pthisH%emn® t RBAcBar s dhepARRAIUS p?Q)Q/l %I%’éls’t%’é‘l‘ e°f sangayare
bl ¢cki ng. Confdanigle basket 102 suspended on a frame 104. The inside

dimensions of the basket are 10.2 cm x 7.6 cm (4" x 3%).
The height of the basket 102 is adjustable via a gear
mechanism 106. A fluid reservoir 108 is placed on an

10 electronic balance 110 connected to a computer 112.

The x-y plane test is shown schematically in Figure 7.

In the x-y plane test, the screen 114 is only present in a

2.54 cm x 7.62 cm (1" x 3") area 118 along one edge 120 of

the sample basket bottom. The remainder of the sample

15 basket bottom, desjignated 122, is made of Plexiglas and is
fluid impervious. The sides of the sample basket that are

in contact with the sample are also made of Plexiglas and

are fluid impervious. As shown in Figure 7, this test

" requires the sample 116, comprising a core and including a

20 topsheet (as described above) and a backsheet (as described
above), to first demand the fluid in the z~direction, and

then transport it a maximum of 7.62 cn (3"} in . the
horizontal (x-y) plane. The results from the x-y plane

- test provide a measurement of the sample’s ability to

25 distribute fluid under potential in-use conditions. The x-
y plane test is carried out with the absorbent structure

-2

sample 116 confined under a 20g cm  (0.3psi) load applied

evenly to the upper surface of the sample 116.

The test procedure is as follows. First, a 10.2 cm x

30 7.6 cm (4" x 3") sample of an absorbent core of the
invention is prepared. The fluid reservoir 108 is filled

with about 6800 ml of synthetic urine and set on an
electronic balance 110 under the test apparatus 100. Then

the sample basket 102 is lowered until the fluid level is

35 just at the level near the tope of the wire screen 114. A
piece of commercial available 2-ply BOUNTY® paper towel 124

is placed on the wire screen 114 in the bottom of the
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. he finer absorbent material to the |ower structure also has the advantage
%0f reducing the risk of its escape onto the skin of the wearer and al so
%Teducing the risk of pock- 30 mar ki ng whi ch can be caused by the coarser
§iparticul ate superabsorbent material penetrating t he | mper vi ous
gbacksheet The particle size of the supépabsor bent naterlal I s expressed as

-a nmedi an ma article si is nmeasured 35 the Sleve Test
Gener] bod DERSKEE e, SFS BEDite® tihet  §EH crnrr ot RRE F RS LA
100[ err] m lfumﬂnlelo@mt&&ﬁ[ s:rijt]hmtaﬂaadunsmablmebelfovzméoabeer$am;>1eWIBm ié1e

first and s%%%}ctai qﬁ&or\pgrg‘r}%ust th ﬁ'b f détf ftek{ean%e;% zZes the nmedi an

mass particle S|ze supera o) et erd of ' the first
structure is The applied weight 126 is attached to a square metal

5 plate 128 with dimensions slightly smaller than the inner
dimensions of the sample basket 102. Then the top side of
the core sample 116 is attached to the bottom of the above-
mentioned plate 128 via double sided tape 130, or spray
adhesive. At time = zero, the sample 116 is placed into

10 the sample basket 102.
The test is run over a duration of 2000 seconds. At
2000 seconds the final X-Y load, X,4, is determined by
balance measurement (corrected for any evaporation loss
over this period) + dry weight of sample. From X_, the X~¥
15 load at 90% of this value, Xy, is calculated, and the
corresponding time, ty,, determined. The fluid uptake rate
is defined as the ratio Xg/teg.
Absorptive Capacity of Fibrous Material by the X,¥-Demand

Absorbency Test

20 The test is carried out identical to that described
above except that the sample consists of fibrous material
only. In this instance the fibre capacity is X,4 as
opposed to Xy.

Rewet Test

25 This test is particularly important with régard to
determining the in-use performance of an absorbent core, or
an absorbent article in which such a core is incorporated.
The test is based upon the measurement of the wetting of a

) stack of filter papers placed on top of an absorbent core

30 _that is loaded with synthetic urine and then placed under
a load.

An absorbent core including a topsheet (as described
above) and a backsheet (as described above) is laid out
flat on a smooth surface with the topsheet'uppermost. A

35 volume of synthetic urine equal to 75% of the Theoretical
Basis Capacity, calculated as described above, is added at
a rate of 7 ml s to the absorbent core at a loading point

¥
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referably nore than 300 [err] m (50 nesh), nore preferably in the range of
®¥00 to 850 [err]m (20 to 40 nesh), and nost 5 preferably in the range of
#H00 to 850[err]m (20 to 30 nmesh). The finer, second, superabsorbent
fraterial typically has a nedian mass particle size of less than 300 [err]m
{50 mesh) but above 50[err]m (325 nmesh),,preferably in the range of 100 to
250 [err]m (60 to 140 nesh), and nore preferably in the range 10 of 150

to 250[ err] neéROr& 02 $0D08REEY - wHEh e ght @ @l Ve i tISidTy thie &oales anent

mat eri al s of differeng &griacle ?izes go grovide any reguired difference in
absorption kPRRTPRIMAEEI¥ehl FR FEOR £8p558Ph1 §°FE G€8%di fferent cheni cal
types of superabsarbeefightt ehaglingavddgehSionsnhaoent | gmdi kf enentz cm

absorption s . syperahso t telials, ean | £f eEen I cal
conpositi on,&?%?ésegé_ﬁ%ﬁéac%gs% I #ﬁggd °§'§rf‘f ygngﬁt r aq [??e%l ol %gc%’}%i%%@aci d
or a st dr ch-besbuatlpesruts ditbe toathitng ipplint andt thaacdwelys alioweshiche

different byedh{i¥6rQtel BELM 19T RONGELOunder this load. The weight is
then removed and 5 layers of pre-weighed filter paper

(Eaton Dikeman 939, Nr 7) having dimensions of 10.2 cm X
10.2 cm are placed rough side down centrally over the
10 loading point, and the weight is reapplied for 30 seconds.
The weight is then removed and the filter papers are
weighed. The difference in filter paper weight is the
first rewet value.
Five new pre-weighed filter papers are then placed on
15 the absorbent core'in a similar manner, and the weight is
placed on top of them for 30 seconds as before. The weight
is removed and the second batch of filter papers are
weighed. The difference in fi;ter paper weight is the
second rewet value, .
20 The procedure is repeated one more time to determine
the third rewet value. '
The total rewet is the sum of the three individual
rewet values, i.e.:
Total rewet = first rewet + second rewet + third
l 25 rewvet.
| Gel Laver Permeability Test

The GLP value is alternaiively known as the Saline

Flow Conductivity value.
Suitable apparatus for this test is shown in Figure 8
30 wherein 31 is a laboratory Jjack, 32 is a constant
hydrostatic head reservoir, 33 is a vent with removable
cap, 34 is a tube, 35 is a stop cock in a delivery tube 36
leading to a cylinder 37. This cylinder contains the test
fluid 38 and includes a porous piston 39 of Teflon

35 {registered trade mark) having many small holes with the
bottom 40 formed of coarse glass frit. The piston is
weighted by a weight 41. The sample of particulate

This Sheet Has Been Replaced

T



B processes, for exanple, a "broken-gel process” or an inverse
SWEcnsi on (or bead) pol ynerisation. Another way in which the
‘SO % absorbent materials may differ chenmically is that they may be
j#s-1 i nked with different cross-Iinking ents or to different extents,
49 one of the superabsorbent materials may be surface cross- |inked,
Ehey both =1 1pk i fferent !ﬁﬂk%l sqQr t
¢ Properti@%%%ﬁ%%@%ﬁﬁﬁ%i% f%eér?%%ngtt?o&nlprsg’%grab f%&s%a%%%
bk age Theor ¢TI SHRER €hpaci THeve i4F pegsflechipncrpserVoipr éfepably at
St 0. 8ni cni £bstataey t yR1&3ELYasp to 1 or 1.2m /cnferr] or even nore.
b Aver age Theoretjcal Basis, Capacity is cal cul ated by summ ng the Basis
G citieg of the i*ﬂiRﬁﬂ%‘Fu%%r a *h‘é%t@‘% ng’eS‘%%emrﬁ@&r BYPESAUBEsi s
pacity & thiesoriedindelden thecoydinagrt he bveeag€rpar aulirhnapagenthe

Lexan rod or equivalent and has an inner diameter of 6.00cm

(ara = 28.27cm2), a wall thickness of approximately 0.S5cm,
and a height of approximately 6.0cm. The bottom of the
cylinder is faced with a No. 400 mesh stainless steel
10 screen cloth that is biaxially stretched to tautness prior
to attachment. The piston consists of a fritted glass
disc, perforated Teflon piston head, hollow Lexan piston
rod, and annular stainless steel weight(s) or their
equivalent. The perforated piston head is machined from a
15 solid Teflon rod.r It has a height of 0.625 inches and a
diameter that is slightly less than. that of the cylinder,
so that if fits within the cylinder with minimum wall
clearances, but still slides freely. The bottom of the
piston head contains an approximately 56mm diameter by 4mm
20 depth cavity, desinged to accept the fritted glass disc.
The centre of the piston head has a threaded 0.625 inch
opening (18 threads/inch) for the piston rod. Between the
piston rod opening and the circumference of the piston head
are four circﬁmferentially arranged rings of holes, with 24
& 25 holes per ring. The holes in each ring are spaced by
approximately 15 degrees and offset by approximately 7.5
degrees from the holes in adjacent rings. Hole diameters
range from 0.111 inch in the inner row to 0.204 inch in the
outer row. The holes pass vertically through the piston
30 _head, allowing fluid to directly access the fritted disc.
The fritted glass disc is chosen for high permeability
(e.g. Chemglass Cat No. CG-201-40, 60mm diameter; X-Coarse
: Porosity) and is ground so that it fits snugly in the
piston head, with the bottom of the disc flush with the
; 35 bottom of the cylinder head. The hollow piston rod is
machined from a Lexan rod. It has a outer diameter of

g .

0.875 inches and an inner diameter of 0.250 inches. The

s 2

¢
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sis Capacity is ternmed theoretical because for its 20 calculation it
quires that the total capacity be broken down into the individual
ypacities, and also because it is a neasurenent carried out in the absence
[- any applied load; the core is often uggder load in natural use. 5

3 cal cul ating the Average Theoretical Basis Capacity, the Basis Capacity

t he super doddre ppratxcinatiely ¢ab ciihabed assudmrnegddie Ydasdlach the

bt ent i on” {he a ty i e
et ent i on Ca%%%l t?/.xzres’tq escraﬁp%gtdmgeﬁg\%vh 10 ﬁlgeqz%bf ngcg nEFatJ‘Fﬁa@?ﬁm
jer age Theorlé’@?@ai Basi dimmphery, fempingscr pdaltd agapd@ t§u§P°§§chtb¢ t he

D oUs Mt il it ek TRARM P A DYHIE . YIPRIR b Ahs hCen¥olsn ! RESFERDed

. -Ommw!m-!qmwv'”"““"“»
N N .

can directly access the fritted disc. The annular
stainless steel weight(s) have an inner diameter of 0.625
inches, so that they slip onto the piston rod and rest on
the collar. The combined weight of the fritted glasé
disc, piston head, piston rod and stainless steel weights
10 eguals 596gns, which corresponds to 0.30psi for an area of
28.27cn’. The cylinder cover 1is machined from Lexan or
eguivalent and is dimensioned to cover the cylinder. It
has an 0.877 inch opening in the centre for wvertically
aligning the piston rod and a second opening near the edge
15 for introducing flyid into the cylinder.

The assembly that is used for measuring permeability
depends on the flow rate of the saline solution through the
gel layer. For flow rates greater than about 0.02gm/sec,
a permeability assembly consisting of (i) a ring-supported

20 rigid stainless steel screen (16 mesh or less), for
supporting the cylinder in a horizontal position,with an
air gap between it and (ii) a contalner, positioned on an
analytical balance, to collect fluid passing through the
piston, gel layer, cylinder scree, and support screen, and

25 (iii) a siphon system to maintain the NaCl solution in the
cylinder at a constant level or their equivalent can be

used. For flow rates less than about 02.gm/sec, it is
preferable that there is a continuous fluid path between
supply and collection reservoirs. This can be accomplished

30 with the'sorption apparatus used for the PUP test method or
'équivalent, where the cylinder is positioned on the fritted
glass disc of the sorption apparatus and a means for
maintaining the hydrostatic pressure at approximately 4920
dyne/cm2 is provided. '

35 Jayco synthetic urine is prepared by dissolving a
mixture of 2.0gm KCl, 2.0gm Na,S0,, 0.85gm NH H,PO,, 0.15gm
(NH,) ,HPO,, 0.19gm CaCl,, and 0.23gm MgCl, to 1.0 litres with
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A this test airfelt typically absorbs about 4g synthetic urine per gram of
ry fibres, and chemcally cross-linked 15 cel lul ose as described in U S.
, 898,642, for exanple, typically absorbs about 6g synthetic urine per
ram of dry fibres at a pressure of 20g @m (0. 3psi). The absorbent core of
he invention can be nade relatively small and thin and conpact, and yet

an have 20 dihbgll ebsowdeecy. The Saack niettghie ccagabepeurehatbs ceom Or

t her absorb . of 't | nvention as ured 0 ] (3psi

unl ess otkm;%&%éyég%ﬁﬁﬁwkﬁéﬁ l%ﬁacgakg?%ﬁfﬁ$és§g gg%égigégtgépdmg Ps )
eneral ly not norethdad. 918mM Hadli sd25itiqr eisrpbépaned bpr dislsed vabgut
.5mMm and it r : n : has an
cqui sition Iﬁgfigégﬁéég (g}*a_s(gﬁ \él%%ﬁmﬁ ﬁsé[lgrgrg]% gtgég(%&%o%r%@%ﬁie%ﬁ??g ltigsi S
apaci ty.> Pre¥eredi Wit dbstbliedavaterst 2ni/sec. It '

An analytical balance accurate to 0.0lgm (e.g. Metler

PM400 or equivalent) is typically used to measure the

gquantity of fluid flowing through the gel layer when the

flow rate is about 0.02gm/sec or greater. A more accurate

10 balance (e.g. Mettler AE200 or equivalent) may be needed

for less permeable gel layers having lower flow rates.

The balance is preferably interfaced to a computer for
monitoring fluid quantity versus time.

The thickness of the gel layer is measured to an

15 accuracy of about @.lmm. Any method having the requisite

thickness can be used as long, as the weights are not

removed and the gel layer is not additionally compressed or

disturbed during the measurement. Using a caliper gauge

(e.g. Manostat 15-100-500 or equivalent) to measure the

20 gap between the bottom of the stainless steel weight and
' the top of the cylinder cover, relative to this gap with no
AGM in the cylinder is acceptable. Also acceptable is the
use of a depth gauge (e.g. Ono Sokki EG-225 or equivalent)
to measure the height of the piston above any fixed
25 surface, relative to the height with no AGM in the
cylinder.

The experiment is performed at ambient temperature.

The following is a description of the method.
0.9 gnm aliquot of AGM (corresponding to a basis weight
30 _of 0.032 gm/cm% is added to the cylinder and dispersed
evenly on the screen via gently shaking and/or tapping of
the cylinder. Considering the potential sensitivity of the
flow permeability to particle size, particle size, and
size/shape distributions, care éhould be taken that the
35 aliguot is reasonably representative of the material to be
analysed. For most AGMs, moisture content is typically
less than 5%. For these, the quantity of AGM to be added

¢
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can be up to 5n/sec or nore. Since the absor nt core of t e
*nvention may conprises different anounts of s ‘Férlals
n different areas, and may include different super aV|ng
ifferent absorptlon ki netics, the fluid ach|S|t|on
ore may vary frompoint to point both in*Bhe XY pl ane and I n the

-direction, and mAII var .during ac Sitio herefore ht nore
ealistic to Fedstfe ?E%r ingq ggqﬁlg?%lﬁﬁlggFe(ﬁﬁ %5@6 FSthe t ?%ﬁgS
heoreti cal chpamngya(malhéuréhaanaénthgraaUeedtbanfabbytus%d dondiddans) .

el o, SROAVEIASH YRR §OLE MEGIALIBORS (RISCSRARBLLL Y BXPIGRsel

n the acquisitionr UISI I on
asured by tﬁ@dg@qaﬁg|shgnld be 0 9gm on a dry- welght basis). Care is

5 taken to prevent AGM from adhering to the cylinder walls.
The piston (minus any weight) is inserted into the cylinder
and positioned on top of the dry AGM. If necessary, tﬁe
piston can be turned gently to more-uniformly distributé
the AGM on the cylinder screen. The cylinder is covered

10 with the cylinder cover and the stainless steel weight(s)
are positioned on the piston rod.

A fritted disc (coarse or extra coarse), having a
diameter greater than that of the cylinder, is positioned
in a wide/shallow flat~bottomed container that is filled to

15 the top of the fritted disk with Jayco synthetic urine.
The piston/cylinder apparatus is positioned on top of the
fritted glass disk. Fluid from the reservoir passes
through the fritted disc and is absorbed by the AGM. As
the AGM absorbs fluid, a gel layer is formed in the

20 cylinder. After a time period of 60 minutes, the thickness
of the gel layer is determined. Care is taken that the gel
bed does not 1lose fluid or take in air during +this
procedure,

The piston/cylinder apparatus is then transferred to

25 the permeability assembly. If a screen is used to support
the cylinder, the screen and any gap between it and the
piston/cylinder apparatus 1is presaturated with saline
solution. If the PUP solution apparatus is used, the
surface of the fritted funnel should be minimally elevated

30 relative to the reservoir, with valves between the fritted
funnel and reservoir in the open position. (The fritted
funnel elevation should be sufficient such that fluid
passing through the gel layer does not accumulate in the
funnel).

35 The permeability measurement is initiated by adding
NaCl solution through the piston rod in order to expel air
from the perforated Teflon disk and then opening up the

L4
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corresponding to 5.0cm of saline solution and a stable flow
rate is attained (t;) is noted. The quantity of fluid
passing through the gel layer versus time is determined
gravimetrically for a time period of 10 minutes. After the
elapsed time, the piston/cylinder apparatus is removed and
the thickness of the gel layer is measured. Generally the
change in thickness of the gel layer is less than about
10%.

In general, flow rate need not be constant. The time-
dependent flow 'fate through the system, F(t) is
determined, in units of gm/sec, by dividing the incremental
weight of fluid passing through the system (in grams) by
incremental time (in seconds). Only data collected for
times between t, and 10 minutes is use for flow rate
calculations. Flow rate results between t, and 10 minutes
is used to calculate a value for F (t=0), the initial flow
rate through the gel layer. F,(t=0) is calculated by
extrapolating the results of a least-squares fit of F (L)
versus time to t=0.

In a separate measurement, the flow rate through the
permeability assembly and piston/cylinder apparatus (F,) is
measured as described above, except no gel layer is
present. If F, is much greater than the flow rate through

the system when the gel layer is present, F then no

s?

correction for the flow resistance of the permeability

assembly and piston/cylinder apparatus is necessary. In
this limit, ¥, = F,, where F, is the contribution of the gel
layer to the flow rate of the system. However if this
reguirement is not satisfied, then the following correction
is used to calculate the value of F, from the values of F,
and F,:

F = (FXF)/(F"F)
g a®ts L This Sheet Has Been Rep
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. It sinulates the introduction of urine into an
¥Absor bent structure and neasures the rate at which the structure acquires a
%M oad of synthetic urine.
§ properties, the absorbent core of the invention has good fluid uptake
properties. The core preferably has a Fl uigd Upt ake Rate of at
granms urine per second per gramdry material (g g[err] s[err] ), and

preferably noreighen D) oderits s¢@liivaleht)cos berupthe 8ylisgeertd
s[err] or nore.

Flpid ta 15 is a, peasure, of t ficlency of the
absorbent cor & SPFI}IgF%I‘ eg’?osaﬁgg‘r bal?ﬁl’i‘?dtg‘%dsﬁﬁgﬁo?‘eé’gﬁel gg‘ﬁ: §It i b%?%e}"t.
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et val ue of no greater than 0.6 g synthetic urine, preferably no greater
gn 0.3 g, and nost preferably no 25 greater than 0.2 g. A |low rewet
ue indicates a high, or efficient, urine retention by the absorbent

¥e, or the absorbent article in which it _is incorporated. A high rewet
#li cates poor urine retention, which may P8ad to accumul ation of urine on
¢ surface of the reQrn.artigcl ef using.rewetting of. th

ber' s garments and/cror'e t elll?éaerﬁict%sgoqr?d\i?&m}e‘?ﬂlyys%ne erugrllehd2 \tg%’thveaglﬁle%to
bscri bed bel oheMagal actayer ofis heallssdried BedpgThErahs & bensingr etlor

her body of %BQ1EQM§%?ie 4330 be made by air laying, or by wet |aying,
je appropriate materi Isegﬁlbres and superabsorbent) in sequence in

Bnventional manner, or by assé&nti ilfg (bre stebt{ 2Ry R, f or

5 where F,{t=0) is the flow rate in gm/sec determined from

est

regression analysis of the flow rate results and any
correction due to assembly/apparatus flow resistance, t; is
the thickness of the gel layer in cm, p is the density of
the NacCl solution in gm/cms. A is the area of the gel

10 layer in cmz, AP is the hydrostatic pressure across the gel
layer in dyne/cmz, and the saline flow conductivity, K, is
in units of cm’ sec/gm.

The average of three determinations should be
reported.

15 For gel layers where the flow rate is substantially
constant, a permeability coefficient (k) can be calculated
from the saline flow conductivity using the following
equation:

k =K g,
20 where 7 is the viscosity of the NaCl solution in poise
and the permeability coefficient, k, is in units of om’.
The following is a sample calculation:
The measured value of F, is 250gm/min = 4.2gm/sec.
For a single determination on 8X-P (bulk), the

25 extrapolated value for F (t=0} is S5.6gm/min = 0.093gm/sec,
with a near-zero slope of 0.09gm/mina Correcting for
apparatus resistance:

F, = (4.2 X 0.093) + (4.2 - 0.093) = 0.095
Given a 0.118 M saline density of 1.003gm/cm’ (CRC Handbook

30 _6f Chemistry and Physics, 6l1lst Edition) a gel~layer
thickness of 1.24cm, a gel layer area of 28.27cm2, and a
hydrostatic pressure of 4920dyne/cmz.

K = (0.095 x 1.24)/(1.003 x 28.27 x 4920) - 8.4 x 10
7cmssec/qm

35 Considering the substantially constant flow rate and
given a 0.118 M saline viscosity of 0.01015 poise (CRC
Handbook of Chemistry and Physics, 6lst Edition):

This Sheet Hag Been Replacec

; T



®2 exanpl e of the superabsorbent materials as descri bed above, or by any
ui tabl e conbi nation thereof. For exanple, GB-A 2,191, 793 and
$B- A- 2,191,515 describe nmethods of air laying fibrous nmaterials using a
totating drum | aydown system and 5 GB- A- 2,175,024 and EP- A-330, 675
describe the incorporation of superabso®dent material into the absorbent
structures. Conbi ned processes in whi.gh sone conponents are .@irplaid and
some are introduc§d=a§ Ar &F dBméd ¥ dferls X dhr BEPIR 6T, & Midf t3BnEP | ayers can
be i ncorpor atethpXed he absorbent 10 body and, as nentioned above,
tissue |ayers n I ncorporated. For_instance tissue |layer
encapsul ate the ?t?)f%r?p Ptﬁ)eﬁa $or bet et &P TAr €and orwflﬂleo%sec%ﬁaog%gnt
super absor bentt ieter intludingssbeokdpet rmdies | fodrveked comprisingndp for
instance ansJppeicd avgh | Bphle | Aertly aASRAMD! YndiaEd ofnseqppdy

fibres.

acguisition layer and a superabsorbent layer and a lower
assembly that includes an uppef layer having void space for
storage of liguid discharges and a lower layer which
contains second superabsorbent material. Examples 1 to 3
10 are constructed broadly'as illustrated diagrammatically in
Figures l1la to lc¢, wherein each of the superabsorbents is
present as a thin preform layer.
In Example 4 the lower assembly comprises an air laid
fibrous matrix wherein at least 70% by weight of the second
15 superabsorbent maferial is in the lower half of the
thickness of this matrix, and wherein there is a dusting
layer, with a very low concentration of superabSorbént, on
the lower face of the matrix.
From the GLP values quoted below it will be seen that
- 20 Examples 3 and 4 at least are examples of the invention
described above wherein the first superabsorbent has a GLP
value of at least 4, and from the Dynamic Swelling Rate
values it will be seen that Examples 1 to 3 at least are
examples of absorbent Dbodies wherein the second
25 superabsorbent material has a higher swelling rate and the
first superabsorbent material has a substantially constant
Dynamic Swelling Rate.
Table 1 quotes various guantitative wvalues for the
article. In this the article weight includes the weight of
30 the topsheet, the containment tissue, the absorbent core,
and the impervious backsheet. The fibre weight is the
weight of all of the core fibres excluding tissue.
Table 2 guotes the content of the first acquisition
layer and first superabsorbent layer in the upper assenbly,

35 and the second fibrous layer and the second superabsorbent

Lniae » NI

layer in the lower assembly. In each instance there is
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8 bent Articles According to a further aspect of the invention an
% bent article conprises a liquid pervious topsheet, 20 aliquid
i @ervi ous backsheet, and an absorbent core as described above interposed
@peen the topsheet and the backsheet with the first structure positioned
Jrds the topsheet and the backsheet is $»sitioned towards the second
Slicture. 25 The article may be, for instance, a sanitary napkin
“i's preferaBhptgd.i hAvoReHence, akhechatunetehi thaguaten iol, &t dposdl e
per. 1t Wﬁ!i@ﬁt%@%&fn@?@@ 'sgu%r%oﬂx\é%@@)o'&%ld B elimdrdi drist ance the
Aksheet may be securéd to the 3 absorbent core by attachnment neans.
Ti@se means may be a uniform continuous |ayer of adhesive, a patterned
Jer of adhesive, or an array of separate lines, spirals, or spots
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Adhesi ves whi ch have been found to be satisfactory are
Cbnpany of 3%
: fera?y

St. Paul, M nnesota and
conpri ses an open pattern

s disclosed in U S. Pat ent
Wast e- Cont ai nnent  Garnent”, which
1986, nore preferably several |ines of

ral pattern such as is illustrated by
n US. Patent 3,911,173 issued to

Pat ent 4, 785,996 i ssued to Zi ecker,
Pat ent 4,842,666 issued to Wrenicz on
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i ncorporated herein by reference. Alternatively, the 10 attachnent
aNs nmay conpri se heat bonds, pressure bonds, ultrasonic bonds, dynamc
hani cal bonds, or any other suitablke attachnment neans or conbi nati ons of
gse attachnent neans as are known in the art. The backsheet shoul d be
bstantially inpervious to 15 liquids (e.g., urine) and is preferably
bufactured froma thin plastic film although other flexible Iiquid
bervious materials nmay al so be used. The backsheet prevents exudates

bor bed angd_contained in the core from ing articles which contact the
@ or bent a&;icle uch 2p as{bedshgets a undergarnents. The backsheet
@y thus cofprise woveh or ngnwoven materffal, polyneric filnms such as
ernopl astfic fil Df Folget Byl 8ne Hir polFpr opyl ene, or conposite

terials sfich fs dilwmcoated gonwgven mHterial . Preferably, the
ksheet i$# a&hqynmop|asteoc Ml 25| ahgwing a thickness of from about
D12 mm (0§55 ol Ml tDo sl © @yl ©w oyl kv
: 0 0 = O g N O
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é] 0.051 mMm (2.0 ml). Particularly preferred materials for the

$<sheet include RR8220 blown filns and RR5475 cast filns as manufact ured
¥Tredegar Industries, Inc. of Terre Haute, IN The backsheet is

@f erably enbossed 30 and/or matte &Bnished to provide a nore

" .thI | ke appearance. Further, the backsheet may permt vapours to escape
oM t he absor bentcoiar és(chenicsl Fatdadde)limkéd ctlildlgrey otri agamplieat es

Om passi ng _t hr . C __Qt.égﬁ The topsheet is positioned
j;acent theabsog%lé?&rl;b}?egg’f Kjti%hz‘ a4b'sor "eendt:(2 core and is preferably joined
ereto and to t h&XdBksheésobyist FaywrenS X MSinst Beme h S&okhgsseRe| FmbH 24
gown in thepailing LpMI8EINEHIAL aidte{88F1oh0bPesi/30 mesh (600 to

. -

5 850um) an AAP value of 20g/g at 0.7psi, a Dynanmic Swelling
Rate of 0.16g/sec and which is linear and a substantially
non-decreasing value. _

SX/MW 60/100 is the 60/100 mesh (150 to 250um particle
size fraction) of the same general type having AAP 20g/g

10 at 0.7psi and DSR 0.24g/g/sec.

SXM 300 is Favor SXM 300 from Stockhausen GmbH which
is unsieved and which has AAP 21g/g at 0.7psi and a Dynamic
Swelling Rate of below 0.l1g/g/sec and which is linear and
substantially non-decreasing.

15 L761f is Aquakic CA L761f lot no. 2G18 obtained from
Shokuba Ultrasorb. Fraction 20/30 has mesh size 20/30 {600
to Ssdum, AAP of 22g/g, GLP of 4.5 X 107c® sec/g and a
Dynamic Swelling Rate that is linear and substantially non-
decreasing and is 0.17g/g/sec. Fraction 60/100 has AAP

20 20g/g at 0.7psi, low GLP and Dynamic Swelling Rate of
0.35g/g/sec.

The performance of the four examples was compared
against a number of different structures, including two of
the applicants’ commercial structures and a commercial

25 structure of another major absorbent article manufacturer.
The results are illustrated in Table 2.

Comparative Example 1 is an absorbent article having
a core comprising airfelt only and including a topsheet and
a backsheet. Comparative Example 2 is an absorbent

30 .article having a core comprising only chemically cross-
linked cellulose as described above, and including a
topsheet and a backsheet.

Comparative Example 3 is an absorbent article marketed
under the trade name Pampers Baby Dry [Boy Maxi Size (8 -

35 18kg)]. This product comprises a mixed
airfelt/superabsorbent core, having a patch of the same
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gnpasses configurations whereby an elenent is directly secured to the
Er el enment by affixing the elenment directly to the other el enent, and
£i gurations whereby 5 the elenment is indirectly secured to the other
frent by affixing the elenment to internedi ate nmenber(s) which in turn are
ixed to the other element. In a preferﬁ?ﬂ enbodlnené OL tge Erﬁse?t
éntion th aper erein to sheet and the hacksheet are
ned 10 arama 6 B1 ol R St AL S L AL S SRt predias
emhere are?rﬁﬁ¢%ﬁ@¢yopotﬂ9d by directly jOInIng themto the absorbent
ge. The topsheeteor ar&@i‘pé'%mp}] Qlftls gﬁeah]) ﬁg%xqgﬂ:l' d hhidh I&‘n
#. wearer's sk . Further, the topsheet I qui d pervious per
jui ds (e. g. ,Uifghelh ?otFééﬁlP?mﬁeﬁﬂﬂﬁﬁﬁ?tqﬂ%ﬁﬁﬁl|t§h%ﬁ|§kﬂ@§st has a
tabl e tsopsheetedreaflzbﬂept/@apafabsaﬂaeﬁynbeeblc fibres. Preferably, the
t @sheet is made of

|ng

Co mpate{lve éxampie 5 is an absorbent article that is
marketed under the trade name Ultratrim [Boy Size 4 (10 -
16kg} ] by the Kimberley Clark Corporation. This producﬁ
has a core that is an airfelt/superabsorbent mix.

10 Comparative Example 6 is an absorbent article made
according to wW0%2/11831 and having a structure
substantially identical to that of Example 2 but having a
different superabsorbent material. The first and second
(having double the basis weight of the first)

15 superabsorbent materials are very "high-speed" gelling
materials and comprise Norsolor X50 superabsorbent material
(supplied by ELF ATOCHEM, Cedex, France). The first
superabsorbent layer is 7.5cm wide and has a 0.5cm
superabsorbent free stripe along each of its longitudinal

20 sides, as described in W092/11831. .

Comparative Example 7 is an absorbent article made
according to W090/14815 and having a structure similar to
that of Example 2 but having a tissue having a basis weight
of 60(_;‘m°2 instead of CCLC as the second acquisition layer

25 and having different superabsorbent materials. The first
and second (having double the basis weight of the first)
superabsorbent materials have different absorption rates
and liquid retention abilities, and comprise respectively
Aqualic CA W-4 (supplied by Nippon Shokubai Co. Ltd.,

30 _Osaka, Japan) and Sanwet IM 5600S (supplied by Hoechst-
Casella GmbH, Frankfurt, Germany).

Unless otherwise specified each of the topsheet and
the backsheet used in the Examples and Comparative Examples
is of the type described above.
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rbent fibrous, for exanple tissue, or other material on one or both
s of the core, but unless the matgyial is 25 selected carefully this
detract fromthe perfornmance of the absorbent core. It is a particular

ant agg—of tie T nvengi oy tnat gne jar aper ory ot I CTle cjan pe fihin and
act jand yet~can 5 haje good abjsorpti on jpro Thie t hi njiconpact
‘ure ifs bénefhcical fqr nmpnuf acturijng pnd pgckagi asqns ndjis
veni ent tomtﬁecuser. Referfing tq thg di ngnsi Figures 1@ td 1c, in
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7"). Although the various |ayers of the absorbent body nmay be

xtensive, it is often convenient for the upper 15 assenbly to cover
those parts of the storage assenbly that can be expected to receive

? highest initial |oad of urine, menstruyal fluid or other body discharge.
s the upper assenbly may be in the front half or tmo thirds of the

per. 20  Addit phogalaEgbegi e s EQQQQQ f
er absor bent bodi eg gngggrt [ c eg Wpéearﬁlﬁ écﬂﬁ(ﬁﬁrs er absor éj%%do
erial has gRedEpsignussrdetined aBévdsi geperpliyl @@m é‘CCGPﬁé‘rbl\?alttﬁhbl e
orbent bodpesvane kheseeWhh¢ingOBRECELIA cint W@nfcreomb%i whiil® tl%p, an

or aoetl Y SOMBLISLILED SCAU ALt oD el Ll Uhper Sasetnly oo
- decr essi nghbghadscalso expensive to make and/or package.

The important parameters reflecting the advantages of
the invention over the prior art, as represented by the
comparative examples, are summarised in Table 2. Each
parameter listed in that table represents only one specific

10 benefit of the core of the invention to the user of an
article incorporating the core, either throughout the
article’s lifetime or during a particular phase of its
lifetime. The core of the invention exhibits good
performance in a majority of the listed parameters, as

15 conmpared with the Ttomparative examples. More specifically
the core of the invention generally exhibits:

1) A good acquisition rate (at least 1.0ml s') at 50%
average theoretical basis capacity, which reflects
good fluid absorption throughout the core’s, and

20 therefore the article’s, in use lifetime;

2) A high fluid uptake value (Xg/te) of at least 0.05 g
gl st as measured by the X, Y-demand absorbency test,
which indicates an efficient distribution mechanism
within the core leading to efficient utilisation of

. 25 storage capacity.

'3) A low rewet (no greater than 0.6g synthetic urine),
which reflects superior skin dfyness benefits for the
user; and

4) A high capacity and average theoretical basis weight

30 " (at least 0.8 g g cm'z) together wi.th a low stack
height (no greater than 9mm), which allow the

production of smaller and thinner efficient absorbent

cores, and therefore articles, which are discrete in

use, and which also save on packaging and
35 transportation costs.

Only Example 6 of the comparative examples is

satisfactory over most of the range of parameters. However
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r),

ing Rate (generally as a separate |ayer beneath the 30

and a | ower assenbly conprising a second capillary material and

io

| east 20g/ g, at 50g/cnferr], wherein the Dynam c Swelling

absorbency properties, without the manufacturing
complexities that tend to be required by the structure of
Comparative Exanmple 6 (as exemplified by the passages or
pathways from upper storage layers to lower layers within
the core structure). The superiority of the core of the
invention in respect of these parameters is thought to be
a result of a combination of the different fluid uptake
rates of the superabsorbent materials together with their
inclusion in the specific structure of the core of the
invention.
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nd superabsorbent material having a Dynam c Swelling Rate of at | east
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erably at
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mat - Tal, all as described above. Preferably it has a wet conpressibility
as ‘descri bed above. The second capillary materi al u‘ mm er
por s or capillary material but is preferably a sgm ﬁ (Immlﬂlumg
mat cfial . Preferably the first structure cogprises ih seqiente the' upper
acqugsition | ayer having the defined wet conpressibility and drip capacity
fornged of firstcomrimgsi al and a | ayer conprising the first superabsorbent
matefial, and the | oy ass ferab rises in sequence an
uppef 1ayer of Seco gﬁf?}fﬁ% \X(}g‘ﬁf H’ry idn 59}?“&&’& fy mgﬂbe Fower
| ay conpri sing theaaeuppdrsapeembsgrbent4UaBerMMat 1ﬂﬂmmd@$nera
conggruction and proper o] S l,cul

Rf &bSér LC%P?%E%XSE 1a gé’above%é‘%a‘ 11§ f%eg of

supgr absorbent materral s € as des
wherf the fi¥%st superabsgrbent materiial, hagda GLP that is relatively Iow

ﬁg't Escg][‘St ruction cap ghyerB686FLELE! 14FSH! |5) REGASS: Blg e iy '3 @AgeOf
superabsorbent material which has a Gel Layer Permeablllty

(GLP) value of at least about 4 x 10 cmfsec/g and which is
present in an amount of at least about 20g/m, and

10 a lower assembly (6, 7, 8) that includes second
superabsorbent material having an Absorption Against

" Pressure of at least 15g/g at SOg/cnf and which comprises

! an upper layer (6) having void space for storage of
liguid discharges, and

15 a lower layew (7) which contains second superabsorbent
material and wherein at least 70% by weight of the total
amount of the second superabsdrbent material which is in
the upper and lower layers is in the lower half of the
combined. thickness of the upper and lower layers.

20 2. An absorbent body aécording to claim 1 in which the
GLP of the first superabsorbent material is at least 6 x
10 "cr’sec/g.
3. An absorbent body according to claim 1 in which the
GLP of the first superabsorbent material is at least 9 x

25 10'7cmssec/g. :

4. An absorbent body according to claim 1 in which the

first and second superabsorbent materials are the same

material.

5. An absorbent body according to any of claims 1 to 3

30 _ in which the second superabsorbent raterial has a faster

Dynamic Swelling Rate than <the first superabsorbent

material.

6. An absocorbent body according to claim 5 in which the

second superabsorbent material has a Dynamic Swelling Raté
35 of at least 0.2g9/g9/s.

7. An absorbent body according to claim 5 or claim 6 in

which the second superabsorbent material has a Dynanmic

¥
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rption of the first and second superabsorbence, cougﬂmﬂmmr ﬂ
tantially non-decreasing Dynamc Swelling Rate 25 2é gl u’
rabsorbent. Test Methods All tests are carried out af about

‘at 5010% relative humdity. The specifggx synthetic urine used in the

‘t met hods 30 I's comonly known as Jayco SynUrine and is available from

co Phar naceiwe Lhi sg CRatanywieicane Hatl 1d%@ﬁsyl5anj1azesThehéorormla@ifc0r

t het f 4:.0.85 .9/l of
)S%Ferf] L’aée&?é?fllbalggt% %Nﬁﬁerr%ﬁfe é)(r%r rN%é‘“%lgiatﬁrlaflgCaG [err];
0.23 g/l of8aMCierahsorbent lddy rfEC@@rdln@ehwoth}s mr@aﬂmgaag@rim dmade.
pH of the GyfdRebECehki Bfpbf LAl 18wk2NI8yRrsBo? tRcb1bwer assembly

5 are provided by an air laid fibrous matrix wherein at least

v~~~ v,

70% by weight of the second superabsorbent material is in

the lower half of the thickness of the matrix.

9. An absorbent body according to claim 8 in which at

least 5% of the second superabsorbent material is in the
10 upper half of the thickness of the upper and lower lavers.

10. An absorbent body according to claim 8 or claim 9 in

!! which the upper and lower layers of the lower assembly are
provided by air laying a blend of hydrophilic fibres and
superabsorbent material.

15 11. An absorbent,body according to any of claims 8 to 10
in which the air laid matrix additionally comprises a fibre
layer substantially free of superabsorbent material which
has been air laid with and beneath the lower layer.

12. An absorbent body according to any of claims 1 to 7

20 wherein the upper layer of the lower assembly is
substantially free of superabsorbent material and the lower
layer is a preformed layer comprising the superabsorbent
material. '

13. An absorbent body according to claim 12 in which the

25 layer comprising the second superabsorbent material is a

el

thin layer which consists substantially only of the second
superabsorbent material. '
14. An absorbent body according to any preceding claim in
which the amount of second superabsorbent material in the
30 _ lower assembly is at least 30 to 95 (preferably 45 to 50%)
by weight based on the total weight of the upper and lower
storage layers and the amount of first superabsorbent
material is 30 to 70% by weight the weight of the upper
assembly.

35 15. An absorbent body according to any preceding claim in
which the upper acquisition layer has a wet compressibility
of at least Scmz'q"1 and a drip capacity of 10g gq.

v
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27 Panpl e Pad Preparation for Wet Conpressibility and Drip ests
Thegsanpl e pads are prepared using a padmaker machi nﬂ“lw M‘é“ cri bed
belgw or an equi val ent machine, which 5 provi des a

uf

®geneous | aydown of fluff. Four 30g por tésons of dry ff (or equival ent
rial, for exanple chemcally cross-linked cellulose) are weighed out. A
of tissue gdr-oushre g Hegrt diadyt @ gl ittte duglanivt pweicled ingt aillaiingin

fonit, isnfiih tendo acqm&qmasq 36a86m (1154 § rafeé4 oZ )ﬁlr@f‘dfﬁﬁrghéced
|y ontheformng screen (22) of an air laid f padreker I ne

in Fi gur d@temi yhpich W%%%@t( ﬁaa%m»f) b@owﬁpafla gheBierdlyhe
I Ng SCreen cskd S ivgaed Lt TUEVEs U Albtés. Sides to prevent escape of
o e SSHEQEBEE 18y O LT 8Lnd 2P Uy TR LEFHN" &2
having an average theoretical basis capacity of at least

0.8ml cm? and a stack height of not more than 9mm at 200g
cml. .
18. An absorbent body according to any preceding claim in
10 which the first superabsorbent material is present as a

preformed thin layer consisting substantially only of the

superabsorbent material.
‘1 18. An absorbent body according to claim 1 comprising

an upper assembly comprising an upper layer comprising
15 a first porous material (3) having a wet compressibility
~ of at least Scm?’q'1 and a drip capacity of at leastllog gq,
the assembly also comprising a first superabsorbent
material (5) having a substantially non-decreasing Dynanmic

Swelling Rate and '
.20 a lower assembly comprising a second porous material
{(6) and a second superabsorbent material (7) having a

-1

dynamic swelling rate of at least 0.2g g 's ' and an

) absorption against pressure of at least 15g g'1 at 50g cm?
‘ (0.7psi), _

25 wherein the Dynamic Swelling Rate of the second
superabsorbent material is at least 1.5 times the Dynamic
Swelling Rate of the second superabsorbent material.

20. An absorbent article comprising, in sequence, a liquid

pervious topsheet (2), an absorbent body according to any
30 of claims 1 to 17 arranged with the upper acguisition layer

(3) towards the topsheet (2), and a liquid impervious

backsheet (9).

21. An absorbent article according to claim 20 and which

is a disposable diaper, incontinence article or training
35 pant.

22. An absorbent body comprising in sequence through its

thickness from the top
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peat ed.

10

15

20

30

ply on the padmaker nmachi ne are turned on. One 30 ort| S
led to the sanpl e chanber 25 on the padmaker 2“” Miﬁ’m@ﬂm nts via
sanple feed 26 20 and without obstructing th

chine. Conpressed air

a lower assenmbly comprising a second porous material

(6) and a second superabsorbent material (7) having a
dynamic swelling rate of at least 0.2g g 's' and an
absorption against pressure of at least 15g g ' at 50g cm’
(0.7psi),

wherein the Dynamic Swelling Rate of the second
superabsorbent material is at least 1.5 times the Dynanmic
Swelling Rate of the second superabsorbent material.
23. An absorbent pody according to claim 22 in which the
first porous material is a fibrous material which comprises
at least 50% by weight chemically cross linked cellulosic
fibres.
24. An absorbent body according to claim 22 or claim 23
having an average theoretical basis capacity of at least
0.8ml cm’’

pressure of 200g cm .

and a stack height of not more than 9mm under a

25. An absorbent article comprising, in sequence, a liguid
pervious topsheet (2), an absorbent body according to any
of claims 22 to 24 arranged with the upper layer (3)
towards the topsheet (2), and a liquid impervious backsheet
(9). '

26. An absorbent article according to claim 25 and which

is a disposable diaper, incontinence article or training

pant.
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is circulated vigegously in the chanber to expedite
aration and passage of the fibres through the plexiglass cylinder 28 and
pri snoi d col uman2@pper tdwes émp Iy ngprgoriessm@ 2n @pper layerlempadmimd?3 i s
ned of f an or, u t i ne
and rot at e% %Er?gtﬁg a quaqﬁae@%%%ln ??ﬁpt hLGQPQCE\M et g:%"@%%@%ﬁ%r]‘}h%@
reen i s ret@fnal i@aﬁﬁeSSEdJmk@mdn%diﬁm capas Her @Og‘itpdle@s&n 180 gl uff is

ed to the Eﬂé”bgés%ﬁbQ9 39 SRCRIGAR 3R in@ANG T (15 raR0V & UG8 dnt
Fluff is added”in the sane manner until al] four portions have

en transf er?“é&ef‘batlhés? oRAY AT sR radhs tatel 4 bl i Y eeER s Ly Dymerdsd
rmed thereoBwells ihgeRratemaved from the padnmaker nachine,



the pad is carefully transferred fromthe screen to a 35 pi ece of\S)
board, or simlar snooth flat surface. A second ply of tissue is

d to the top of the pad, and a second piece of cardboard placed on top
hat . 28 A steel weight having di meési ons of around 35.6cm x 35. 6¢cm x
m (14" x 14" x 1") having a weight of around 16.3kg (361bs) is

ed on top of the pad for apBXIR&dE®R|y 120 seconds, or |onger

| the pad is 5 needed. The weight is then renoved and the pad is

sed by application of a force of around 4,6 500kg (10,000l bs) on a |arge
ver press to inprove pad |ntedﬁ@%%ﬁbqﬁﬁa%%EP¢%3$eaned fromthe press

"trlnn?d on a papenlapeht &ir t @thaye aPsERBeheNa raiund By SeAtxudl. agm
(1 X 12 ) ggsorgent body comprising in sequence from the top (the
surface adjacent the wearer’s body)
an upper assembly (2, 3, 4, 5) comprising an
acquisition layer 3 formed of first fibrous material
substantially free of superabsorbent material, a
.10 superabsorbent layer 5 consisting substantially only of
first superabsorbent material having a Gel Layer
‘ Permeability value of at least about 4ml/cm2/sec and which
is present in an amount of about 20g/m2 to 320g/m{ a
storage assenbly (6, 7, 8) that includes second
15 superabsorbent maperial 7 having an absorption against
pressure of at least 15g/g at 50g/cm2 and which comprises
an upper storage layer 6 and a lower storage layer 7
containing at least 70% by weight of the total amount of
second superabsorbent in the upper and lower storage layers
20 and which has a thickness which is the same as or less than
the thickness of the upper storage layer 6.
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. then further cut according to the sizeégequired by the particul ar test
which it is to be used. The use of a padmaker machine to formthe sanple

s is not intended to be limting. Any suitable nethod can be used

i ded a consi stent and honbgeneous | aydown of fluff 15 i s achi eved,

ch is then conpressed under the above conditions to give a pad having

stantially the sane density and basis wei ght as adhi eved abeve. Wt

ressibility Test This test is designed to neasdre the volune of a pad

of fibrous material under jvaryi nggl.0ad difd ons.when wet. The

SO
®

ol ective-is to nmeasure the fitro”s ma &:\5\_ Y st apce}to | oad by
surindhthe vol ume maintained udder RN test pad is
prfepared @s descri bed above. Any 345 he surfaces of the
pgd is renoved. The pad is thdgn densi cnf er{Is L5 sq)
I dad for ; a
{
{
!
!
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|
{
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ad integrity reasons using a Ca&gp oratory press? The thickness of the

b
ad. is neasured and its fibre de y\@alculated by. pad weight [err] (pad
hi ckness x pad area). 30 T wei ght of the pad is multiplied by
0, and this represents the target wet weight on |oading. The dry pad is

ransferred onto a top | oadi ng bal ance having a 0.01g sensitivity.
ynthetic urine is dispensed slowy onto the pad until the target wet

i ght is achieved as 35 nmeasured by the bal ance. The wet pad is
arefully transferred onto the sugface of a conpressibility tester of the
uckeye design, and a weight having substantially the 29 sane area as
he pad (about 10.2cm x 10.2cm) and corre§pond|ng to a pressure of 77g

n{err] (1.1psi) i |owered
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slowy onto the pad. The pad is left for 60 Seconds to allowit to

equ | i brate -under the load, and then the 5 'thickness of the conpressed

padg4 s recorded using calipers. The Wt Cbnpfessibility is the void vol une

perfgramof dry fluff and is calculated as follows: Void Volune (cnferr]) =

Totgl Vol une - Fibre Volume = (pad thickness under load (cn) x pad area

(cngkerr])) - (pad 10 dry weight (g)/fibre depsity (g.cnferr]) Wt
Conpressibility = Void volunme per gram= an padjth ckness under| oad

(c x pad area (cnferr])) - (pad dry w. (gLLLLhLE“dEﬂSLIy (g cmerr])]
[erf] pad dry wt. (g) where fibre density is calculated fromthe initial

padg 15 wei ght and t hi ckness neasurenents (i.e. under no | oad-
congitions). Drip Capacity Test A sanple pad prepared as described above is
cutjon a paper cutter to have di nensions 7.5cm X 7.§§§§'Ihe pad is

Thjs Shee
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yyg hed,and is placed on a Iarg!é%sh wWire screen which is in turn

|f d a drip tray. The whol e apparatus is then nounted on a

t ofp- | cadi-ng—bal ance. Synthetic urine is introduced via a punp (Mdel 7520-
- as supplied by Col e-Parner Instrunents Conpany, 25 Chi cago, USA) into
centre of the sanple pad at a rate of 5 0.25m s[err]. The tinme for
pad to release the first drop of synthetic urine through the bottom of
pad and into the drip tray is recorded. The punp is i nmedi ately stopped
soon as this occurs. The tine recorded and the 30 punpi ng rate are

n used to calculate the volume (m) of synthetic urine absorbed by the

| e on reaching saturation, i.e. when the sanple starts to drip. The
ance can be used to check this periodically, thereby mnimsing any
iation in the punp delivering the 35 synthetic urine. This is known
as{the Drip Capacity, and is given as the ratio:
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Urine retained by sanple pad on saturation (m) 30 Dry Wi ght of sanple
. (g).*Dynamc Swelling Rate Test 0.358 g, to the nearest 0.001g, of dry

~cllper absorbent material is placed in a standard test tube having an outer 5
aneter of 16 mm a height of 125 mmand a wall thickness of 0.8 mm which
supported,to be vertical, for exanple by placing in a test tube stand.
|y - |y unugdego\t est tubes should be used in this test, and should
bd di searded after ugd). N0 10m Jayco synthetic urine is added to
t Qe test tube using automqtic pipette at a rate of about 5 m s[err]. As

t§e synthetic urine i NS be188per absor bent pmat eri al
N ” .
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begi As T‘U‘“s‘""‘TI form ng a front t% noves upwards in the test tube. The
. hgi ght of the front Is recorded as a 15 function of tine, either
ually or using an i mage anal yser. after video recording. The hei ght of
front is then translated into nonentary X-load, X(t)-load, of synthetic
urf ne per gramdry superabsorbent material, wherein X( ) t§t) x 28, where
h( ) is the lengt 235 _£ Q\\J\ \f\\I‘;‘\-"\1."\(.".’-"\-“\-'\5-‘\'..“s.;‘w\-"\‘-“\-“\-‘ ST ‘\’z‘\’r‘-;‘ e swol | en
TR, .,’\'J:‘}%‘,:t{mx ‘f W{,&)d His the total
.Wa‘th WJWM‘,SWM to a total
ieshlicicialudbil il sabkispamgean U DEr absor bent gi ves a
J‘ ad be| ng the weight in gra B™~G gﬁ(nthetlc urine
bsor bgnt terial,can absorb. The™X(t)-load is
me. It is assuhed that the equilibrium absorbent

tHat 1 gram of dry
t jen pl otted agai nst
pacity of the Flow

era 59
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30 superabsorbent material under test is greater than 28g g The ratio of

the X(t) -load to the time t at which it is measured is called the
"Swelling Rate Function" (SR), and is the average swel L]

achieving X(t), i.e. SR(t) = X(t). 35 t Thépp K@EMENWEE
aést&%front

Rate" (DSR) is the value of the swelling rate functio
28gg[err], i.e. DSR = 28gg[err] t[err] 40 where t[err]
reach X(t) = 28 g g[err] 31 If no gel bhkocking occur
t he superabsorbent material the nmaterial can be said t

(0]

Absorbent Articles
Field of the Invention
This invention relates to absorbent bodies comprising
5 fibrous material and superabsorbent material whereby the
absorbent bodies can handle relatively large amounts of
discharged body fluids, as well as absorbent articles
including such bodies, far instance disposable diapers.,
incontinence articles and training pants.
10 Background of the Invention
Absorbent articles of this kind generally comprise a
liquid pervious topsheet that is located adjacent the
wearer’s body, a 1liguid impervious backsheet that is
located distant from the wearer’s body and adjacent the
15 wearer’s clothing, and an absorbent core or other body
interposed between the liquid pervious topsheet and the
ligquid impervious hacksheet.
It is well established that the construction of the
article, and in particular the construction of the
20 absorbent body, should desirably be such that the article
is capable of rapidly acquiring and distributing relatively
large volumes of body liquid initially discharged on to the
topsheet, and of storing such discharges. It is also
desirable that the absorbent body should not release stored
25 liquid when subjected to pressure or prolonged storage.
For instance the absorbent body should be such as to
e minimise rewetting of the topsheet by discharge of liquid
that has been stored in the body.
In order to promote distribution of liquid discharges
30 throughout the body, it is desirable to construct the body
so that the discharges are transported away from the area
of initial deposition, both laterally (in the XY plane) and
vertically (in the 2 direction).
Tt is known that different fibrous and other materials
35 promote different performance characteristics. For
instance it is known that a relatively low density stiff
and/or hydrophobic fibrous structure may serve as a useful
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rel atively perneabl e and the graph of X(t) against tine will be a
substantially horizontal |ine. This neans that 5 the function SR(t) is
substantially constant. Alternatively, with some nmaterials perneability
i ncreases during swelling, in which case SR(t) increases with increasing
time, also showi ng the absence of gel blocking. |If gel blocking occurs,
however, perneability 10 decreases during swelling SR(t) decreases with
increasing tine. In the context of this apglication a superabsorbent
material is said to have a substantially non-decreasing dynam c swelling
rate if the swel |upger atesquiaétion domeerld fomotragédipasecguibsingnt aakily
Svol | 6n 0 500 1o parind, (30 RS hd AL SR mPale
That means the reP3 i!\?é’edév?é?‘}“cﬁe[ §gﬂqT%? PPerEEeI 1 [err])] [err] SR
(t[err]) of the swellil¥g ¥stkwown thatrthandnclusigni of| superdizsorhess:

5 material (often alternatively referred to as polymeric
gelling material, hydrogel-forming material or
superabsorbent polymer) can be included in absorbent bodies
so -as--to-result.in a significant increase in the storage.
capacity. However it is also known that the use of

10 significant amounts of superabsorbent material may tend to
be accompanied by a phenomenon referred to as gel blocking.
Gel blocking occurs when the superabsorbent material swells
in such a manner as to reduce significantly the rate of
permeation of liquid that has been applied to the absorbent

15 structure. This can be minimised by appropriate
techniques for incorporating the superabsorbent material
within a fibrous matrix (for instance as described in U.S.
patent 4,610,678 issued to Weisman & Goldman 9th September

- 1986) and improved gquality superabsorbent materials

20 available in recent years has also reduced the problem.
However it can still be a significant problem, particularly
when it is desired to incorporate a high density of
superabsorbent material in a small volume, i.e., as a layer
consisting wholly or mainly of superabsorbent material.

25 It is desirable to construct the absorbent body such
that it has high absorption capacity per unit volume, and
in particular such that it has good absorption properties
despite being relatively thin.

In order to attempt to obtain optimum properties,

30 there have been numerous proposals in the literature for
manuf‘acturing milti-layer absorbent bodies utilising
various combinations of  fibres dnd superabsorbent
materials.

For instance in W091/11163 an absorbent body is

35 described comprising, inter alia, a particular type of
upper fluid acquisition and distribution layer and a lower
layer containing superabsorbent material. Additionally,
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20 preferably | ess than 25% nore preferably | ess than 10% or nost
preferably less than or equal to 0% Absorption Against Pressure Test This
test measures the absorptive capacity of a superabsorbent materi al

absor bi ng agai nst an external 25 pressure of 20g cnferr] (0.3psi), in
terms of the uniaxial swelling of the superabsorbent material against that
pressure. A ceramic filter plate having a dianmeter of 120mm and O porosity
(ceramic filter Duran from Schott) is placed in 30 a petridish having a

di aneter of 150 d hei ght _of . 30mMm % by, wei ght_ .sodiumchl ori de
solution in di smﬁa‘%d h\%ﬁ glr“gelqs mgaﬁe%f%pé’sg%g etlﬁcoﬁgg’ﬁag&o atthg]?asﬁéwf’i | ter
plate is coveredtayerg risd finciede paynarabserhgnt pRtardRdr of IN25ome
(Schwar zband 589idgimnceshkhe cétie madeStdllls) visad3bn bddhageded Huleifil ter

plate and is thoggughl yoyeided Viidteblfie S WbuPhElHdrde RAUMLPD: are
5 proposed. For instance in U.S. 4,338,371 issued 6th July

1882 to Dawn an absorbent body is proposed comprising,

inter alia, an upper wicking layer, a fibrous layer, a

layer of acrylic carboxylate superabsorbent polymer, and a

lower (distant from the wearer’s body) layer conmprising

10 hydrolysed starch acrylonitrile graft superabsorbent
polymer. It is stated that the lower layer of
superabsorbent material should gel faster than the upper
layer, and that the upper layer should gel slower and
absord more fluid than the lower layer.

15 In EP-B-401189 it is proposed that there should be
mutually different superabsorbents disposed in at least two
layers wherein one of the absorbents has a high absorption
rate and the other has a high liquid-retention ability when
subjected to pressure. It is recommended that the fast~

20 absorbing superabsorbent should be located in the lower
layer (distant from the wearer’s body).

In W092/11831 a multi-layer absorbent article is
described which can include at least one
acquisition/distribution layer and, beneath each such

25 layer, a layer comprising superabsorbent material. Each
of the layers is characterised in that the superabsorbent
material has a fast absorption rate. This publication
acknowledges that the provision of a plurality of such
layers may prevent travel of body liquids through the

30 entire abscorbent body because of the tendency for a layer
containing such superabsorbent material to block the flow
of liquid. W092/11831 proposes the provision of particular
pathways to allow flow despite such blockage.

A wide variety of superabsorbent materials are

35 commercially available and they are, and have been,
supplied to meet a wide variety of requirements. For
instance different materials are available which have, for
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32 A Plexiglass cylinder having an inner dianeter of 60nm+/- 0.1nm and a
hei ght of 50mm is closed at its bottomwith a screen filter cloth having
apertures of a diameter of 36[err]m (400 nesh). 0.9000g +/- 0.0005g of

super absor bent 5 material is carefully scattered onto the filter screen
of a clean and dry Plexiglass cylinder, as described. It is necessary to
obt ai n a honbgeneous distribution of superabsorbent material on the nesh. A
cover plate having an outer dianeter of 59nn1+/- 10 0. 1nm an inner

di aneter of 51mm and the hei ght of 25mm haV|ng an attached wei ght having a

di ameter of 50 aﬂnee.heﬂa@%t opfsmtaaasaahgaﬁtm %&gzpazi%ﬁzggeﬁhlch
correspond to a ressy % %Ogcrﬂierr;é ?;c % ver
é%reng ig bsorp on agalns pressure and so

forth.
Despite the wide variety of superabsorbent and fibrous
5 materials, and combinations thereof, that have been
proposed, there remains a need to try to improve the
construction of absorbent bodies for incorporation in, for
instance, diapers-so-asto optimise-performance; especiaily
having regard to the desirable objective of minimising the
10 thickness of the absorbent body while maximising
acquisition, storage and retention with lowest possible
rewet results during use.
It has been our object tec provide novel absorbent
bodies which overcome various of the disadvantages of
15 existing absorbent bodies and in particular that permit the
attainment of particularly good absorption characteristics
and which are easy to manufacture by conventional
techniques. '
Summa of the ventj
20 The invention provides an absorbent body comprising in
sequence from the top (i.e., the surface that is to be
adjacent to the wearer’s body):
an upper assembly comprising
an acquisition layer substantially free of
25 superabsorbent material and
‘'a superabsorbent layer consisting mainly of first
superabsorbent material and which has a Gel Layer
Permeability (GLP) value of at least about 4 and generally
at least about 6, and preferably at least 9 and most
30 preferably at least 15 ,xlo"’cmssec/g and which is present in
an amgunt of at least about :’.Gglmz and
a lower assembly that includes second superabsorbent
material having an Absorption Against Pressure of at least
15g/g (and preferably at least 20g/g) at S(Ig/c:m2 and which
385 comprises
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pl ate and weights are placed in the cylinder and the 15 conpl ete cylinder
apparatus is weighed on a balance to the nearest 0.01g. The conplete
cylinder apparatus is then placed on the wetted filter paper in the Petri
dish, and is allowed to absorb for 1 hour. The cylinder apparatus is then
renoved fromthe filter plate and is re-weighed. 20 The cyl i nder
apparatus and filter plate should be cl eaned thoroughly between
measurenents, and the sodium chloride solusion and filter paper should be
renewed after each measurement. The absorption against pressure (AAP is
calcul ated as 25 fofPoWBPeAP2YeT (DAYHIE BPidyFPatRrf@ppatenage nder
absorption) - (wredhstofbundlonnder apiparidt ugisdteargdiy) feldr,r] ubine t izl
wei ght of superaggggggﬁglrgﬂugabaggd 30 When the value is to be
measured at SOQ/C”[erg] lgg'er.? pls.!q;er which contains second superabsorbent
5 material and wherein at least 70% by weight of the total

amount of the second superabsorbent material which is in

the upper and lower layers is in the lower half of the

comhined thickness of the upper and lower layers.

In one important aspect of the invention, the first

10 and second superabsorbent materials are the same material.
This facilitates manufacture and can give good performance.

In another important aspect of the invention the first
and second superabsorbent materials are different materials
which have different properties, and in particular the

i5 second superabsorbent material preferably swells faster
than the first material.

The invention also includes absorbent articles
comprising, in sequence, a liquid pervious topsheet, an
absorbent body as defined above arranged with the upper

20 acguisition layer towards the topsheet, and a 1liguid
impervious backsheet. Preferred absorbent articles of the
invention include disposable diapers, incontinence articles
and training pants.

ie esc tion o e awings

25 Figure la is a diagrammatic plan view of an exemplary
absorbent article according to the present invention.

Figure 1b is a diagrammatic cross-sectional view
showing the layer structure of the article in the cross
direction.

30 Figure 1c is a diagrammatic cross-section of the
article in the length direction.

‘Figure 2 is a side view of an air laid felt padmaker
machine used to make ¢the sample pads for the Wet
Compressibility and Drip Capacity Tests.

a5 Figure 3 is an enlarged view of a portion of Figure 2.

Figure 4 is a cross-sectional view of the apparatus

used ip the Fluid Acquisition Test.
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the weight is correspondingly increased. Performance Under Pressure (PUP)
Test The PUP test determ nes the follow ng Performance Under Pressure
paranmeters for an AGMthat is laterally 35 confined in a piston/cylinder
apparatus under a high confining pressure: 33 1. Maxi mum

Absorption/ Transport Rate (inunits of gmcnierr]/ secl[err]) 2. Capacity
(inunits of gmgm at specified tinmes) The objective of the test is to

assess the inpact of 5 i n-use pressure onedermand absorption and fl uid
transport by an AGM | ayer, where an AGMis used at high concentrations in a
di aper. Figure 5 is a part sectioned side view of apparatus

used in the X,Y¥-Demand Absorbency Test.

Figure 6 is an enlarged view of a portion of Figure 4.

Figure 7 is a cross-sectional view of liquid flowing

5 in the X-Y plane in an absorbent core according to the

invention.

Figure 8 is a side view of the apparatus used in the
Gel Layen.Eermeability”test.

Figures 2 to 8 relate to Test Methods described below.

10 Referring to Figures la, b and ¢, the exemplary
article 1 is a diaper or other absorbent article comprising
a topsheet 2 (which contacts the body of the wearer), a
backsheet 9 and the novel absorbent core of the invention
between the topsheet and the backsheet.

15 The core conprises an upper acquisition/distribution
layer 3, a superabsorbent layer 5 of first superabsorbent
material separated from the acquisition layer 3 by a tissue
layer 4 having two folds in the % direction, an upper
fibrous layer 6 and a lower layer 7 conprising second

20 superabsorbent material, and a tissue layer 8. The layers
6 and 7 may be separate layers as shown diagrammatically or
they may merge into a single layer and they serve as a
storage and redistribution assembly. As will be apparent
from the drawings, it is not essential that the layers

25 should be co-extensive.

Detajled pDescriptijon of the Preferred Embodiments
of the Invention

It is thought that the combination of materials and
layers defined in the invention provides a useful

30 optimisation of the functionalities of the materials. 1In
particular, it is thought to allow saturation of the
supe;absorbent material first in the'region of the core
furthest away from the wearer’s body, and then gradually
closer to the wearer’s body until the core has reached its

35 maximum capacity. The invention achieves this by providing
an upper assembly or structure which acts initially as an
acquigition/distribution structure and that is relatively
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The test fluid for the PUP test is Jayco synthetic urine. This fluid is
absorbed by the AGM under denand 10 absorption conditions at near-zero
hydrostatic pressure. A piston/cylinder apparatus is used to laterally
confine the AGM and i npose a specified static confining pressure. The
bottom of the cylinder is faced with a No. 400 nesh screen to retain
dry/swol l en AGM and permt 15 absorption and z-direction transport of
urine. A conputer- interfaced sorption apparatus is used to neasure urine
absorption versus time. A piston/cylinder apparatus is used for this
nmeasur enent . Threrogablelcto | Bodraigchegges. t r Thepdissitarz@s thexefivreod (or

equi Y?l fﬂt)kand fgﬁf%sa FONR i v@hgmegeicialy 6+APewaH akfa —FA&t27eAS Ny, W th
el T cutess B BRSNS fodet SO B pm Sy o
screen cloth thata ESopRgsiaaM| yedistaribHEdor pssenbly where the liquid can
5 be stored. By preferentially arranging the second
superabsorbent material in the lower part of the lower
assembly, so that the upper part has a lower or " zero
concentration. af superabsorbent material, vaid space is.
provided in the lower assembly that can promote the storage

10 capacity of that assembly. By using second superabsorbent
material having the defined Absorption Against Pressure
value, good storage retention is achieved.

Liguid that is not adequately absorbed into the second
superabsorbent material can subsequently be absorbed in the

15 first superabsorbent material. The provision of this as
a layer beneath the acquisition/storage layer has the
advantage that this first superabsorbent material acts to
dry out the acguisition layer so as to optimise rewet and
to improve skin dryness.

20 In order to achieve the desired performance
characteristics it is necessary to select appropriate
combinations of various materials in the core, as well as
their amounts. The following description refers to
suitable materials and by subjecting appropriate test

25 articles made from them to the specified tests, and
modifying the articles when necessary to achieve the
required test results, cores according to the invention can
be achieved.

For instance to achieve the above described fluid

30 handling advantages the first assembly should be
sufficiently open, or permeable, relative to the second
structure to allow quick passage of body discharges through
the first structure and intoc the second structure.
However, the first structure should not be toc open as thi;

35 could lead to a higher risk of gel-blocking of the
superabsorbent material in the second structure, thereby
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25 tautness prior to attachnent. The piston consists of a Teflon "cup”
and a stainless steel weight. The Teflon cup is machined to fit into the
cylinder within tight tolerances. The cylindrical stainless steel weight
is machined to fit snugly within the cup and fitted with a 30 handl e on
the top. The conbi ned wei ght of the Teflon cup and stainless steel weight
Is 1390gm which corresponds to 0.70psi for an area of 28.27cnferr]. The
conponents of this apparatus are sized such that the flow rate of synt hetic

urine through tngnapRAAYYS,Ag Thé“l‘i’:%%r@eﬂ‘@c gL gthhheaduis, | east

0. Olgnicn[err]/sec where owrate 1's no by the area I§t the
fritted disc in&that %ﬂﬁﬁaﬁ&?ﬁ% be sgxuFkrs particul arly 34
Upper Assembly

This comprises an acquisition layer and a layer of

5 first superabsorbent.
The acquisition layer is the upper effective layer of
the absorbent core or other body (excluding any tissue or
 topsheet if present). It is generally substantially free
of superabsorbent material. If superabsorbent material is

10 included, the amount should be kept low (for instance as in
WO91/11163) but preferably the layer is wholly free of
superabsorbent naterial, at least in the upper half, and
generally throughout most or all of its thickness. The
layer may be of foam or other suitable porous or capillary

i5 material but is usually formed of first fibrous material.

Suitable materials and properties of this upper layer,
and methods of making it, are described in W091/11163.

This upper layer preferably has a Wet Compressibility
of at least about Scm"‘/g- and a Drip Capacity of at least

20 109/g. Fibrous material of the defined Wet
Compressibility and the defined drip capacity maintains
its openness, or void volume, when wetted by, for exampile,
urine. The provision of such a permanently open fibrous
layer having a high drip capacity in the core means that

25 not only does the core acquire body discharges, such as
urine, rapidly, but the layer also has the potential to
transfer these discharges into the subjacent structure of
first particulate superabsorbent wmaterial relatively
quickly.

30 The first fibrous material can be any fibrous material
that has a suitable resistance to load when wet, i.e. is
able %o maintain satisfactory void vyolume under such
conditions and this is <defined herein as Wet
Compressibility which is measured by the Wet

35 Compressibility test described below. '

The “Wet Compressibility", or void volume per gram of
wetted fibrous material under a '7'7.5gc:m'z {(1.1psi) load, of
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I mpactful on system perneability are the perneability of the fritted disc
and the inner dianeters of glass tubing and stopcocks. The apparatus'
reservoir is positioned on an 5 anal ytical balance that is accurate to
0.0lgmwith a drift of less than 0.1gm hr. A nore accurate/stable bal ance
I's preferred. The bal ance is preferably interfaced to a conputer with
software than can (i) nonitor bal ance wei ght change at pre-set tine
intervals fromthe initiation of the 10 °®PUP test and (ii) be set to auto

initiate on i . 01- '
sensitivity. aTh "%h%l%gggp g@??ﬁgéfﬁigag‘?g?engggp%Iagnﬁ%%‘%g’cﬁfe“%%' ei t her
the bottom of timreferabiyiat oredsts écpvkr,. andrmesfobuatesfbly| akdleastt he
re)e(tsre([ﬂ\cfflegI 3B<r)iulnck.ts%m§¢1fj iigent upued slor evbAligin’gast wiel can be _
ChePoservaty "% RS e A el B Vg
5 Capacity® of at least 10ml g, preferably at least 15ml
g”, and most preferably at least 20ml g", e.g., up to 25
or even 3ioml g". The "Drip Capacity" is a measure of the
ability of a fibre matrix to receive synthetic urine at a
loading point, transfer it away from that point and then
10 hold it within the matrix. The "Drip Capacity" is measured
by the Drip Capacity Test described below.

Suitable first fibrous material can comprise
chemically stiffened cellulosic fibres, generally in an
amount of 50 to 100% by weight of the first f£fibrous

15 material and 0 to 50% by weight other fibres such as non-
stiffened cellulose fibres and synthetic fibres. Preferred
chenically stiffened cellulosic fibres are stiffened,
twisted, curled cellulosic fibres which can be produced by
internally cross-linking cellulose fibres with a cross-

20 linking agent; The types of stiffened, twisted, curled
cellulosic fibres useful as the hydrophillic fibre material
of the absorbent structures described herein are described
in greater detail in the following patents: U.S. Patent
4,822,453 entitled ‘“Absorbent Structure Containing

25 Individualised Cross~linked Fibres", issued to Dean et al.
on April 18, 198%; U.S. Patent 4,888,093 entitled
nIndividualised, Cross-linked Fibres And Process For Making
Said Fibres", issued to Dean et al. on December 19, 1989;
U.S. DPatent 4,889,595 entitled "“Process For Making

30 Individualised, Cross-linked Fibres Having Reduced
Residuals And Fibres Thereof", issued to Herron et al. on
DecemBer 26, 1989; U.S. Patent 4,889,596 entitled “"Process
for Making Individualised Cross-linked Fibres and Thereof",
issued to Schoggen et al. on December 26, 13989; U.S. Patent

35 4,889,597 entitled “"Process For Making Wet~Laid Structures
Containing Individualised Stiffened Fibres", issued to
Bourbon et al. on December 26, 1989; and U.S. Patent
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the top surface of the fritted disc. This can be confirmed by placing a
smal |l drop of fluid on the disc and 20 gravinetrically nonitoring its
slow fl ow back into the reservoir. This | evel should not change
significantly when the piston/cylinder apparatus is positioned on the frit.
The reservoir should have a sufficiently |arge dianeter (e.g. -14cm so
that withdrawal of -40m results in only a 25 smal | change in the fluid
hei ght (e.g. <3mm). Jayco synthetic urine e prepared by]dissoivEFg a]

m xture of 2.0gmKd . 2. 0gmNajerr]Serr],0.85gmNH err]Herr]PJerr],

0. 15gm (NH[ err]) [ 2t3]84%¢Fer r 5 166gm ER¢I$%ad, |, Shemicaldgm Mgtiffemel t o
1.0 litres with dfetidlosdcviitses Atk Ababtbent StE@cBARINaddITEEASE ! om 30

Endovati ons, ReadigghedP@o( #8brdQt g&;og;agégyy;Fﬁlg. fgd r to nmeasurefnent,

the apparatus is filled with synthetic urlne. e fritted disc is forward
a

flushed with urine so THaAf-1°F 9419 SFARFEReE, et WOBiFi 6ibrepo tifte foxt ent
possi bl e, ai r5bub®d ¥ PeFeiblarsoctprmgdntetherdayemeron synthetic polymer

fibres, usually mixtures of synthetic and natural fibres.
Suitable fibres are polyethylene, polypropylene, viscose
and rayon fibres, and bi-component fibres of. these
materials, mixed with airfelt, cellulose, modified
10 cellulose (as above) or other natural fibres. Typically
such a mixture will have at least about 5% synthetic
fibres, and preferably at least about 10% synthetic fibres.

The first fibrous material layer is generally formed
by air laying the desired fibres during or prior to the

15 preduction of the absorbent core, -but if des:i:red a
preformed non-woven or a wet or air laid or other fibrous
material can be used.

The superabsorbent layer consisting mainly of first
superabsorbent material may be formed in the lower part of

20 the acquisition layer but preferably is a separate layer
and may be separated from the acgquisition layer by a tissue
or other layer that acts as a containment barrier for the
superabsorbent material.

It is important that this layer consisting mainly of

25 first superabsorbent material should allow urine, menstrual
fluids or other body discharges that are rapidly acquired
by and distributed by the first fibrous layer to pass
rapidly through and be distributed beyond the layer of
first superabsorbent material without significant blockage

30 by that layer.

The amount of the first superabsorbent material should
be su¥ficient to provide at least a substantially overall
layer of superabsorbent material when swollen by absorption
of urine in use. The superabsorbent material is usually

35 in particulate form and it is usually necessary for it to
be present in an amount of at least about 20gjmz in order
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35

reservoir. The follow ng procedures are carried out by sequential ope

of the 3-way val ves: 35 1. Excess fluid is renoved (e.g. poured)
the fritted funnel. 2. The sol ution hei ght/weight of the reservoir is
adjusted to the proper |evel/value. 5 3 The frit is positio
the correct height relative to the reservoir. 4. The funnel is covered.
5. The reservoir and frit are equilibrat®d with connecting val ves open.

10

surface of the frit and all tubing that connects the frit to the

6.

10

15

20

25

30

35

All val ves are cl ose

that it provides a sugétantially overall layer. Often the
amount is at least 50g/mz.

Generally the 1layer should not be too thick and
normally the amount is below BZOg/mz, often below
200g/m°.

Lowe ssemb

The 1lower assembly serve as a storage and
redistribution assembly and includes an upper, usually
fibrous, layer and a layer of second superabsorbent
material.

The. upper layer in the lower assembly is generally
fibrous but can be formed of foam or other suitable
capillary or porous material. It provides void space for
storage of liquid. The fibrous or other material of this
layer can add an extra stage of control to the absorption
profile of the absorbent body of the invention. For
instance it may slow down the passage of body discharges as
they leave the first superabsorbent layer and prior to them
reaching the second superabsorbent layer material. This
may minimise the chances of gel-blocking occurring in the
second superabsorbent material, and this can be
particularly useful in those embodiments where the second
superabsorbent has faster absorption kinetics and so tends
to be more sensitive to this phenomenon.

The second fibrous material may comprise fibrous
material of any conventional type. The fibrous material
can be airfelt, a mixture of natural and synthetic fibres,
chemically cross-linked cellulose fibre or any other known
fibrous material commonly used in absorbent cores of
absorbent articles. If desired it may include some fibres
of the same type as the first fibrous material.

‘Each fibrous layer may add integrity and may alsoc add
softness to the absorbent core.

The upper layer may be subs .ntially or wholly free of
superabsorbent material and thus may be an air felt or
other fibrous or storage layer formed in the absence of
supera?sorbent material. The lower layer can then be a
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7. The 3-way val ve connecting the fritted funnel to the drain is
positioned so that the funnel is open to the drain tube. 8. The systemis
allowed to equilibrate in this 15 position for 5 mnutes. 9
The 3-way valve is returned to its closed position. Steps Nos. 7-9
tenporarily "dries" the surface of the frit by exposing it to a snmall
hydrostatic suction. 20 Typically -0.2gm_of fluid is drained fromthe

systemduring this procedure. Thi s pr&@edure prevents premature
absorption when t&@pa&la%bqpl %Eh&i’eiayér p&?dprrllem ﬂ Qddrlae s & bia somg
quantity of fluid_ that, ralngrh gg1t e frit int roce cal ea t he
frit correction WGP s 2 480 BY e dﬁrﬁﬁﬁﬂﬂ Q Ph§1¢ﬂﬂg &%XpBRY nent

(see below) for aSQﬂaﬁ§tp®Plohwcﬁf E@enﬁnaeegbsmrmhontmaﬂurxpnston/cyI|nder
apparatus. Essential | wowehepfit He bEtés disaragle ffc@Mbhdpper and 1ower

5 layers to be formed as in EP-A-198683, wherein the upper
and lower layers are provided by an air laid fibrous matrix
wherein more than half by weight, and usually at least 70%
by weight, of the superabsorbent material in the upper and
lower layers is in the lower half of the thickness of the

10 upper and lower layers. For instance 70 to 100%, often 70
or 75 to 90 or 95% by weight of the second superabsorbent
material is in the lower 50% of the thickness of the upper
and lower layers. There can be some, for instance 5% to
10% or sometimes up to 30%, of the second superabsorbent

15 material in the upper half of the thickness of the upper -
and lower layers.

Generally the upper and lower layers are provided by
air laying a blend of appropriate wood pulp or other
hydrophilic fibres for instance on to a conventional air

20 laying drum or other receiving surface. The distribution
of superabsorbent material through the thickness of upper
and lower storage layers can be achieved by appropriate
selection of the distribution of superabsorbent material
into the stream of fibres being carried down on to the

25 receiving surface, for instance as described in EP 198683,
or by injecting or otherwise distributing the
superabsorbent into the air laid matrix as it is formed on
the receiving surface.

When air laying such a matrix, it is generally

3Q desirable additionally to provide a fibre layer
substantially free of superabsorbent material which is air
laid with and beneath the lower layer., Instead of or in
addition to this a layer of separately formed tissue or
other fibrous material may be provided in this position.

35 Typically the amount of second superabsorbent material
is 30 to 95%, preferably 45 to 75%, by weight of the upper
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frit via this procedure is very quickly reabsorbed by the frit when the
experinment is initiated. Thus, it is 30 necessary to substract this
frit-correction weight fromweights of fluid renmoved fromthe reservoir
during the PUP test (see below). 0.9gm of AGM (corresponding to a basis
wei ght of 0.032gmcnferr]) is added to the cylinder and spread evenly n 35
the screen via gently shaking and/or tapping cylinder. For nost AGMW,

noi sture content is typically | ess than 548 For these AGMs, the added AGM

wei ght can be d ' .3 -Weh gbt ; et 4l ' or AGVs
havi ng a nnistu?%ﬁggkﬁggtggyggﬁer Sﬂ%ﬁRgﬁgat@%%Jﬁfﬁg éﬁggﬁgi%kﬁﬁngit
shoul d be correci@tFe dPonbPstWW/M - e. the added AGM shoul d be

Superabsorbent Materials
One suitable definition of first superabsorbent
5 material which can be included in useful amounts in that
layer is the Gel Layer Permeability value (GLP} measured by
the GLP test described in the test methods below. The
first superabsorbent material should generally have a GLP
value of at least 6, preferably at least 9, for instance
10 more than 15 and up to 40,%10 cm’ sec/g or more.

The objective of the Gel Layer Permeability (GLP) test
is to determine the saline flow conductivity of the gel
layer formed from a dispersible AGM that is swollen in
Jayco synthetic urine under a confining pressure. The flow

15 conductivity provides a measure of the ability of the gel
layer formed from a swollen AGM to acquire and distribute
fluid during use in an absorbent structure. Darcy’s law
and steady-state flow methods are used for measuring gel-
layer permeability and determinihg saline flow

20 conductivity. (See, for example, "Absorbency", ed. by P.K.
Chatterjee, Elsevier, 1985, Pages 42-43 and "Chemical
Engineering Vol. II, Third Edition, J.M. Coulson and J.F.
Richardson, Pergamon Press, 1978, Pages 125-127.)

The gel layer used for permeability measurements is

25 formed by swelling an AGM in Jayco synthetic urine for a
time period of 60 minutes. The gel layer is formed and its
fiow conductivity measured in a piston/cylinder apparatus
under a mechanical confining pressure of 0.3psi. The
bottom of the cylinder is faced with a No. 400 mesh screen

30 to retain dry-swollen AGM and permit absorption and 2z-
direction transport of urine. The piston is permeable to
fluid! Flow conductivity is measured using a 0.118M NaCl
soclution. For an AGM whose uptake of Jayco synthetic urine
versus time has substantially levelled off, this

35 concentration of NaCl has been found to wmaintain the
thickness of the gel layer substantially constant during
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0.9gmon a dry-weight basis). Care is taken to prevent AGM 5 from
adhering to the cylinder walls. The Teflon insert is slid into the
cylinder and positioned on top of the AGM The insert can be turned gently
to help distribute the AGM The piston/cylinder is placed on top of the
frit, the appropriate stainless steel weight is slipped into the 10

Teflon insert, and the funnel is covered. After the balance reading is

checked for stability, the experinment is irﬁ%iaied by openi ng the val ves
between frit and rgeservoi ni LI at data .. coll ection

comences i medi att e%eﬁgv %Yl’%etasarﬁm%’&t'begl nss°fn8 AWK TPY- I FRanges s
Data i s recorded fl@r %ltﬂhweﬁertmak%?s%t CRRaFECH0 Af nuttesresdidiafgshi@houl d

be nmore frequent aiwegatihy, t AGES(GeswelinddManf/onheRahddl dihS gREL Nrer
athough ot requCEaort enh yBie Ry EReAs Uiec b b e T ey
appr oaches eqlﬁ ﬂl HSSn Pt 0.118M NaCl), above the layer, is used for the

neasurenent.

Flow rate is determined by measuring the quantity of
solution flowing thirough the gel layer as a function of
time. Flow rate may vary over the duration of the

10 experiment. Reasons for flow-rate variation include
changes in the thickness of the gel layer and changes in
the viscosity of interstitial fluid, as the fluid initially
present in interstitial voids(which, for example, can
contain dissolved extractable polymer) is replaced with

15 NaCl solution. If flow rate is time dependent, then the
initial flow rate, typically obtained by extrapolating the
measured flow rates to zero time, is used to calculate flow
conductivity. The saline flow conductivity is calculated
from the initial flow rate, dimensions of the gel bed, and

20 hydrostatic pressure. For systems where the flow rate is
substantially constant, a gel-layer permeability
coefficient can be calculated from the saline flow
conductivity and the viscosity of the NaCl solution.

Another way of defining useful materials is in terms

25 of the Dynamic Swelling Rate. Suitable materials have a
substantially non-decreasing Dynamic Swelling Rate.
| The Dynamic Swelling Rate of a superabsorbent material
is a measure of the uniaxial swelling of the superabsorbent
material in a test tube as synthetic urine is added teo it

30 as a function of time. The test method used to measure the
dynamic swelling rate is called the Dynamic Swelling Rate
Test, and is described below. By saying that the Swelling
Rate is substantially is substantially non-decreasing, we
mean that the relative deviation of the Swelling Rates, as

35 explained below in the description of the test method,
should be less than 50%, preferably less than 25%, more
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Moi sture content of the AGMis determ ned separately using the standard P&G
nmet hod (% wei ght | oss after 3 hr [err] 105C). Al values for gm gm
capacities are reported on an AGM dry-wei ght basis. 25 PUP Capacity
is reported in units of gm gm PUP Capacity at any tine is determ ned as
follows: PUP Capacity (t)=[Werr](t=0)-Werr](t)-Werr]] /{Werr]} where t
Is the elapsed tinme frominitiation, Werr](t=0) is the weight in grans of
the reservoir prior to initiation, Werr] (X3 30 is the weight in grans of

the reservoir at Iggseg tine t err] ig the frit correction weight in
grams (neasured ?gﬁar 5F Jr’il)l,esgnah%% eJrQr‘% a|“§ PRE® RPIRERBRY Je$sgEbams aof t he
AGM PUP Capaci t \e9ualr tpotensd peoeentsres of 5, 10 30 and 60 minutes after
initiation. 35 THEE FRLALEEPpEHdKRrbEADSAIterRRL e denarGRPY L Gd I N
units of g cnt enidyoBel St hoatlift HhedBil a1l o' T 'Real Y1 54 2
5 generally at least 20, g/g at 50g/cm2. The Performance
Under Pressure value is generally more than 20g/g and
preferably more than 30g/g. '
The second superabsorbent material. should. have. an .
Absorption Against Pressure of at least 15, and preferably

10 at least 20, g/g at .'zotg,'/c:m2 (0.7psi) pressure, The
Performance Under Pressure value is generally more than
20g/g and preferably more than 30g/g.

Useful results can be obtained when the same material
is used as the first and second superabsorbent materials,

15 in which event the first superabsorbent material will have
the same Absorption Against Pressure value as the second
material. However different materials can be used and in
order to optimise performance in some respects, and in
particular to obtain greater control in the flow and

20 absorption of urine and other fluid discharges within the
core, it can be preferred for the second material to have
absorption kinetics which are faster than those of the
first superabsorbent material. This is measured in terms
of the Dynamic swelling Rate of each of the superabsorbent

25 materials, wherein the dynamic swelling rate of the first
superabsorbent material is preferably not greater than 2/3,
and preferably not greater than 1/3, of that of the second
superabsorbent material. The alternative way of defining
this difference is to say that the Dynamic Swelling Rate of

30 the second superabsorbent material is preferably at least
1.5 times, and most preferably at least 3 times, the
Dynamic Swelling Rate of the first superabsorbent material.

It is desirable, especially when the second
superabsorbent material has faster absorption kinetics, for

35 it to have a Dynamic Swelling Rate of at least 0.2 grams
urine per second per gram of superabsorbent material (g g'1
s") . Preferably the Dynamic Swelling Rate of the second
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37 PUP Absorption/ Transport Rate (t)

=(1/ Alerr])x[Werr](t)-Werr](t+dt)]/[(t+dt)[err]-t[err]) where t is

el apsed tine in units of seconds, Werr](t) is the weight in granms of the
reservoir at elapsed tinet, 5 Werr](t+[err]t) is the weight in grans of
the reservoir at elapsed tinme t+[err]t, and Alerr] is the area of the cy
nder in units of cnferr]. If determned graphically the PUP Uptake Rate is
the tangent to the uptake curve where the 3 axis is fluid uptake in units
of gmcn2 and the x-axis is the square root 10 of ting, where tine is in
units of secondsSuPeypBepEhenterateritdd ifudkriadst! 9- D19 gr aphi vl 1§, cahe rate
at any uptake/tinme up poefmalihgtanter m.Bedraéteat 159gpet hi ng" t he out put

dat a. The first and second superabsorbent materials may be
of any suitable physical shape, e.g. fibrous, film or
5 particulate. Preferred materials are particles that may be
true spheres, granules, aggregates, agglomerates or
irregular shaped particles as typically produced by a
grinding process. .Tgpina_ll_y they. are hydrogel~forming.
polymers which comprise an acrylate polymer or copolymer.
10 An example of superabsorbent materials having the
above described properties is Favor SX (available from
Chemische Fabrik Stockhausem GmbH, Krefeld, Germany). In
particular, it is desirable to use as the first
superabsorbent material Favor 8X, Type P, lot no. WS$1776
15 available from Chemische Fabrik Stockhausen which have a
GLP value of 9x10 cm’ sec/q.

The particulate superabsorbent material c¢an be
substantially entirely polymeric absorbent hydrogel-forming
material, or can comprise a mixture of superabsorbent

20 hydrogel-forming material with an additive, such as for
example, powdered silica.

The first superabsorbent material, and sometimes also
the second superabsorbent material, is provided as a layer
which consists mainly of the respective superabsorbent

25 material. By this we mean that at least 50% by weight, and
often at least 70 or 80% by weight of the layer is provided
‘by superabsorbent material. Preferably it consists
substantially only of superabsorbent by which we mean that
the superabsorhent particles should mainly be in contact

30 with each other. This layer of superabsorbent can be
bonded to, or ctherwise supported by a support sheet. The
distribution within the layer can be 'uniform or can be
varied, for example to provide a shaped design which may be
striped or profiled within the layer, see for example EP-A-

35 217,666 and US-A-4,935,022.

The layer can consist of superabsorbent material
integrated with or dispersed within a support sheet, such
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The PUP Absorption/ Transport rate typically starts off 15 at or near its
maxi mum val ue, remains relatively constant for a sustai ned period of

upt ake/tine, and then decreases as the maxi mum capacity is approached. Only
t he" Maxi mum PUP Absor ption/ Transport Rate" is reported. This maxi numrate
typically occurs early in the absorption process. 20 However, for sone
AGVs there nmay be either a lag tinme due to slow wetting of dry particles or
a very-fast initial rate due to very-rapi dtletting of dry particles. In

order to mnims e h ffects and insure that the
reported maxi mum %g rdgggaga #%tdt r’%%gégrg %&ert ACBLERVE JWPFitent |y
thick layer of swigid e?FpRG?PSBWPV‘R/a‘PQ}E%r I@fl A3Sorlst i oevrakepovitiRatiee

occurring after tduppoptakbeet bY.Hddtghingnicer by medhgmiefl fildand) s@éE as
consi dered in theHRlgiaynati leﬁdéﬁ%gmx'lgﬂ@rggtcﬁveﬁ Ve $ibrdlneq

The particle SI ae di Stcanbuéoln%r}.st subs%g lly only of superabsorbent

material in the form of permeable sheets or film-like
structures. Such sheets or films can be formed during
polymerisation of the superabsorbent material, or by
bonding together particles or fibres of superabsorbent
10 material by adhesives or other suitable means. For example
U.S. 5,102,597 and U.S. 5,124,188 describe processes of
producing sheets of bonded particulate superabsorbent
material.
In one embodiment, the same superabsorbent is used as
15 the first and second superabsorbent materials.
Accordingly, both materials preferably have a GLP value of
at least 6, preferably at least 6.5 and most preferably 7
to 10 or even 12 or 15ml/cm2/sec.
In another embodiment, the first and second
20 superabsorbent materials have different absorption
kinetics, and in particular the second superabsorbent
material has faster absorption kinetics than the first
superabsorbent material, for instance having a Dynamic
Swelling Rate of at least 0.2gg’'s’' and/or a Dynamic
25 Swelling Rate that is preferably at least 1.5 times, and
most preferably at least 3 times, the Dynamic Swelling Rate
of the first superabso:.oent material. The provision of
this underliying, rapidly absorbing, second superabsorbent
will have the effect of tending to "suck" urine through the
30 upper assembly into the lower assembly. The consequence of
this is that if absorbent bodies according to the invention
are made wherein everything .is constant except for the
Dynamic Swelling Rate of the lower, second, superabsorbent
material, the rate of transfer of urine through the upper
35 assembly and down into the lower assembly will tend to
increase with an increase in the Dynamic Swelling Rate of
the superabsorbent in the lower assembly. Accordingly,
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material is determ ned by placing a known wei ght of a sanple in a Retsch
mechani cal sieving device, and shaking for a specified period of tinme under
defined conditions. Sanple sections is retained on each sieve and the
bottom 35 pan are wei ghed and reported as percentages of the original
sanpl e wei ght. 38 100g +/- 0.5g of dry superabsorbent polyneric materi al
I's weighed into a sanple cup which is then closed by a lid. Four sieves are
nested frombottomto top as foll ows: stainlgess steel bottom pan, No. 325,
No. 100, No. 50 and 5 No. 20; these being nunbers of the U S. sieve
series (ASTM E- l1angiher Thoeferpdd pspegtansferthed invertdomppeysidest iof t he
series of sieves, apBérbdr POWEEE wWherdiftdHd¢iedt esibsorbent material

has a GLP value lower than may be optimum when the same

superabsorbent is used in both layers (for instance having

] a GLP value of at least 3 or 4 and usually at least s,xloq

cn® sec/qg) and the second superabsorbent has a Dynanmic

Swelling Rate at least 1.5 times, and preferably at least

3 times; the Dynamic - Swelling  Rate- of- the - firxst

superabsorbent, and/or preferably has a Dynamic Swelling

10 Rate of at least 0.2 g/g/s.

When it 1is desired to have superabsorbents of
different absorption kinetics or other properties this can
be achieved by using different chemical types or both
providing the same chemical type but having different

15 particle sizes or physical shape in the first and second
assemblies. Thus, the first superabsorbent material may
mainly comprise coarser material and may have a coarser
average particle size, and the lower superabsorbent
material may mainly comprise finer material and maybe of

20 smaller average particle size.

The use of coarse particles as the first
superabsorbent promotes the permeability of the layer of
first superabsorbent. The finer particles have a larger
surface to volume ratio than coarser particles, and so will

25 tend to be capable of faster absorption than the coarser
particles, provided there is no‘gel blocking. Confining
the finer absorbent material to the lower structure also
has the advantage of reducing the risk of its escape onto
the skin of the wearer and also reducing the risk of pock-

30 marking which can be caused by the coarser particulate
supegabsorbent material penetrating the inpervious
backsheet.

The particle size of the superabsorbent material is
expressed as a median mass particle size. This is measured

35 by the Sieve Test described below. Generally each is above
50um and usually above 100um, but below 850um and usually
below.600um. When the first and second superabsorbents
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around the screen. A stainless steel cover is placed on the No. 20 sieve.
10 The nested sieves are placed in position on a Retsch testing

si eve shaker Vibotronic Type VE1 with tiner. It is ensured that the Retsch
lid fits as tightly as possible against the top of the shaker. The tinmer is
set for 10 mnutes, and started to begin the test. Wen the shaker 15 has
st opped, the nest of sieves is renoved fromthe shaker. Each of the sieve

fractions retained by the sieve is then waigghed, for exanple by different
measurenents, to the nearest 0.1. It -is inportant to work quickly in this

test to avoi d 20arenif siafergitckiped\thiehnedipemabs qrahariclawtieri &f thdhe
medi an mass part gglg Sé@fex‘a%s@@ﬁ@ﬁ‘fn ﬂ@éemlplﬁ teinag ftllegtcgew Lyesparticle
size distribution curv S- i al _not aSS|n rou t he
mesh openi ngs vsPFaf 4& m8FeP$hP |%§9e“ﬂeigg(ﬂﬁ§ql hg Eﬁufrﬁ erably in
the range of 400 to 850 pm (20 to 40 mesh), and most
5 preferably in the range of 600 to 850um (20 to 30 mesh).
The finer, second, superabsorbent material typically has a
median mass particle size of less than 300 um (50 mesh) but
above 50pm--£325 mesh), preferably in the range of 100 to
250 um (60 to 140 mesh), and more preferably in the range
10 of 150 to 250um (60 to 100 mesh).
As an alternative to using superabsorbent materials of
different particle sizes to provide any required difference
in absorption kinetics between, it is also possible to use
different chemical types of superabsorbent material having
s inherently different absorption speeds. The superabsorbent
materials can be different chemical composition, for
example cross-linked partly neutralised polyacrylic acid or
a starch~based superabsorbent material. Alternatively,
they can be different by virtue of their production
20 processes, for example, a "broken-gel process" or an
inverse suspension {or bead) polymerisation.
Another way in which the superabsorbent materials may
differ chemically is that they may be cross-linked with
different cross—-linking agents or to different extents, or
25 one of the superabsorbent materials may be surface cross-
linked, or they both may be surface cross-linked to
different extents.
oxrbe ore Properties
The absorbent core of the invention preferably has an
30 Average Theoretical Basis Capacity of at least 0.7ml cme,
preferably at least 0.8ml cm?
1.2m1/cmf or even nore.
The Average Theoretical Basis Capacity is calculated
by summing the Basis Capacities of the individual
35 components to give the Theoretical Basis Capacity of the
core, and then calculating the average per unit area. The

and typically up to 1 or

Basis .Capacity is termed theoretical because for its

REPLACEMENT SHEET

03 APR 199/




25 I nterpol ating the sieve opening which corresponds to 50% of the

cunul ative distribution. Teabag Retention Capacity Test The superabsorbent
material is placed within a "teabag", imersed in a synthetic urine
solution for 20 30 m nutes, and then centrifuged for 3 mnutes. The
ratio of the retained liquid weight to the initial weight of the dry

super absorbent material is the absorptive capacity of the superabsorbent
material. 21 of 0.9% by wei ght sodi um chl ogbde in distilled 35 water is
poured into a tray having dinmensions 24cmx 30 cmx 5cm The liquid filling
hei ght shoul d be edRla¥ian it mDepupgest EhdadhsofobahaerriiaitnsheoisoBebcm X
6.5cmand is down into the individual capacities, and also because it is

a measurement carried out in the absence of any applied
load; the core is often under load in natural use.

s In calculating the Average Theoretical Basis Capacity,
the Basis Capacity of the superabsorbent material is
calculated assuming the "Teabag Retention" capacity. The
“Teabag! capacity. is  measured by the Teabag Retention
Capacity Test described below.

10 In calculating the Average Theoretical Basis Capacity,
the absorptive capacity of each of the fibrous materials is
measured by the X,Y~-Demand Absorbency Test described below.
In this test airfelt typically absorbs about 4g synthetic
urine per gram of dry fibres, and chemically cross-~linked

15 cellulose as described in U.S. 4,898,642, for example,
typically absorbs about 6g synthetic urine per gram of dry
fibres at a pressux:e of 20g cm’> (0.3psi).

The absorbent core of the invention can be mnade
relatively small and thin and compact, and yet can have

20 high absorbency.

The stack height or caliper of the core or other
absorbent body of the invention as measured at 20(‘)g<.:m'2
(3psi) (unless otherwise stated) in a Stack Height Test,
described below, is generally not more than 9 mm, and is

25 preferably not more than about 7.5mm and it can be Smm or
even less. '

The absorbent core preferably has an Acquisition Rate
of at least 1.5ml s' at 50% of the theoretical basis
capacity. Preferably the value is at least 2ml/sec. It

30 can be up to Sml/sec or more. Since the absorbent core of
the invention may comprises different amounts of
supez:absorbent materials in Qiffereht areas, and nay
include different superabsorbents, having different
absorption kinetics, the fluid acquisition profile of the

35 core may vary from point to point both in the XY plane and
in the Z-direction, and will vary during acquisition. It
is therefore thought more realistic to measure the




avai l abl e from a conpany call ed Teekanne in Dussel dorf, Germany. The
pouch is heat sealable with a standard kitchen plastic bag sealing device
(e.g. VACUPACK2 PLUS 5 from Krups, Germany). The teabag is opened by
carefully cutting it partially, and is then wei ghed. A 0.200g +/- 0.005g
sanpl e of the superabsorbent material is placed in the teabag. The teabag
Is then closed with a heat sealer. This is_ 10 cal l ed the sanpl e teabag.
An enpty teabag is seal ed and used as a bl &Ak. Each teabag is then held

hori zontal |l y, and : S e Iy | | bute the
super absor bent rra?{:a‘?\%a{l%gn %6?%%8310203%1% t%gs;ilsﬁ%%g%%ie ‘#"é’gﬁéﬁy and 15

the bl ank teabag &Fe“RefefPprR;dr GRerykised 9nldldy 1a5e €oPiHidene) ur Fhés and
submer ged for aboalléwsenoaderagd ng-ases patrel perfamahbevassmsphette toebé i Ng

(the teabags will ofhRddsed ihhens Wd@s8iiod MRtV RELAIdmektl NE DUt are
conpl etely 5 The Acquisition Rate is measured by the Acquisition
Rate Test described below. It sinulates the introduction
of urine into an absorbent structure and measures the rate
at which the structure acquires a load of synthetic urine.
In addition to having good fluid acquisition
10 properties, the absorbent core of the invention has good
fluid uptake properties. The core preferably has a Fluid
Uptake Rate of at least 0.05 grams urine per second §er
gram dry material (g g’ s™'), and preferably more than 0.06
gg's'. It canbeup =0 0.1 gg''s” or more. Fluid uptake
15 is a measure of the efficiency of the absorbent core
structure to absorb fluid and then readily distribute it.
It is the wvalue Xgo/tgo mneasured by the X,Y¥-Demand
Absorbency Test described below.
A further consequence of the fluid handling and
20 absorption properties of the absorbent core or other body
of the invention is apparent from its good rewet
pro. :rties. The absorbent body the invention can have a
Rewet value of no greater than 0.6 g synthetic urine,
preferably no greater than 0.3 g, and most preferably no
25 greater than 0.2 g. A low rewet value indicates a high, or
efficient, urine retention by the absorbent core, or the
ak.srbent article in which it is incorporated. A high
rewet indicates poor urine retention, which may lead to
accumulation of urine on the surface of the core or article
30 thereby causing rewetting of the user’s garments and/or the
user itself. Rewet is measured by the Rewet Test described
below.
Manufacture of the Absorbent Body
The absorbent core or other body of the invention can
35 be made by air laying, or by wet laying, the appropriate
materials (fibres and superabsorbent} in sequence in
conventional manner, or by assembling preformed layers, for
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wetted). The tiner is started imredi ately. 20 After 20 m nutes
soaking tinme the sanple teabag and the bl ank teabag are renpoved fromthe
synthetic urine, and placed in a Bauknecht W5130, Bosch 772 NZK096 or

equi val ent centrifuge (230 nmdianeter), so that each bag sticks to the
outer wall of the centrifuge basket. [ This can be 25 arranged, for
exanpl e, by folding an end of the teabag in the direction of the centrifuge
spin to absorb the initial force?] The cengRifuge lid is closed, the

centrifuge is started, and the speed fncrease ui ckl 0 1,400rpm On
the centrifuge haS*BRf Sf 19 F‘é&'ﬁ’ °ff°ﬁ66|"}5‘§19? hls ia%e‘ﬁeﬁ?lgﬁd a%ﬂ’%rtgg.

After 3 mnutes, bhebyxenyrsditgblescambipptiion thereofipl Eor exisaglandbthe bl ank
teabag are renoved, aof, 3 he€ErSAPE| B Elais dékraReOidtincde SPRASIhYikNC) for
the sanple of supglabsorbenl, I §gehs OLBLIGAPASH Thyhdnf BSHLAT §%a 2 35
5 GB-A-2,175,024 and EP-A-330,675 describe the incorporation
of superabsorbent material into the absorbent structures.
Combined processes in which some components are air laid
and. some are introduced as preformed layers can be used.
Additional layers can be incorporated in the absorbent
10 body and, as mentioned above, tissue layers can be
incorporated. For instance tissue layer may encapsulate
the first superabsorbent material and/or the second
superabsorbent material. A tissue layer may be included in
or around, for instance, an upper layer in the Ilower
15 assembly formed of second fibres.
Absorbent Articles
According to a further aspect of the invention an
absorbent article comprises
a liquid pervious topsheet,
20 a liguid impervious backsheet, and
an absorbent core as described above interposed
between the topsheet and the backsheet with the first
structure positioned towards the topsheet and the backsheet
is positioned towards the second structure.
25 The article may be, for instance, a sanitary napkin
but is preferably an incontinence article, a training pant
or a disposable diaper. It may be constructed in a
conventional manner.
For instance the backsheet may be secured to the
30 absorbent core by attachment means. These means may be a
uniform continuous layer of adhesive, a patterned layer of
adhesive, or an array of separate lines, spirals, or spots
of adhesive. Adhesives which have been found to be
satisfactory are manufactured by H. B. Fuller Company of
35 St. Paul, Minnesota and marketed as HL-1258. The adhesive
preferably comprises an open pattern network of filaments
of adhesive as is disclosed in U.S. Patent 4,573,986
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AC = [(sanpl e teabag weight after centrifuging) - (blank teabag wei ght

after centrifuging) [err] 40 (dry superabsorbent hydrogel -form ng
[err] (dry superabsorbent material weight). Stack Hei ght
Test The stack height is designed to test the packaging 5 pot enti al
stack of 10 absorbent articles, e.g. diapers, to sinmulate in-pack

mat eri al wei ght)]

conditions. Ten absorbent articl es,

i nvention assenbled into a chassis includiag a topsheet (as described
above) and a backsheet (as described-10

product del i ver abtntitdetdhe" Mispreabler Hasyoreantiainnghtie agrent’t. cwhicle

(doubl ed over)

10

15

20

25

30

35

issued to Minetola et al on March 4, 1986, more preferably
several lines of adhesive filaments swirled into a spiral
pattern such as is illustrated by the apparatus and methods
shown in U.S. Patent 3,911,173 issued to Spraque, Jr. on
October 7, 1975; U.S. Patent 4,785,996 issued to Ziecker,
et al on November 22, 1978; and U.S. Patent 4,842,666

issued-to Werenicz on-June 2%, 1989 Each of these-patents

are incorporated herein by reference. Alternatively, the
attachment means may comprise heat bonds, pressure bonds,
ultrasonic bonds, dynamic mechanical bonds, or any other
suitable attachment means or combinations of these
attachment means as are known in the art.

The backsheet should be substantially impervious to
liquids (e.g., urine) and is preferably manufactured from
a thin plastic film, although other flexible liguid
impervious materials may also be used. The backsheet
prevents exudates absorbed and contained in the core from
wetting articles which contact the absorbent article such
as bedsheets and undergarments. The backsheet may thus
comprise a woven or nonwoven material, polymeric films such
as thermoplastic films of polyethylene or polypropylene, or
composite materials such as a film-coated nonwoven
material. Preferably, the backsheet is a thermoplastic film
having a thickness of from about 0.012 mm (0.5 mil) to
about 0.051 mm (2.0 mil). Particﬁlarly preferred materials
for the backsheet include RR8220 blown films and RR5475
cast films as manufactured by Tredegar Industries, Inc. of
Terre Hauﬁe, IN. The backsheet is preferably embossed
and/or matte finished to provide a more clothlike
appearance. Further, the backsheet may permit vapours to
escape from the absorbent core (i.e.; breathable) while
still preventing exudates from passing through the
backsheet.

The topsheet is positioned adjacent the body surface
of the absorbent core and is preferably joined thereto and
to the backsheet by attachment means such as those well

REPLACEMENT SHEET

0 3 APR 1997

|
|

above) to sinulate a finished

of a

or absorbent cores according to this



to conformto package width and | ength di nensions. The stack of 10 articles
I's preconpressed in a hydraulic press (Thw ng-Al bert Instrunent Conpany,
Model TA 240-10, Al pha 15 Hydraul ic Press/ Sanple Cutter, Philadel phia,

U S A) under a load of 800kg for 3 seconds. The preconpressed
structures are then placed in an Instron Series 6000 tension-conpression
testing device, available fromlnstron Ltd. (Bucks, UK ), and a
conpression curve is recorded. 20 The compression curve plots the stack
hei ght, or caliper of the sanple stack, as a function of the exerted
conpressi on forceXn9¥R £Br &8¢ £rfeadidy L8R PEEM 0 The eFHithe" 1d@egl essur e
required to achi eepcomppsams cahf ppiratihes "@Wiemdbyhengélémens thedimicghy or

caliper (under a Zacurdd Ves RMRSYHHRY UlehehtNWye Hiiahe Al ié&%ﬁgrm ned
by averagi ng the hei ght asyred in the stack h |ght f est bg t he nupber of
articles in the s éﬁg?tﬁégiﬂ IhPi ipampaeRaty, and dontiguraciing Vhereby
5 the element is indirectly secured to the other element by
affixing the element to intermediate member(s) which in
turn are affixed to the other element. In a preferred
embodiment. of the p&:_,esent invention, the article is a
diaper wherein topsheet and the backsheet are Jjoined

10 directly to each other in the diaper periphery and
elsewhere are indirectly joined by directly joining them to
the absorbent core.

The topsheet is compliant, soft feeling, and
non-irritating to the wearer’s skin. Further, the topsheet

15 is liquid pervious permitting liquids (e.g., urine) to
readily penetrate through its thickness. A suitable
topsheet may be of natural and synthetic fibres.
Preferably, the topsheet is made of a material that is
hydrophobic to isolate the wearer’s skin from liquids

20 contained in the absorbent core. There are a number of
manufacturing techniques which may be used to manufacture
the topsheet. For example, the topsheet may be a nonwoven
web of fibres spunbonded, carded, wet-laid, meltblown,
hydroentangled, combinations of the above, or the like. A

25 preferred topsheet is carded and thermally bonded by means
well known to those skilled in the fabrics art. A preferred
topsheet comprises a web of staple length polypropylene
fibres such as Sawabond (trade name) manufactured by
Sandler GmbH & Co. KG, Schwarzenbach, Germany.

30 An absorbent article comprising the absorbent core of
the invention generally has a caliper that is substantially
the same as the caliper of the absorbent core, and is
usually not more than, for example, about 10% above the
caliper of the core. The absorbent article can be made to

3s a greater caliper, by for example incorporating additional
absorbent fibrous, for example tissue, or other material on
one or both sides of the core, but unless the material is

REPLACEMENT SHEET

0 3 APR 1997




Referring to Figure 4, an absorbent structure (10)is
m gush of synthetic urine at a rate of 10 m s[err]

30 | oaded with a 50
using a punp (Mdel

7520- 00, supplied by Cole Parner Instrunments Co., Chicago, U S A), froma
hei ght of 5cm above the sanple surface. The tinme to absorb the urine is
recorded by a tinmer. The gush is repeated every 5 mnutes 35 at precisely
5 mnute gush intervals until the theoretical capacity is reached. 41
The test sanple, which conprises a core anglsincludes a topsheet (as

descri bed above) and a backsheet (as .described above), is arranged to lie

flat on a foam plagiegteiiqangiviily hiseraypsdetpast(Him thadepismmarreodt whi ch

5

I S shown).

10

15

20

25

30

s

thepapspesept ajiceel3 having a 5 cm di anet er

It is a particular advantage of the invention that the
diaper or other article can be thin and compact and yet can
have good absorption properties. The thin compact nature
is beneficial for manufacturing and packaging reasons and
is convenient to the user.

Referring ta the dimensions on Figures la to 1c, in.a .

typical diaper for a baby in the weight range 9 - 18kg
width ¢ is about 7.6cm (3"}, width d is about 10.2cm (4"),
length e is about 25.5cm (10"), and length f is about 40cnm
(15.7%").,

Although the various layers of the absorbent body may
be co-extensive, it is often convenient for the upper
assembly to cover only those parts of the storage as.sembly
that can be expected to receive the highest initial load of
urine, menstrual fluid or other body discharge. Thus the
upper assembly may be in the front half or two thirds of
the diaper.

Additional Embodiments of the Invention

Although the use of superabsorbent bodies and articles
wherein the first superabsorbent material has the GLP
values defined above is very valuable, other valuable
absorbent bodies are those which comprise in sequence from
the top,

an upper assembly comprising an acquisition layer, the
upper assembly also comprising a first superabsorbent
material having a substantially non-decreasing Dynamic
Swelling Rate (generally as a separate layer beneath the
acquisition layer), and

a lower assembly comprising a second capillary
material and a second superabsorbent material having a
Dynamic Swelling Rate of at least 0.2g9/g/s and an
Absorption Against Pressure of at least 15g/g, and
preferably at least 20g/g, at 50g/cm2, wherein the Dynamié
Swelling Rate of the second superabsorbent material is at

03 aPR 169
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openi ng substantially inits mddle is placed on top of the sanple.
Synthetic urine is introduced to the sanple through a cylinder 14 fitted
and glued into the opening. Electrodes 15 are |ocated on the | owest surface
of the 10 plate, 1in contact with the surface of the absorbent structure
10. The el ectrodes are connected to the tiner. Loads 16 are placed on top
of the plate to sinulate, for exanple a baby's weight. A pressure of 50g

cnferr] (0.7psi) is typically utilised in t3fs test. 15 As urine is
i ntroduced into the_c Iinger.it typically . builds %P on top of the absorbent
structure thereby *€8f51 &t Pny* BT TsctPRBiCcFYRtH D diakge Rt Kbe efesandodes.

This starts the tiswerabsqkenti peteXinlst opped when the absorbent structure
Ol ectrodes 1's. br oken. - Too arats o n b nad coREIe b ek PR
absor bed (n1)EPerH%&ff ﬁﬁﬁgﬁ?gkf.g%hg égégfggtigﬁa?afﬁ Pgh%r porous or
capillary material but 1is preferably a first fibrous
material, all as described above. Preferably it has a wet
compressibility as described above.

The second capillary material may be foam or other
porous or capillary material but is preferably a second
10 fibrous material. Preferably the first structure comprises

in sequence the upper acquisition layer having the defined

wet compressibility and drip capacity formed of first
material and a layer comprising the first superabsorbent
material, and the lower assembly preferably comprises in
15 sequence an upper layer of second fibrous, foam or other
capillary material and a lower layer comprising the second
superabsorbent material. The general construction and
properties of the layers, except for the particular
superabsorbent materials, may all be as described above.
20 Even when the first superabsorbent material has a GLP
that is relatively low, this construction can give
beneficial results because of the difference of rates of
absorption of the first and second superabsorbence, coupled
with the substantially non-decreasing Dynamic Swelling Rate
25 for the first superabsorbent.
:gest' Meathods
All tests are carried out at about 23 #2°C and at
50+10% relative humidity.
The specific synthetic urine used in the test methods
30 is commonly known as Jayco SynUrine and is available from

Jayco Pharmaceuticals Company of Camp Hill, Pennsylvania.

The formula for the synthetic urine is:'2.0 g/: of KC1; 2.0

g/l of Na,80,; 0.85 g/l of (NH,))H,PO,; 0.15 g/l (NH,)H,PO,;

0.19 g/l of CaCl,; ad 0.23 g/l of MgCl,. All of the
35 chemicals are of reagent grade. The pH of the synthetic

Urine is in the range of 6.0 to 6.4.
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cal cul ated for each gush introduced into the sanple. As nentioned above, it
I's considered beneficial in 25 respect of the absorbent core of the

i nvention to determ ne the acquisition rate on |oading to 50% of the
theoretical capacity. To determine this point one can either plot the
acquisition rate as a function of the total volune of synthetic urine
added, and then determ ne the acquisition 30 rate on absorption to 50% of
the theoretical capacity. Alternatively, o0& can determne it directly by
taki ng t he ach|S|t|on rate for the nearest gush if this lies within 15 m
of the mddl e val ¥&% Serre FPA AR bRl Wek  Campressibility, awdybdgépand

absor bency test mﬁﬂﬂﬂd&&ﬂﬁ&ﬂsgs of a version of a standard demand
\C/ivg; tC ?ibi) leld ty test. FOe E8ASIEPEEs XAPHBbL-LP UB MY AOSURNRAE I R3LS are
such as is described below or an equivalent machine, which
5 provides a consistent and homogeneous laydown of fluff.

Four 30g portions of dry fluff (or equivalent
material, for example chemically cross-linked cellulose)
are weighed out._ & .'ply*_ af _tissue posrous encugh for air to
pass through it while retaining fluff on it, is cut to

10 36.8cm x 36.8cm (14.5" x 14.5"), and is placed evenly on
the forming screen (22) of an air laid felt padmaker
machine shown in Figures 2 and 3 21. The tissue (not
shown) completely covers the forming screen and is made to
curve up at its sides to prevent escape of the fluff. The

15 tissue forms the bottom of the pad.

The wvacuum 22, chamber motor 24 and compressed air
supply on the padmaker machine are turned on. One 30g
portion of fluff is added to the sample chamber 25 on the
padmaker machine in small amounts via the sample feed 26

20 and without obstructing the blades 27 of the machine.
Compressed air is circulated vigorously in the chamber to
expedite separation and passage of the fibres through the
plexiglass cylinder 28 and the prismoid column 29 to the
forming screen 22.

25 The vacuum 23 is turned off and the forming screen 22
.is pulled out of the padmaker machine 21 and rotated
through a quarter turn in the clockwise.direction. The
screen is returned to the padmaker machine. Another 30g
portion of fluff is added to the chamber 25 on the machine

30 and the above procedure is repeated. Fluff is added in the
same manner until all four portions have been transferred
to the forming screen. The forming 'screen, and the pad
formed thereoh, is then removed from the padmaker machine,
and the pad is carefully transferred from the screen to a

35 piece of cardboard, or similar smooth flat surface. A
second ply of tissue is added to the top of the pad, and a
second piece of cardboard placed on top of that.
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42 in Chatterjee, P.K (Ed.) Absorbency, Chapter II, pp. 60- 62, Elsevier
Sci ence Publisher B.V., Ansterdam The Netherlands (1985). The apparat us
used to conduct this test is shown in 5 Figures 5 and 6. The apparatus
100 consists of a square sanple basket 102 suspended on a franme 104. The

I nsi de di nensions of the basket are 10.2 cmx 7.6 cm (4" x 3"). The hei ght
of the basket 102 is adjustable via a gear nechani sm 106. Afluid
reservoir 108 is placed on an 10 el ectroniké bal ance 110 connected to a
conputer 112. The x-y plane test is shown schematjcally in Figure 7. In the
x-y plane test, the scriediFefia¥pishh RAHNGs SaPeRsians) 054 2Epd 256 5CR ¥ (1" x
3") area 118 al ong3snécredge.520 Of4' xel148npl ' )bdekéng botwedght ofTheound

remai nder of the sagpigy 15361Ra5ketsbopisrag deswi grapedod 22cnd S paadesof
Plexiglas and is approximately 120 seconds, or longer until the pad is
L needed. The weight is then removed and the pad is pressed
by application of a force of around 4,500kg (10,0001bs) on
a large Carver press to improve pad integrity. The pad is
remaved from the press and trimmed on a paper cutter to
have dimensions around 30.5cm x 30.5cm (12% x 12%), and is
10 then further cut according to the size required by the
particular test in which it is to be used.

The use of a padmaker machine to form the sample pads
is not intended to be limiting. Any suitable method can be
used provided a consistent and homogeneous laydown of fluff

15 is achieved, which is then compressed under the above
conditions to give a pad having substantially the same
density and basis weight as achieved above.

Wet Compressibility Test

This test is designed to measure the volume of a pad

20 of fibrous material under varying load conditions when wet.
The objective is to measure the fibrous material’s
resistance to load by measuring the volume maintained under
that load.

A fluff test pad is prepared as described above. Any

25 tissue present on the surfaces of the pad is removed. The
pad is then densified under a 3.6kg cm? (5ipsi) load for
pad integrity reasons using a Carver laboratory press. The
thickness of the pad is measured and its fibre density
calculated by pad weight + (pad thickness x pad area).

30 The dry weight of the pad is multiplied by 10, and
this represents the target wet weight on loading. The ary
pad is transferred onto a top loading balance having a
0.01g sensitivity. - Synthetic urine is dispensed slowly
onto the pad until the target wet weight is achieved as

35 measured by the balance. The wet pad is carefully
transferred onto the surface of a compressibility tester of
the Buckeye design, and a weight having substantially the
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fluid inpervious. The sides of the sanple basket that are in contact with
the sanple are also nade of Plexiglas and are fluid inpervious. As shown
in Figure 7, this test requires the sanple 116, conprising a core and

i ncluding a 20 t opsheet (as descri bed above) and a backsheet (as

descri bed above), to first demand the fluid in the z-direction, and then
transport it a maxinmumof 7.62 cm (3") in the horizontal (x-y) plane.
The results fromthe x-y plane test providesa nmeasurement of the sample's
ability to 25 distribute fluid under potential in-use conditions. The x-
y plane test is cidme edrdat ad t FhehePabsdrabert siG-ZEPur¥ skhsics) 116nd
confined under a cHigespoRdify IpSk)prdsatirappt i79g av'éndlyllbei; hie upp&resurface
of the sampl e 116:0l¢ GREL BROORAT © di ol 0L! Qe fd 3o (Bodfad G X SO

7.6 cm (4" x 3") sanp an absorbent core o i nventi On I's prepared.
The fluid reservd¥lorosit st eRBGLIFRAT A HRET6 FF moa% ARk Heare &he ne and

set on an 5 thickness of the compressed pad is recorded using calipers.
The Wet Compressibility is the void volume per gram of

dry fluff and is calculated as follows:
3

Void Vo _ _= Total Valume - Fibre Volume

= (pad thickness under load (cm) x pad area (cmz)) - (pad
10 dry weight (g)/fibre density (g cmﬁ

Wet Compressibility = Void volume pe am = {{pad

thickness underload (cm) x pad area (cmf)) -~ {pad dry wt.

(g)/fibre density (g er’)] + pad dry wt. (g)
where fibre density is calculated from the initial pad
15 weight and thickness measurements (i.e. under no load
conditions).
Drip Capacity Test
A sample pad prepared as described above is cut on a
paper cutter to have dimensions 7.5cm x 7.5cm. The pad is
20 weighed and is placed on a large mesh wire screen which is
in turn positioned on a drip tray. The whole apparatus is
then mounted on a top-loading balance.
Synthetic urine is introduced via a pump (Model 7520-
00, as supplied by Cole~Parmer Instruments Company,
25 Chicago, USA) into the centre of the sample pad at a rate
of 5 + 0.25ml s . The time for the pad to release the
first drop of synthetic urine through the bottom of the pad
and into the drip tray is recorded. The pump is immediately
stopped as soon as this occurs. The time recorded and the
30 pumping rate are then used to calculate the volume (ml) of
synthetic urine absorbed by the sample on reaching
saturation, i.e. when the sample starts to drip. The
balance can be used to check this periodically, thereby
minimising any variation in the pump delivering the
35 synthetic urine. This is known as the Drip Capacity, and
is given as the ratio:

Urine retained by sample pad on saturation {(ml)
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el ectroni c bal ance 110 under the test apparatus 100. Then the sanpl e basket
102 is lowered until the fluid level is 35 just at the |evel near the

tope of the wire

screen 114. A piece of comercial available 2-ply

BOUNTY[ err] paper towel 124 is placed on the wire screen 114 in the bottom
of the 43 basket 102. The BOUNTY[err] towel 124 ensures that consistent
fluid contact with the underside of the core sanple 116 is naintained

t hroughout the duration of the test. The applied weight 126 is attached to

a square nmetal 5
I nner di mensi ons

plate 128 with dinensions slightly smaller than the
of the sanple b&SKefelght ofhsamplee (gdp side of the core

sanple 116 is att pghsglid weleibginraty aksthe a ve- nentioned plate 128 via
doubl e sided tape 130, @r3s3Pfako the nearest 0.001g, of dry superabsorbent

10

i5

20

25

30

35

40

material is placed in a standard test tube having an outer
diameter of 16 mm, a height of 125 mm and a wall thickness
of 0.8 mm, which is supported to be vertical, for example
by placing in a test tube stand. (Only previously unused
test tubes should. be_used. in this . test, and should .be.
discarded after use).

10ml Jayco synthetic urine is added to the test tube
using an automatic pipette at a rate of about 5 ml 5°'. As
the synthetic urine is added the superabsorbent material
begins to swell, forming a front that moves upwards in the
test tube. The height of the front is recorded as a
function of time, either manually or using an image
analyser after video recording. The height of the front is
then translated intc momentary X-load, X(t)~load, of
synthetic urine per gram dry superabsorbent material,

wherein X(t) = n_f_t;)_r_{x__z_g_, where h{t) is the length of

the swollen superabsorbent material up the test tube at
time t, and H is the total height of synthetic urine in the
tube that would correspond to a total X-load of 28 (10g
synthetic urine absorbed by 0.358g superabsorbent gives a
X~-load of 28); the X-locad being the weight in grams of
synthetic urine that 1 gram of dry of superabsorbent
material can absorb.

The X(t)-load is then plotted against time. It is
assumed that the equilibrium absorbent capacity of the
superabsorbent material under test is greater ‘than 28g g".

The ratio of the X(t) ~load to the time t at which it
is measured is called the “"Swelling Rate Function®" (SR},
and is the average swelling rate in achieving X(t), i.e.
SR(t) = X(t).

The :':Dynamic Swelling Rate" (DSR) is the value of the

swelling rate function when X(t) is 28gg™, i.e.
1

DSR = 28gq_,
. 2 .
where t,, is the time to reach X(t) = 28 g g '
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adhesive. At time = zero, the sanple 116 is placed into 10 t he sanpl e
basket 102. The test is run over a duration of 2000 seconds. At 2000
seconds the final X-Y load, X err], is determ ned by bal ance nmeasurenent
(corrected for any evaporation |oss over this period) [err] dry weight of
sanple. From X[ err] the X-Y 15 | oad at 90% of this value, Xerr], is
cal cul ated, and the corresponding tine, t[q_rr] determ ned. The fluid
uptake rate is defined as the ratio X[err]/t[err] Absorptive Capacity of

Fi br ouzI Mat erldal by the XoY-fenmando bgagurgegg Z&eh fro,ht The tﬁq‘ i's
carried out iden i b ove exc pt_t the sanple
consi sts of fi br%g?é}g%é’oéﬂl%tt qﬁ%%% et ?ﬁ? f9adce t@aﬁ’&m ty is

X[ err] as opposed Bt)([’%hf]Pe i-eT%%Q ?@ graph SfhiXd t) espaisstparimecul arl y

i nportant with redaldbéoa substantially horizontal line.

This means that

5 the function SR(t) is substantially constant.
Alternatively, with some materials permeability
increases during swelling, in which case SR(t) increases
with increasing time, also showing the absence of gel
blocking. If gel blocking occurs, however, permeability
10 decreases during swelling SR(t) decreases with increasing

tine.

In the context of this application a superabsorbent
material is said to have a substantially non-decreasing
dynanic swelling rate if the swelling rate function does

1s not decrease substantially between the two times t,, (the
time when the superabsorbent material is swollen to 50%,
i.e. where X(t) = 14g gd) and t,,, as defined above. That
means the relative deviat.on [SR{ty) - SR (t,)] + SR (ta)
of the swelling rates at t, and t,, is less than 50%,

20

25

30

35

preferably less than 25%, more preferably less than 10% or
most preferably less than or egual to 0%.
Absorption ainst Pressure Test

This test measures the absorptive capacity of a
superabsorbent material absorbing against an external
pressure of 20g em? {(0.3psi}, in terms of the uniaxial
swelling of the superabsorbent material against that
pressure.

A ceramic filter plate having a diameter of 120mm and
0 porosity (ceramic filter Duran from Schott) is placed in
a petridish having a diameter of 150mm and a height of
30mm. 0.9% by weight sodium chloride solution in distilled
water is added to the Petri dish so that the filter plate
is covered. A round filter paper having a diameter of
125mm (Schwarzband 589 from Schleicher and Schull) is

placed on the filter plate and is thoroughly wetted with

the sodium chloride solution.
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determ ning the in-use performance of an absorbent core, or an absorbent
article in which such a core is incorporated. The test is based upon the
measurenent of the wetting of a stack of filter papers placed on top of an
absorbent core 30 that is |loaded with synthetic urine and then placed under
a |l oad. An absorbent core including a topsheet (as described above) and a
backsheet (as described above) is laid out flat on a snooth surface with

t he topsheet uppernost. A 35 vol unme of syAthetic urine equal to 75% of

the Theoretical Basis acit cal cul at ed as described. above, is added at
arate of 7 ml s[err] ‘}Cge?ﬁtg%?%?f)g’rﬂdaecrogawa?g A0 PRATGEPBIRE of sgum
central ly | ocat ed+irt®- Feyand @0 hepghty ef WSOt his cdosednyt its bottom

with a screen filter cloth having apertures of a diameter

of 36um (400 mesh). 0.92000g +/- 0.0005g of superabsorbent

5 material is carefully scattered onte the filter screen of

a clean and dry Plexiglass cylinder, as described. It is

necessary to obtain a homogeneous distribution of
superabsorbent material on the mesh.

A cover plate having an outer diameter of 59mm +/-

i0 0.1mm, an inner diameter of 5imm and the height of 25mm,

having an attached weight having a diameter of 50mm and a

height of 34mm, has a total weight of 565g, which

correspond to a pressure of 209’&::1:1'z {0.3psi). The cover

plate and weights are placed in the cylinder and the

15 complete cylinder apparatus is weighed on a balance to the -
nearest 0.0l1g. The complete cylinder apparatus is then
placed on the wetted filter paper in the Petri dish, and is
allowed to absorb for 1 hour. The cylinder apparatus is
then removed from the filter plate and is re-weighed.

20 The cylinder apparatus and filter plate should be
cleaned thoroughly between measurements, and the sodium
chloride solution and filter paper should be renewed after
each measurement.

The absorption against pressure (AAP is calculated as

25 follows:

"AAP = [(weight of cylinder apparatus after
absorption) - (weight of cylinder apparatus when
dry)] <+ (initial weight of superabsorbent
material).

30 When the value is to be measured at 509/cmf
the weight is correspondingly increased.
Performance Under Pressure (PUP) Test |

The PUP test determines the following Performance
Under Pressure parameters for an AGM that is laterally
3s confined in a piston/cylinder apparatus under a high

(0.7psi)

confining pressure:
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approximately 11 cmfromthe front core edge. A weight having di nensions
10.2 cmx 10.2 cmcorresponding to a load of 50 g cm (0O.7psi) is placed 5
centrally over the | oading point and the core is allowed to equilibrate for
15 m nutes under this |oad. The weight is then renoved and 5 | ayers of
pre-wei ghed filter paper (Eaton D keman 939, N 7) having di nensions of
10.2 cmx 10.2 cmare placed rough side do centrally over the 10

| oadi ng point, and the weight is reapplied%?o 30 seconds. The weight is

then renoved and the filtafaaapar &b@b@pwb@mnspdﬂaeﬁb&f 3&ﬁﬂﬁﬁé ndilter
paper weight is the first re By é?us Fi ve new pre-wei ghe l'ter papers
are then placed on 15 t he' 6r ent core in a simlar manner, and the
wei ght is placed on t8p ofC%H?é’mtVof1’30‘@&60%%5%&%@“%@%&%) i s

removed and the secon@hbasisfecifivki bt ethepaeats i8r €o WRisglsedthe Tipadt fder ence
infilter papgr Vﬂ-@@k ﬂ.nseéﬂﬁ'e on demand absorption and fluid transport by
an AGM layer, where an AGM is used at high concentrations
in a diaper.
The test fluid for the PUP test is Jayco synthetic
urine. This fluid is absorbed by the AGM under demand
10 absorption conditions at near-zero hydrostatic pressure.
A piston/cylinder apparatus is used to laterally
confine the AGM and impose a specified static confining
pressure. The bottom of the cylinder is faced with a No.
400 mesh screen to retain dry/swollen AGM and permit
15 absorption and z~-direction transport of urine. A computer-
interfaced sorption apparatus is used to measure urine
absorption versus time.
A piston/cylinder apparatus is wused for this
nmeasurement. The cylinder is bored from a transparent
20 Lexan rod (or equivalent) and has a inner diameter of
6.00cm (area = 28.27cm’), with a wall thickness of
approximately 5mm and a height of appromiately 5cm. The
bottom of the cylinder is faced with a No. 400 mesh
stainless~-steel screen cloth that is biaxially stretched to
25 tautness prior to attachment. The piston consists of a
Teflon Ycup" and a stainless steel weight. The Teflon cup
is machined to fit into the cylinder within tight
tolerances. The cylindrical stainless steel weight is
machined to fit snugly within the cup and fitted with a
30 handle on the top. The combined weight of the Teflon cup
and stainless steel weight is 1390gm, which corresponds to
0.70psi for an area of 28.27cnm’. .
The components of this apparatus are sized such that
the flow rate of synthetic urine through the apparatus
35 under a 10cm hydrostatic head is at least o.Olgm/cmz/sec',
where the flow rate is normalised by the area of the
fritted disc in the apparatus. Factors particularly




second rewet value. 20 The procedure is repeated one nore tine to
determne the third rewet value. The total rewet is the sumof the three
i ndi vidual rewet values, i.e.: Total rewet = first rewet + second rewet +
third 25 rewet. Cel Layer Perneability Test The G.P value is
alternatively known as the Saline Flow Conductivity value. Suitable
apparatus for this test is showmn in Figure 8_ 30 wherein 31 is a

| aboratory jack, 32 is a constant hydrost%ﬁlc head reservoir, 33 is a

vent with remvabl oufaecil b &dudhepedfioksi eyl WReCORE bé‘rn?eﬁ%‘ﬂiéffs% t ube

36 leading to a cylind contajns the

i ncl udes a porous P& sthr’r%Z%% ‘g?ssré%doﬁ' §5inngx d aé‘leéfa'éﬁ ?T a"{'fésﬁa?‘k’ilqﬁfaw ng

many smal |l hol es wiard siepcocks.

The apparatus’ reservoir is positioned on an
5 analytical balance that is accurate to 0.0lgm with a drift
of less than 0.lgm/hr. A more accurate/stable balance is
preferred. The balance is preferably interfaced to a
computer with software than can (i) monitor balance weight
change at pre-set time intervals from the initiation of the
10 PUP test and (ii} be set to auto initiate on a weight
change of 0.01-0.05gm, depending on balance sensitivity.
The dip tube entering the reservoir should not contact
either the bottom of the reservoir or its cover. The
volume of fluid in the reservoir should be sufficient such
15 that at least 40ml can be extracted during the experiment
without drawing in air. The fluid level in the reservoir,
at the initiation of the experiment, should be ~2mm below
the top surface of the fritted disc. This can be confirmed
by placing a small drop of fluid on the disc and
20 gravimetrically monitoring its slow flow back into the
reservoir. This level should not change significantly when
the piston/cylinder apparatus is positioned on the frit.
The reservoir should have a sufficiently large diameter
(e.g. ~l4cm) so that withdrawal of ~40ml results in only a

28 small change in the fluid height (e.g. <3mm).

Jayco synthetic urine is prepared by dissolving a
mixture of 2.0gm KCl, 2.0gm Na,SO,,0.85gm NHH,PO,, 0.1i5gm
(NH,) ,HPO,, 0.19gm CacCl,, and 0.23gm MgCl, to 1.0 litres with
distilled water. The salt mixture can by purchased from

30 Endovations, Reading, Pa (cat no. JA~00131-000~01).

Prior to measurement, the apparatus is filled with
synthetic urine. The fritted disc i forward flushed with
urine so that it is filled with fresh solution. To the
extent possible, air bubbles are removed from the bottom

35 surface of the frit and all tubing that connects the frit
to the reservoir. The following procedures are carried out
by sequential operation of the 3-way valves:

i Em
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bottom 40 formed of coarse glass frit. The piston is weighted by a
wei ght 41. The sanple of particul ate 45 super absorbent material is

shown at 42, supported on a 400 nesh screen 43.

reservoir 44 on a | aboratory bal ance 45. In particul ar apparatus that
used in the procedure 5 descri bed below, the cylinder is bored froma
transparent Lexan rod or equival ent and has_an inner dianeter of 6.00cm
(ara = 28.27cnjerr]), a wall thi ckness of aﬁ)roxi rrately 0. 50m and a hei ght

of approximately 6.0cm, Th ,p._qgstso ff géngLQe g} l@&&, h a No.

nesh stainl ess steel 10 screen

ﬁﬁgﬂtPS

I's Di aX|

tautness prior to att achmentzitt &t-on consists of a frltted gl ass

10

15

20

25

30

35

2. The solut:.on height/weight of the reservoir is
adjusted to the proper level/value.

3 The frit is positioned at the correct height
relative to the reservoir.

4. The funnel is covered.
The reservoir and frit are eguilibrated with
connecting valves open.

6. All valves are closed.

7. The 3-way valve connecting the fritted funnel to
the drain is positioned so that the funnel is
open to the drain tube.

8. The system is allowed to equilibrate in this
position for 5 minutes.

9. The 3-way valve is returned to its closed
position.

Steps Nos. 7-9 temporarily "dries" the surface of the
frit by exposing it to a small hydrostatic suction.
Typically ~0.2gm of fluid is drained from the system during
this procedure. This procedure prevents premature
absorption when the piston/eylinder is positicned on the
frit. The quantity of fluid that drains from the frit in
this procedure (called the frit correction weight) is
measured by conducting the PUP experiment (see below) for

‘a time period of 15 minutes without the piston/cylinder

apparatus. Essentially all of the fluid drained from the
frit via this procedure is very quickly reabsorbed by the
frit when the experiment is initiated. Thus, it is
necessary to substract this frit-correction weight from
weights of fluid removed from the reservoir during the PUP
test (see below). |

0.9gm of AGM (corresponding to a basis weight of
o.oazgm/cmz) is added to the cylinder and spread evenly n
the screen via gently shaking and/or tapping cylinder. For
most AGMs, moisture content is typically less than 5%. For
these AGMs, the added AGM weight can be determined on a

There is a collection

S

400
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di sc, perforated Teflon piston head, hollow Lexan piston rod, and annul ar
stainless steel weight(s) or their equivalent. The perforated piston head

is machined froma 15 solid Teflon rod. It has a height of 0.625 inches
and a diameter that is slightly less than that of the cylinder, so that if
fits within the cylinder with m ninumwall clearances, but still slides

freely. The bottom of the piston head contains an approximtely 56nm
di aneter by 4mm 20 dept h cavity, desinged 1% accept the fritted gl ass

hreads/ i noh) for Che meapan. (e Hip et nae 1 S HRET a0 et o RSN el o
circunference of tHEYFEIEFHEEY Khan \fl\agﬁf‘tcﬁ'c&ﬁlee?%‘?ﬁq éF?‘W%%ﬂPg 16 ngs
of holes, with 24 2 cdmyegtepefor impisturghdihel cthd mddedhAGH ngharnia seaced
by approxi mately 1% dRgf 8f% aﬂﬁ-ﬁéi&fﬂt bAYiANPT Gt Bk Ctakeh Bo ARAVERS AlchOM
the holes in adjacenloriags, .fbke fheMhshaet YaITs" Wedrddton 2D LN
slid into the cylinder and positioned on top of the AGM.
The insert can be turned gently to help distribute the AGM.
The piston/cylinder is placed on top of the frit, the
appropriate stainless steel weight is slipped into the
10 Teflon insert, and the funnel is covered. After the
balance reading is checked for stability, the experiment is
initiated by opening the valves between frit and reservoir.
With auto initiation, data collection commences
immediately, as the fritted disc begins to reabsorb fluid.
15 Data is recorded for a time period of at least 60 minutes.
Readings should be more frequent at early times(e.g. 0-
10min), when fluid is being absorbed rapidly. Recording
data for times longer than 60 minutes, although not
required often reveals interesting phenomena as the AGM
20 approaches equilibrium.

Moisture content of the AGM is determined separately
using the standard P&G method (Y weight loss after 3 hr @
105C). All values for gm/gm capacities are reported on an
AGM dry-weight basis. :

25 PUP Capacity is reported in units of gm/gm. PUP
- Capacity at any time is determined as follows:
PUP Capacity (t)=[W.(t=0)~W.(t)-W, 1/ {¥Wro.qarybasis}
where t is the elapsed time from initiation, W.(t=0) is the
weight in grams of the reservoir prior to initiation, W.(t)
30 is the weight in grams of the reservoir at elapsed time t,
W,, is the frit correction weight in grams (measured
separately), and Wyg.yy pasis 1S the dry weight in grams of
the AGM. PUP Capacity is reported for times of 5, 10 30
and 60 minutes after initiation.

35 The PUP Absorption/Transport Rate is reported in units
of qm/cmﬁ/sec°j. The PUP Rate at any time is determined as
follows:
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outer row. The hol es pass vertically through the piston 30 head, all ow ng
fluid to directly access the fritted disc. The fritted glass disc is chosen
for high perneability (e.g. Chenglass Cat No. CG 201-40, 60nm di aneter;
X-Coarse Porosity) and is ground so that it f its snugly in the piston
head, wth the bottomof the disc flush with the 35 bottom of the
cyllnder head. The hollow piston rod is nmachined froma Lexan rod. I t
has a outer dianeter of 0.875 inches and arf’i nner dianmeter of 0.250 inches.

The 46 bottom appr oxi mat el Slgﬁéﬂga%%d&%aéggcﬁ%hﬁg &o tch the opening

in the piston head. The tOEJr |,ps lpg@meter, formng
a collar to support the st&i @%&xgﬁéép'“étéﬁFtkéi“#FG?d ﬁastlng t hr ough

t he rod where t is elapsed time in units of seconds, W.(t) is the
weight in grams of the reservoir at elapsed time t,
5 W (t+8t) is the weight in grams of the reservoir at elapsed
time t+§t, and A, is the area of the cy .nder in units of
cw’. If determined graphically the PUP Uptake Rate is the
tangent to the uptake curve where the y-axis is fluid
uptake in units of gm/cmﬁ and the x-axis is the square root
10 of time, where time is in units of seconds. Whether
determined numerically or graphically, the rate at any
uptake/time is preferably determined after “smoothing" the
output data.
The PUP Absorption/Transport rate typically starts off
15 at or near its maximum value, remains relatively constant .
for a sustained perioc of uptake/time, and then decreases
as the maximum capacity is approached. Only the"Maximun
PUP Absorption/Transport Rate" is reported. This maximum
rate typically occurs early in the absorption process.
20 However, for some AGMs there may be either a lag time due
to slow wetting of dry particles or a very-fast initial
rate due to very-rapid wetting of dry particles. In order
to minimise the impact of both these effects and insure
that the reported maximum PUP rate reflects transport
25 through a sufficiently thick layer of swollen AGM, only
‘values of Absorption/Transport Rate occurring after the
uptake of ~O.14gm/cmz (~4 gm of fluid) are considered in
the determination of the maximum rate.
Sieve Test
30 The particle size distribution of superabsorbent
material is determined by placing a known weight of a
sample in a Retsch mechanical sieving device, and shaking
for a specified period of time under defined conditions.
Sample sections is retained on each sieve and the bkottom
35 pan are weighed and reported as percentages of the original
sample weight.
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5 can directly access the fritted disc. The annul ar stainless
steel weight(s) have an inner dianeter of 0.625 inches, so that they slip
onto the piston rod and rest on the collar. The conbi ne wei ght of the
fritted glass disc, piston head, piston rod and stainless steel weights 10
equal s 596gnms, which corresponds to 0.30psi for an area of 28.27cnferr].
The cylinder cover is machined from Lexan or_equivalent and is di mensioned
to cover the cylinder. It has an 0.877 inch ¥bening in the centre for

vertically aligning the pist o] ar_the e 15
for introducing fluid i ntlao8 % 0 %% %%ﬁéga&sﬁg? {5 ?menc ge‘?
measuring per neabi | }4 yeeabeﬁd@tena tsf?é‘PflIBOWH ¥héchfisg ﬁbe%aﬂmﬁedsml atlish
through the gel |ayer. Feurfsbavasates istatietréhdotabe o Bop 206 ELowsd

permeabl |1ty g:lseggéefaﬁ%?gsgwghq&t@wa gial g swaeorksg B, pbl %dl and
a hori zont al p0§| t I’Eﬁ‘l wiof h !éﬁ?e being numbers of glrxesu%posrzelvré ser:.eesc Asl'l‘r;ol-er 'n

E~11-61). The sample is transferred to the upper most of
the series of sieves, and the powder is distributed evenly
arcund the screen. A stainless steel cover is placed on
the No. 20 sieve.

10 The nested sieves are placed in position on a Retsch
testing sieve shaker Vibotronic Type VEl1l with timer. It is
ensured that the Retsch lid fits as tightly as possible
against the top of the shaker. The timer is set for 10
minutes, and started to begin the test. When the shaker

15 has stopped, the nest of sieves is removed from the shaker.

Each of the sieve fractions retained by the sieve is
then weighed, for example by different measurements, to the
nearest 0.1.

It is important to work guickly in this test to avoid

20 moisture pickup by the superabsorbent material.

The median mass particle size is determined by
plotting the cumulative particle size distribution curve
(i.e. mass-% of wmaterial not passing through the mesh
openings vs. diameter of the sieve mesh opening) and by

25 interpolating the sieve opening which corresponds to 50% of

~ the cumulative distributien.
aaba tention Capacit est

The 'superabsorbent material is placed within a
nteabag", immersed in a synthetic urine solution for 20

30 minutes, and then centrifuged for 3 minutes. The ratio of
the retained liquid weight to the initial weight of the dry
superabsorbent material is the absorptive capacity of the
superabsorbent material.

21 of 0.9% by weight sodium chloride in distilled

35 water is poured into a tray having dimensions 24cm x 30 cm
¥ Scm. The liquid filling height should be about 3cm.
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air gap between it and (ii) a container, positioned on an anal yti cal

bal ance, to collect fluid passing through the piston, gel |ayer, cylinder
scree, and support screen, and 25 (iii) a siphon systemto maintain the
NaCl solution in the cylinder at a constant |evel or their equival ent can
For flow rates | ess than about 02.gnfsec, it is preferable that
there is a continuous fluid path between sugply and coll ection reservoirs.

be used.

This can be acconplished 30 with the sor

I on appar atus used for t he PUP

test nethod or equivalgpl ¢oYBSS Sdles ﬁxl_;lalg,fgnmg Qo§|gémoqeg o, the fritted
gl ass disc of the sorég|<3n apparatus and n r nalntalnln "Phe®
ﬂ@ﬁ%/

hydrostatic presstf®

blen5rRi AuCary2ny 262 PRe 18 DyssAident. 35

Jayco synthetic uGexranys pr8par @dubh disssali ngpad apilrt wishofa Ztagaaid ,
2.0gm Na[ err] SO ek {tchdh A %EE:F] HEQHM’@@H&e Q. %59'%CUPACKI2 PLUS
o 1.

(NH err])[err

litres with

10

15
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LHPC%err]Krupslggermany)[err] and 0.23gm Mgd [err]

The teabag 1is opened by carefully cutting it
partially, and is then weighed. A 0.200g +/- 0.005g sample
of the superabsorbent material is placed in the teabag.
The teabag is then closed with a heat sealer. This is
called the sample teabaq.

An empty teabag is sealed and used as a blank.

Each teabag is then held horizontally, and the sample
teabag is shaken so as to distribute the superabsorbent
material evenly throughout the bag. The sample teabag and
the blank teabag are then laid on the surface of the
synthetic urine, and submerged for about 5 seconds using a
spatular to allow complete wetting (the teabags will float
on the surface of the synthetic urine but are completely
wetted). The timer is started immediately.

After 20 minutes socaking time the sample teabag and
the blank teabag are removed from the synthetic urine, and
placed in a Bauknecht WS130, Bosch 772 NZK096 or equivalent
centrifuge (230 mm diameter), so that each bag sticks to
the outer wall of the centrifuge basket. [{This can be
arranged, for example, by folding an end of the teabag in
the direction of the centrifuge spin to absorb the initial
-force?] The centrifuge 1id is closed, the centrifuge is
started, and the speed increased quickly to 1,400rpm. Once
the centrifuge has been stabilised at 1,400rpm the timer is
started. After 3 minutes, the centrifuge is stopped.

The sample teabag and the blank teabag are removed and
weighed separately. .

~ The absorptive capacity (AC) for the sample of

superabsorbent hydrogel-forming material is calculated as

follows: '
= [(sample teabag weight after centrifuging)

- {blank teabag weight after centrifuging) +
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47 distilled water. The salt m xture can be purchased from Endovati ons,
Readi ng, Pa (cat No. JA-00131-000-01). The 0.118 M Nad solution is
prepared by dissolving 6.896gns NaC (Baker Anal ysed Reagent or equival ent)
to 1.0 5 litres with distilled water. An anal ytical bal ance accurate to
0.01lgm (e.g. Metler PWMAOO or equivalent) is typically used to neasure the
quantity of fluid flow ng through the gel |ayer when the flow rate i s about
0.02gnsec or greater. A nore accurate 10 4balance (e.g. Mettler AE200 or
equi val ent) nmay be needed for |ess perneabl e_gel ers having | ower flow
rates. The bal ance is pf%’fyérQBP?QWEP‘F%%eBY?W%FJCJH%H%%? f3keRti t ori ng
fluid quantity versus tweibghtfhe+t{dirgkswgssabborbentyehteéniay wesgmaasured to

an stack Height Test
The stack height is designed to test the packaging
5 potential of a stack of 10 absorbent articles, e.q.
diapers, to simulate in-pack conditions.
Ten absorbent articles, or absorbent cores according
ta this invention assembled into a chassis including a
topsheet (as described above) and a backsheet (as described
10 above) to simulate a finished product deliverable to the
market, are typically folded at the centre (doubled over)
to conform to package width and length dimensions. The
stack of 10 articles is precompressed in a hydraulic press
(Thwing-Albert Instrument Company, Model TA 240-10, Alpha
15 Hydraulic Press/Sample Cutter, Philadelphia, U.S.A.) under
a load of 800kg for 3 seconds. The precompressed
structures are then placed in an Instron Series 6000
tension-compression testing device, available from Instron
Ltd. (Bucks, U.K.), and a compression curve is recorded.
20 The compression curve plots the stack height, or caliper of
the sample stack, as a function of the exerted compression
force. The force is readily converted to determine the
pressure required to achieve a given caliper.
The "stack height" is the height or caliper (under a
25 given pressure) of a single article and is determined by
avéraging the height measured in the stack height test by
the number of articles in the stack.
(] tio te Test
Referring to Figure 4, an absorbent structure (10)is
30 loaded with a 50 ml gush of synthetic urine at a rate of 10
mi s using a pump (Model 7520-00, supplied by Cole Parmer
Instruments Co., Chicago, U.S.A.), from a height of S5Scm
above the sample surface. The time to absorb the urine is
recorded by a timer. The gush is repeated every 5 minutes
35 at precisely 5 minute gush intervals until the theoretical
capacity is reached.




15 accuracy of about 0.1nm Any nethod having the requisite thickness

can be used as long, as the weights are not renoved and the gel |ayer

not additionally

gap between the bottom of the stainless steel

S

_ conpressed or disturbed during the neasurenent. Using a
cal i per gauge (e.g. Manostat 15-100-500 or equivalent) to neasure the 20

cylinder cover, relative to this gap with no AGMin the cylinder is
acceptable. Al so acceptable is the use of &ldepth gauge (e.g. Ono Sokki

EG 225 or equivalent) o geasuy e t n flxed
25 surface, relati \;ﬁé‘ % §%% £aﬁné:1|3 Dﬁi?‘ﬂ co%’ﬂggf OQQ gﬁ? 8? X

experiment is per#oripPghget adﬁﬁerﬁe%ﬁﬁéﬁatwe)ﬂ%‘df o?l Whﬁ"#@ a(aS
description of thges@tited dLbdregm ald qaptamiedAGS (Lher #3pONGNNG t Bodm basi S

weight 30 of O
evenly on thesscr
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en via gent
is shown)g perspex late thaap\gng a 5 cm diameter

ope.~ing substantially in its middle is placed on top of the
sample. Synthetic urine is introduced to the sample
through a cylinder 14 fitted and glued into the opening.
Electrodes 15 are located on the lowest surface of the
plate, in contact with the surface of the absorbent
structure 10. The electrodes are copnected to the timer.
Loads 16 are placed on top of the plate to simulate, for
example a baby’s weight. A pressure of 50g cmq {0.7psi)
is typically utilised in this test.

As urine is introduced into the cylinder it typically
builds up on top of the absorbent structure thereby
completing an electrical circuit between the electrodes.
This starts the timer. The timer is stopped when the
absorbent structure has absorbed the gush of urine, and the
electrical contact between the electrodes is broken.

The acquisition rate is defined as the gush volume
absorbed {(ml) per unit time (s). The acquisition rate is
calculated for each gush introduced into the sample.

As mentioned above, it is considered beneficial in
respect of the absorbent core of the invention to determine
the acquisition rate on lcoading to 50% of the theoretical
capacity. To determine this point one can either plot the
acquisition rate as a function of the total volume of
synthetic urine added, and then determine the acquisition
rate on absorption to 50% of the theoretical capacity.
Alternatively, one can determine it directly by taking the
acquisition rate for the nearest gush ‘if this lies within
15 ml of the middle value.

X .Y-Demand Absorbency Test

The X,Y~demand absorbency test method consists of a
version of a standard demand wettability test. For
reference, standard demand absorbency tests are described
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the cylinder. Considering the potential sensitivity of the flow
pernmeability to particle size, particle size, and size/shape distributions,
care should be taken that the 35 aliquot is reasonably representative of
the material to be anal ysed. For nost AGVs, npisture content is typically
| ess than 5% For these, the quantity of AGMto be added 48 can be
determ ned on a wet-weight (as is) basis. g%? AGMs havi ng a noi sture
content greater than about 5% the added AGV wei ght shoul d be corrected for

moi sture (i.e. thejpddpdt G@/gghqu,lxghl@gdg %g_w_gic_@rkﬂﬁtﬂmxﬁa $ips) goLar e

is 5 taken to pre ent_ A

(m nus any wei ght) 5 |Ei11§e &4 incilenf%rﬁlan%“‘él ngine CXL 'ngh“mglﬁé%molh%’b o
the dry AGM | f niekherdmpdst (E985).
The apparatus used to conduct this test is shown in
5 Figures 5 and 6. The apparatus 100 consists of a square
sample basket 102 suspended on a frame 104. The inside
dimensions of the basket are 10.2 cm x 7.6 cm (4% x 3%},
The height of the basket 102 is adjustable via a gear
mechanism 106. A fluid reservoir 108 is placed on an
10 electronic balance 110 connected to a computer 112.
The x-~y plane test is shown schematically in Figure 7.
In the x~-y plane test, the screen 114 is only present in a
2.54 cm x 7.62 cm (1" x 3%") area 118 along one edge 120 of
the sample basket bottom. The remainder of the sample
15 basket bottom, designated 122, is made of Plexiglas and is
fluid impervious. The sides of the sample basket that are
in contact with the sample are also made of Plexiglas and
are fluid impervious. As shown in Figure 7, this test
requires the sample 116, comprising a core and including a
20 topsheet (as described above) and a backsheet (as described
above), to first demand the fluid in the z-direction, and
then transport it a maximum of 7.62 om (3%") in the
horizontal (x~y) plane. The results from the x-y plane
test provide a measurement of the sample’s ability to
25 distribute fluid under potential in-use conditions. The x-
Yy plane test is carried out with the absorbent structure
-sample 116 confined under a 20g em’® {(0.3psi) load applied
evenly to the upper surface of the sample 116.
The test procedure is as follows. First, a 10.2 cm x
30 7.6 cm (4" x 3") sample of an absorbent core of the
invention is prepared. The fluid reservoir 108 is filled
with about 6800 ml of synthetic urine and set on .an
electronic balance 110 under the test apparatus 100. Then
the sample basket 102 is lowered until the fluid level is
as just at the level near the tope of the wire screen 114. A
piece of commercial available 2-ply BOUNTY® paper towel 124
is placed on the wire screen 114 in the bottom of the
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pi ston can be turned gently to nore-uniformy distribute the AGM on the
cylinder screen. The cylinder is covered 10 with the cylinder cover and
the stainless steel weight(s) are positioned on the piston rod. Afritted
disc (coarse or extra coarse), having a dianeter greater than that of the
cylinder, is positioned in a wide/shallow flat-bottonmed container that is
filled to 15 the top of the fritted disk xﬁth Jayco synthetic urine. The
pi ston/cylinder apparatus is positioned on p of the fritted gl ass disk.

Fluid fromthe ress*eré;@tr 1935508 0t BoQHED thgef rids %Pls\gi-§£ t-.?laé %&sggaée&?ed by

E:CFI ﬁ(?(;/lr . ASA]E Pgr 8 %rﬁgi?f X q‘%%’%\%é%ed?;éf & ﬁf"c‘&?%?am’l‘? Hd6 ks
| ayer is deterninemhlnﬁﬁmaeﬁsth%ﬂughouharhefﬂ;qy@hobedfdﬁnstﬁat | ose fluid or
take in air during thishpr appdiee velhRt Pisd G Grbhaked taPRAEQIAS hatihen
transferred to plate 128 with dimensions slightly smaller than the inner
dimensions of the sample basket 102. Then the top side of
the core sample 116 is attached to the bottom of the ¢ ve~
mentioned plate 128 via double sided tape 130, or :.ray
adhesive. At time = zero, the sample 116 is placed into
10 the sample basket 102.
The test is run over a duration of 2000 seconds. At
2000 seconds the final X-Y load, X,,, is determined by
balance measurement {(corrected for any evaporation loss
over this period) + dry weight of sample. From X_, the X-Y
15 load at 90% of this value, Xy, is calculated,.and the
corresponding time, tg,, determined. The fluid uptake rate
is defined as the ratio X, /t,.
Absorptive Capacity of Fibrous Material by the X, Y-Demand
Absorbency Test
20 The test is carried out identical to that described
above except that the sample consists of fibrous material
only. In this instance the fibre capacity is X, , as
opposed to X,.
Rewet Teast
25 This test is particularly important with regard to
~determining the in-use performance of an absorbent core, or
an absorbent article in which such a core is incorporated.
The test is based upon the measurement of the wetting of a
stack of filter papers placed on top of an absorbent core
30 that is loaded with synthetic urine and then placed under
a load.
An absorbent core including a tapsheet {(as described
above) and a backsheet (as described above) is laid out
flat on a smooth surface with the topsheet uppermost. A
35 volume of synthetic urine egual to 75% of the Theoretical
Basis Capacity, calculated as described above, is added at
a rate of 7 ml s ' to the absorbent core at a loading point
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25 the perneability assenbly. |[If a screen is used to support the
cylinder, the screen and any gap between it and the piston/cylinder
apparatus is presaturated with saline solution. If the PUP sol ution
apparatus is used, the surface of the fritted funnel should be mnimlly
el evated 30 relative to the reservoir, with valves between the fritted
funnel and reservoir in the open position. 4¢The fritted funnel elevation
shoul d be sufficient such that fluid passing through the gel |ayer does not
accunul ate in thecéntnedily lgsated withTyrgars keaphe Widtheefs themare asd
[ nitiated by addiggbfﬁﬁﬂma&ehyti:uhﬁIy&eﬁgfhatr%oahsgswbréuéeLn order to expel
air fromthe perforat eAd L%E‘J;RQ qla%n%nddiﬁgxﬂsi gni hg Jp cgnhex 104}% cm
corresponding to a load of 50 g cm’? (0.7psi) is placed
5 centrally over the loading point and the core is allowed to
egquilibrate for 15 minutes under this load. The weight is
then removed and 5 layers of pre-weighed filter paper
(Eaton Dikeman 939, Nr 7) having dimensions of 10.2 cm x
10.2 cm are placed rough side down centrally over the
10 loading point, and the weight is reapplied for 30 seconds.
The weight is then removed and the filter papers are
weighed. The difference in filter paper weight is the
first rewet value.
Five new pre-weighed filter papers are then placed on
15 the absorbent core in a similar manner, and the weight is
placed on top of them for 30 seconds as before. The weight
is removed and the second batch of filter papers are
weighed. The difference in filter paper weight is the
second rewet value.
20 The procedure is repeated one more time to determine
the third rewet value.
The total rewet is the sum of the three individual
rewet values, i.e.:
Total rewet = first rewet + second rewet + third
25 revet.
Ge aAye ermeab ty Test
The GLP value is alternatively known as the Saline
Flow Conductivity value.
Sujitable apparatus for this test is shown in Figure 8
30 wherein 31 is a laboratory dJjack, 32 is a constant
hydrostatic head reservoir, 33 is a vent with removable
cap, 84 is a tube, 35 is a stop cock in a delivery tube 36
leading to a cylinder 37. This cylinder contains the test
fiuid 38 and includes a porous piston 39 of Teflon
35 (registered trade mark) having many small holes with the
bottom 40 formed of coarse glass frit. The piston is
weighted by a weight 41. The sample of particulate
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si phon system (or its equivalent) to fill the cylinder to a height of 5.0cm
above the bottom of the gel |ayer. Although the experinent is considered to
have been initiated (t[err]) at the time NaC solution is first added, 5
the time at which a stable hydrostatic pressure, corresponding to
5.0cm of saline solution and a stable flowrate is attained (t[err]) is
noted.  The quantity of fluid passing thrgygh the gel layer versus tine is
determned gravinetrically for a time period of 10 minutes. After the 10
el apsed tinme, theupestbsdéxpdntndeteciglaiat sisowrs atesdy etipandtechent nisioness of

the gel layer is jgRasdteden G%nerafhké&é fi% ahaBgfedtl ohhi 648853 r0f 4 tdhe a0€!
| ayer is less than about 1 I n gfger flow rate need not be constant.
The time- 15  dSFERYBRETY f a(}\f’\‘l“c?a through the s stem Flerr](t) is

determned, in units &h paxtdenlabyaptiarpiinadthate ienes At Ehe mepgeduref | ui d
passi ng through tdacsisbembdicw,JEAEBdylinder is bored from a transparent

Lexan rod or equivalent and has an inner diameter of 6.00cm
(ara = 28.27cm2) , @ wall thickness of approximately 0.5cm,
and a height of approximately 6.0cm. The bottom of the
cylinder is faced with a No. 400 mesh stainless steel
10 screen cloth that is biaxially stretched to tautness prior
to attachment. The piston'consists of a fritted glass
disc, perforated Teflon piston head, hollow Lexan piston
rod, and annular stainless steel weight(s) or their
equivalent. The perforated piston head is machined from a
i5 solid Teflon rod. It has a height of 0.625 inches and a
diameter that is slightly less than that of the cylinder,
so that if fits within the cylinder with minimum wall
clearances, but still slides freely. The bottom of the
piston head contains an approximately S56mm diameter by 4mm
20 depth cavity, desinged to accept the fritted glass disc.
The centre of the piston head has a threaded 0.625 inch
opening (18 threads/inch) for the piston rod. Between the
piston rod opening and the circumference of the piston head
are four circumferentially arranged rings of holes, with 24
25 hcies per ring. The holes in each ring are .spaced by
approximately 15 degrees and offset by approximately 7.5
'degrees from the holes in adjacent rings. Hole diameters
range from 0.111 inch in the inner row to 0.204 inch in the
outer row. The holes pass vertically through the piston
30 head, allowing fluid to directly access the fritted disc.
The fritted glass disc is chosen for high permeability
(e.g. Chemglass Cat No. CG-201-40, 60mm diameter; X-Coarse
Porosity) and is ground so that it fits snugly in the
piston head, with the bottom of the disc flush with the
35 bottom of the cylinder head. The hollow piston rod is
machined from a Lexan rod. It has a outer diameter of
0.875 inches and an inner diameter of 0.250 inches. The
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incremental time (in seconds). Only data collected for times between
t[err] and 10 mnutes is use for flowrate 20 calculations. Flowrate
results between t[err] and 10 mnutes is used to calculate a val ue for

Flerr](t=0), the initial flowrate through the gel |ayer. Flerr](t=0) is
cal cul ated by extrapolating the results of a least-squares fit of F[err](t)
versus tinme to t[err]=0. 25 In a separate neasurenent, the flow rate

t hrough the perneability assenbly and pistoMfcylinder apparatus (F[err]) is

mach o1 cater than PRESC CHHRSASERPB G HECEYS: it HRERIERCTpdeten £

present, Flerr], thpenirg3bn ther péetemnhdast. t hEhe | bap redlischnde o 62he
permeability assenihynesd ipl sdadatyl, ndRrmapgarat u6llax Necesappyre | Bnd hi s

limt, Flerr] = Flegrl,; Werg Bhetiiqltyshne FANL LANLIAD «akhhe G-l LLaver
B CT  ar oot adpuil e ingke:

isc. The annular
stainless steel weight(s} have an inner diameter of 0.625

inches, so that they slip onto the piston rod and rest on
the collar. The- combined - weight- of..the. fritted. glass.
disc, piston head, piston rod and stainless steel weights
10 equals 596gms, which corresponds to 0.30psi for an area of
28.27cm’.  The cylinder cover is machined from Lexan or
equivalent and is dimensioned to cover the cylinder. It

has an 0.877 inch opening in the centre for vertically
aligning the piston rod and a second opening near the edge
15 for introducing fluid into the cylinder.

The assembly that is used for measuring permeability
depends on the flow rate of the saline solution through the
gel layer. For flow rates greater than about 0.02gm/sec,
a permeability assembly consisting of (i) a ring-supported

20 rigid stainless steel screen (16 mesh or less), for
supporting the cylinder in a horizontal position,with an
air gap between it and (ii) a container, positioned on an
analytical balance, to collect fluid passing through the
piston, gel layer, cylinder scree, and support screen, and

25 (1ii) a siphon system to maintain the NaCl solution in the
.cylinder at a constant level or their equivalent can be
used. For flow rates less than about 02.gm/sec, it is
preferable that there is a continuous fluid path between
supply and collection reservoirs. This can be accomplished

30 with the sorption apparatus used for the PUP test method or
equivalent, where the cylinder is positioned on the fritted
glass disc of the sorption apparatis and a means for
maintaining the hydrostatic pressure at approximately 4920
dyne/ cn’ is provided. '

35 Jayco synthetic urine is prepared by dissolving a
mixture of 2.0gm KCl, 2.0gm Na,50,, 0.85gm NHH,PO,, 0.15gm
(NH,),HPO,, 0.19gm CaCl,, and 0.23gm MgCl, to 1.0 litres with
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35 Is used to calculate the value of Flerr] fromthe values of Flerr] and

Flerr]: Flerr]

= (Flerr]xF[err])/ (F[err]-F[err]) 50 The Sal i ne Fl ow

Conductivity K (or the GP value) of the gel layer is calculated using from
F[err] using the followi ng equation: K = {F[err](t=0)xt[err]}/{pxAX[err]P},
5 where F[err](t=0) is the flowrate in gmsec determ ned fromregression
analysis of the flowrate results and any crrection due to

assenbl y/ appar atus_fl ow resi st ance, t[errl is the thickness of the gel

layer in cm p is difEi4eedivaregr  ABengel

area of the gel
across the gel
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SHRHESN R RARAFCEAFSd frAm s t he

1Endoivaybonsg ,n Reafiéng | P4 deri PNo s sBkeoshyvoi-aity ¢ pressure

The 0.118 M NaCl solution is prepared by dissolving
6.896gms NaCl (Baker Analysed Reagent or equivalent) to 1.0
litres with distilled water. '

An analytical balance accurate to 0.0lgm (e.g. Metler
PM400 or eguivalent) is typically used to measure the
guantity of fluid flowing through the gel layer when the
flow rate is about 0.02gm/sec or greater. A more accurate
balance (e.g. Mettler AE200 or equivalent) may be needed
for less permeable gel layers having lower flow rates.
The balance is preferably interfaced to a computer for
monitoring fluid gquantity versus time.

The thickness of the gel layer is measured to an
accuracy of about 0.1lmm. Any method having the requisite
thickness can be used as long, as the weights are not
removed and the gel layer is not additiocnally compressed or
disturbed during the measurement. Using a caliper gauge
(e.g. Manostat 15-100-500 or equivalent) to measure the
gap between the bottom of the stainless steel weight and
the top of the cylinder cover, relative to this gap with no
AGM in the cylinder is acceptable. Also acceptable is the
use of a depth gauge (e.g. Ono Sokki EG-225 or eguivalent)
to measure the height of the piston above any fixed
surface, relative to the height with no AGM in the

cylinder.

The experiment is performed at ambient temperature.
The following is a description of the methed.

0.9 gm aliguot of AGM (corresponding to a basis weight
of 0.032 gm/cmz) is added to the cylinder and dispersed
evenly on the screen via gently shaking and/or tapping of
the cylinder. Considering the potential sensitivity of the
flow permeability to particle size, particle size, and
size/shape distributions, care should be taken that the
aliquot is reasonably representative of the material to be
analysed. For most AGMs, moisture content is typically
less than 5%. For these, the quantity of AGM to be added
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| ayer in dyne/cnferr], and the saline flow conductivity, K

cnjerr]
For gel

perneability

i's

in units of

sec/gm The average of three determ nations should be reported. 15
| ayers where the flowrate is substantially constant,

conductivity using the follow ng equation: k = K [err], 20

[err] is the

a

coefficient (k) can be calculated fromthe saline flow

wher e

viscosity of the NaCl solutiomgg n poise and the perneability

coefficient, k, is in units of cnferr]. The following is a sanple

cal cul ati on:

single

The meas beedetmimicedf ofr[evel-vasiddB0gas nig) dbadif@gnFeecacMsor a

det er m naty Qi ngo mﬁ%‘tﬁre(&ﬂd@ht gﬁé&@tha@’gﬁoﬁl@%@t %%V@d&é% for

Flerr](t=0) is 5.
0.09gnfmn[err].
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added AGM should be 0.9gm on a dry—weight basis). Care is
taken to prevent AGM from adhering to the cylinder walls.
The piston (minus any weight) is inserted into the cylinder
and positioned on top of the dry AGM. If necessary, the
piston can be turned gently to more-uniformly distribute
the AGM on the cylinder screen. The cylinder is covered
with the cylinder cover and the stainless steel weight(s)
are positioned on the piston rod.

A fritted disc (coarse or extra coarse), having a
diameter greater than that of the cylinder, is positioned
in a wide/shallow flat-bottomed container that is filled to
the top of the fritted disk with Jayco synthetic urine.
The piston/cylinder apparatus is positioned on top of the
fritted glass disk. Fluid from the reservoir passes
through the fritted disc and is absorbed by the AGM. As
the AGM absorbs fluid, a gel layer is formed in the
cylinder. After a time period of 60 minutes, the thickness
of the gel layer is determined. Care is taken that the gel
bed does not 1lose fluid or take in air during this
proceduré.

The piston/cylinder apparatus is then transferred to
the permeability assembly. If a screen is used to support
the cylinder, the screen and any gap between it and the
.piston/cylinder apparatus is presaturated with saline
solution. If the PUP solution apparatus is used, the
surface of the fritted funnel should be minimally elevated
relative to the reservoir, with valves between the fritted
funnel and reserveir in the open position. (The fritted
funnel elevation should be sufficient such that £luid
passing through the gel layer does not accumulate in the
funnel).

The permeability measurement is initiated by adding
NaCl solution through the piston rod in order to expel air
from the perforated Teflon disk and then opening up the
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Flerr] = (4.2 x 0.093) [err] (4.2 - 0.093) = 0.095 Gven a 0.118 M saline
density of 1.003gmcnferr] (CRC Handbook 30 of Chemstry and Physics,
61st Edition) a gel-layer thickness of 1.24cm a gel |layer area of
28.27cnjerr], and a hydrostatic pressure of 4920dyne/cnferr]. K = (0.095 x
1.24)/(1.003 x 28.27 x 4920) - 8.4 x 10 cnferr]sec/gm 35 Consi deri ng
the substantially constant flow rate and gi4 en a 0.118 Msaline viscosity
of 0.01015 poi se (CRC Handbook of Chemi stry and Physics, 61st Edition):

51 x = K [err] = &fprorx sh@kenr [or 4@ 0401 rer®) 6t 40(fhk eflfiddy Exanpl es
Exanples 1 to 4 age,gxgnpl g8 @ o%A" 2849 2RAQ" Rekom of the gel 1ayer.
Although the experiment is considered to have been
initiated (t;) at the time NaCl solution is first added,
5 the time at which a stable hydrostatic pressure,
corresponding to 5.0cm of saline solution and a stable flow
rate is attained (t,) is noted. The quantity of fluid
passing through the gel layer versus time is determined
gravimetrically for a time periocd of 10 minutes. After the

10 elapsed time, the piston/cylinder apparatus is removed and
the thickness of the gel layer is measured. Generally the
change in thickness of the gel layer is less than about
10%.

In general, flow rate need not be constant. The time~

15 dependent flow rate through the system, F,(t) is
determined, in units of gm/sec, by dividing the incremental
weight of fluid passing through the system (in grams) by
incremental time (in seconds). Only data collected for
times between t, and 10 minutes is use for flow rate

20 calculations. Flow rate results between t, and 10 minutes
is used to calculate a value for F,(t=0), the initial flow
rate through the gel layer. F,(t=0) is calculated by
extrapolating the results of a least-squares fit of F, (t)
versus time to t=0.

25 In a separate measurement, the flow rate through the
permeability assembly and piston/cylinder apparatus (F,) is
measured as described above, except no gel layer is
present. If F, is much greater than the flow rate through
the system when the gel layer is present, F,, then no

30 correction for the flow resistance of the permeability
assembly and piston/cylinder apparatus is necessary. In
this linit, Fg = F,, where F, is the contribution of the gel
layer to the flow rate of the system. However if this
requirement is not satisfied, then the following correction

35 is used to calculate the value of F, from the values of F,
and F,.:

F, = (FXF,)/(F,-F,)
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article including absorbent bodies (cores) conprising in 5 sequence
upper assenbly

super absor bent

that includes an upper acquisition |ayer and a
| ayer and a | ower assenbly that includes an upper |ayer

an

havi ng voi d space for storage of |iquid discharges and a | ower |ayer which
cont ai ns second superabsorbent material. Exanples 1 to 3 10 are
constructed broadly as illustrated di agrammg'cal ly in Figures la to 1c,
wherein each of the superabsorbents is present as a thin preformlayer.

Exanple 4 the | ower aSS@H@'%l&Q@Fl&@%&ﬂu&tivl@d{ flolr ene drmt LhXudheeei n

at | east 70% by wei

t he | ower

dusting | ayer,

hal f of t ht %s o?g &qculggggr%gigéb%tomn% erlsle’% |s§"§I

wWherei n % h

Wi t f?"él?BngmaEéﬁﬁent rati on of superabsorbent, on the

In

n

|l ower face of the matrix. Fromthr &LfF (e-ape,fuohackspglow it will be seen
Exanpy es w%e@@dx»* (&) ?Léskhé‘rf’l&%‘aéﬁeeinot;mw& | AMRBRIRME from

that 20

10

15
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38

regression analysis of the flow rate results and any
correction due to assembly/apparatus flow resistance, t,; is
the thickness of the gel layer in cm, p is the density of
the NaCl solution in gm/cms. A is the area of the gel
layer in cmz, AP is the hydrostatic pressure across the gel
layer in dyne/cmz, and the saline flow conductivity, X, is
in units of en’ sec/gn.

The average of three determinations should be
reported.

For gel layers where the flow rate is substantially
constant, a permeability coefficient (k) can be calculated
from the saline flow conductivity using the followmg
equation:

k =K1,

where 7 is the viscosity of the NaCl solution in poise
and the permeability coefficient, k, is in units of cn®.

The following is a sample calculation:

The measured value of F, is 250gm/min = 4.2gm/sec.
For a single determination on. SX-P (bulk), the
extrapolated value for F,(t=0) is 5.6gm/min = 0.093gm/sec,

with a near-zero slope of o.osgm/minz. Correcting for

apparatus resistance:
F‘ = (4.2 X 0.093) + (4.2 - 0.093) = 0.095

Given a 0.118 M saline density of 1. 003gm/cm {CRC Handbook
of Chenmistry and Physics, 6ist Edition) a gel-layer
thickness of 1l.24cm, a gel layer area of 28.27cm2, and a
hydrostatic pressure of 4920dyne/cma. '

= (0.095 X 1.24)/(1.003 x 28.27 x 4920) - 8.4 x 10
cmssec/gm

Considering the substantially constant flow rate and
given a 0.118 M saline viscosity of 0.01015 poise (CRC
Handbook of Chemistry and Physics, 6lst Edition):

7
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descri bed above wherein the first superabsorbent has a GLP val ue of at

| east 4, and fromthe Dynamc Swelling Rate values it wll be seen that
Exanples 1 to 3 at | east are exanples of absorbent bodies wherein the
second 25 superabsorbent material has a higher swelling rate and the
first superabsorbent material has a substantially constant Dynami c Swel ling
Rate. Table 1 quotes various quantitative salues for the article. In this
the article weight includes the weight gof 30 t he topsheet, th

contai nment tissue, the=aBsorbeff-ca a0 'any @ HLAYSpEr §ious 19acrSheet . The
fibre weight is themnmeght of all of the core flbres excluding tissue.

Tabl e 2 quotes the co%gg&lg {hgofhrg%_ga(‘égtgééiééo uz;.:ncLb

super absor bent

| ayer,

t e secon O%E%I’OUS

| ayer and the sec%ﬁfd—céﬁpéﬂab‘é‘g’r’lﬁerﬂbsl‘"ﬁyé? i hodigs I(Gﬁéﬁs)as%%‘ﬁ’mlﬁmgllfﬂeach
I nstance thers i Ssequence an upper assembly that includes an upper

10

15

20

25

30

a5

acquisition layer and a superabsorbent layer and a lower
assembly that includes an upper layer having void space for
storage of liguid discharges and a lower layer which
contains second superabsorbent material. Examples 1 to 3
are constructed broadly as illustrated diagrammatically in
Figureé 1a to 1c, wherein each of the superabsorbents is
present as a thin preform layer.

In Example 4 the lower assembly comprises an air laid
fibrous matrix wherein at least 70% by weight of the second
superabsorbent material is in the lower half of the
thickness of this matrix, and wherein there is a dusting
layer, with a very low concentration of superabsorbent, on
the lower face of the matrix.

From the GLP values quoted below it will be seen that
Examples 3 and 4 at least are examples of the invention
described above wherein the first superabsorbent has a GLP
value of at least 4, and from the Dynamic Swelling Rate
values it will be seen that Examples 1 to 3 at least are
examples of absorbent bodies wherein the second
superabsorbent material has a higher swelling rate and the
first superabsorbent material has a substantially constant
Dynamic Swelling Rate.

Table 1 gquotes various quantitative values for the
article. In this the article weight includes the weight of
the topsheet, the containment tissue, the absorbent core,
and the impervious backsheet. The fibre weight is the
weight of all of the core fibres excluding tissue.

Table 2 quotes the content of the first acquisition
layer and first superabsorbent laver in the upper assenbly,
and the second fibrous layer and the second superabsorbent
layer in the lower assembly. In each instance there is
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52 quoted, in sequence, the nature of the material, the basis weight (grans
per square netre) and the dinensions. 53 [err] 54 [err]

52

quoted, in sequence, the nature of the material, the basis
weight (grams per square metre) and the dimensions.
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55 CCLC is chemcally cross-linked cellulose, for exanple as described in
US- A- 4, 898, 642. SX-MN 20/ 30 is Favor SX/ MV from Stockhausen GrbH having a
particle size distribution of 20/30 mesh (600 to 5 850[err]m an AAP

val ue of 20g/g at 0.7psi, a Dynamc Swelling Rate of 0.16g/sec and which is
| i near and a substantially non-decreasing value. SX MN60/100 is the 60/ 100
mesh (150 to 250[err]mparticle size fraction) of the sanme general type
havi ng AAP 20g/g 10 at 0.7psi and DSR 0. 24g/ g/ sec. SXM 300 i s Favor SXM

300 from Stockhausen GrbH which is unsieveggand which has AAP 21g/g at
0. 7psi and a Dy

 below 0. 1g/g/sec and which is |inear
and substanti al | eagi ng. {15 L761f is Aqualic CA L761f | ot
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Shokuba U trasorb. Fraction 20/30 has nmesh size 20/30 (600 to 850[err]m
AAP of 22g/g, G.P of 4.5 x 10[err]cnferr] sec/g and a Dynamc Swelling Rate
that is |inear and substantially non- decreasing and is 0.17g/g/sec.
Fraction 60/100 has AAP 20 209/ g at 0.7psi, low GP and Dynam c Swelling
Rate of 0.35g/g/sec. The performance of the four exanples was conpared

agai nst a nunber of different structureé, I ncl uding two of the applicants
comercial structures and a comrercial 25 structure of another major
absorbent article manufacturer. The results are illustrated in Table 2.
Conparative Exanple 1 is an absorbent article having a core conprising
airfelt only and_in ' a_topsheet and a backsheet. Conparative

Exanple 2 is | lving a core conprising only
chemi cally cross 1 EIgloséegs ; Eu‘ed above, and including a
t opsheet and a bpacksh
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Conparative Exanple 3 is an absorbent article marketed under the trade nane

Panpers Baby Dry [Boy Maxi Size (8 - 35 18kq)) . Thi s pr oduct
conpri ses a m xed airfelt/superabsorbent core, having a patch of the
sane 56 chem cally cross-linked material as in conparative Exanple 2

| ocated on top. Conparative Exanple 4 is an absorbent article marketed
under the trade nane Panpers Phases. This ggoduct has a 5 m xed

ai rfelt/superabsorbent core. Conparative Exanple 5 is an absorbent article
that is marketed underctiifeis chericrliy thdgsatlinked Bey 16iase A£6d @xangdlikg)] Dby

the Kinberley C agk ddycdabati on.uslial-g, pHdH4st, has a core that is an

airfelt/superabsorbent
P sﬂﬂh§ 20/30 is Favor SX/MW from Stockhausen GmbH

having a particle size distribution of 20/30 mesh (600 to

5 850um) an AAP value of 20g/g at 0.7psi, a Dynamic Swelling
Rate of 0.16g/sec and which is linear and a substantially
non~-decreasing value,

SX/MW 60/100 is the 60/100 mesh (150 to 250um particle
size fraction) of the same general type having AAP 20g/g

b ¢ at 0.7psi and DSR 0.24g/g/sec.

SXM 300 is Favor SXM 300 from Stockhausen GmbH which
is unsieved and which has AAP 21g/g at 0.7psi and a Dynamic
Swelling Rate of below 0.lg/g/sec and which is linear and
substantially non-decreasing.

15 L761f is Aqualic CA L761f lot no. 2G18 obtaindd from
Shokuba Ultrasorb. Fraction 20/30 has mesh size 20/30 (600
to 850um, AAP of 22g/g, GLP of 4.5 x 10 cm sec/g and a
Dynamic Swelling Rate that is linear and substantially non-
decreasing and is 0.17g/g/sec. Fraction 60/100 has AAP

20 20gfg at 0.7psi, low GLP and Dynamic Swelling Rate of
0.35g/g/sec.

The performance of the four exanples was compared
against a number of different structures, including two of
the applicants’ commercial structures and a commercial

25 structure of another major absorbent article manufacturer.
The results are illustrated in Table 2.
| Comparative Example 1 is an absorbent article having
a core comprising airfelt only and including a topsheet and
a backsheet. Comparative Example 2 is an absorbent

30 article having a core comprising only chemically cross-
linked cellulose as described above, and including a
topsheet and a backsheet.

Comparative Example 3 is an absorbent article marketed
under the trade name Pampers Baby Dry [Boy Maxi Size (8 -

35 i8kg)}. This product comprises a mixed
airfelt/superabsorbent core, having a patch of the same
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10 Conparative Exanple 6 is an absorbent article nmade according
W92/ 11831 and

havi ng a structure substantially identical to that of
Exanpl e 2 but having a different superabsorbent naterial.

second (having double the basis weight of the first) 15
superabsorbent materials are very "high-speed” gelling materials and

conpri se Norsol or X50 superabsorbent nateri al

Cedex, France).

0. 5cm super absor

as descri bed

in

made accordi ng to WGRFEL818n kP having a structure simlar to that of
Exanpl e 2 but having a dompanetire Ergmpledasissanaibgbtbett GRYIEEs mhrkésdecad of
CCLC as the second,aeOuissel ikPRad Ve %ﬁmpefgcbrﬂ@ébf‘g_ ehid rolhct

super absor bent _mat

Birst

wei ght of the

10

15

20

25

30

e%:':ea Sa'irflyg / sfulpresi'tabsor en

Comparative Example 5 is an absorbent article that is
marketed under the trade name Ultratrim [Boy Size 4 (10 ~
16kgy) by the- Kimbe#ley»-«-cl&rk- Coxporation. This. product
has a core that is an airfelt/superabsorbent mix.

Comparative Example 6 is an absorbent article made
according to W092/11831 and having a structure
substantially identical to that of Example 2 but having a
different superabsorbent material. The first and second
(having double the basis weight of the first)
superabsorbent materials are very "high~speed" gelling
materials and comprise Norsolor X50 superabsorbent material
(supplied by ELF ATOCHEM, Cedex, France). The first
superabsorbent layer is 7.5cm wide and has a 0.5cm
superabsorbent free stripe along each of its longitudinal
sides, as described in W092/11831.

Comparative Example 7 is an absorbent article made
according to W090/14815 and having a structure similar to
that of Example 2 but having a tissue having a basis weight
of 60;;m'2 instead of CCLC as the second acgquisition layer
and having different superabsorbent materials. The first
and second (having double the basis weight of the first)
superabsorbent materials have different absorption rates
and liquid retention abilities, and comprise respectively
Aqualic CA W-4 (supplied by Nippon Shokubai Co. Ltd.,
Osaka, Japan) and Sanwet IM 5600S (supplied by Hoechst-
Casella GmbH, Frankfurt, Germany).

Unless otherwise specified each of the topsheet and
the backsheet used in the Examples and Comparative Examples
is of the type described above.

The first and

(supplied by ELF ATOCHEM
The first superabsorbent $&yer is 7.5cmw de and has a

nAAiRI k-t RRd SRR 2% ARG, pcpne [

h :
and second (having doubl e the basi s
caore.

to
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super absorbent materials have different absorption rates and |iquid
retention abilities, and conprise respectively Aqualic CA W4 (supplied by
Ni ppon Shokubai Co. Ltd., 30 OCsaka, Japan) and Sanwet | M 5600S (supplied
by Hoechst- Casella GrbH, Frankfurt, Germany). Unless otherw se specified
each of the topsheet and the backsheet used in the Exanples and Conparative

Exanples is of the type descri bed above. [err] [err]
57
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59 A good core will

structure. It

excel | ent perfornmance,
aest hetically pl easing,
The inportant paraneters reflect

package.
i nvention ovef
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an article in
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15 conpared with the conparative exanples. Mre specifically the core of
the invention generally exhibits: 1) A good acquisition rate (at |east
|.0m s[err]) at 50% average theoretical basis capacity, which reflects
good fluid absorption throughout the core's, and 20 therefore the
article's, in use lifetine; 2) A high fluid uptake value (X err]/t[err])
of at least 0.05 g g[err]s[err] as nmeasure8sby the X Y-demand absorbency
test, which indicates an efficient _distribution mechanismwthin the core
leading to efficient Ut BPPSaReRsm “dhloleally configieageod PEEEPFRANCE) and A | ow
rewet (no greatergodhriesi@y syrmdtatres ult niss genkerahly efclteat:se;ﬂumélw skin
dryness benefits fpsvidie dUsBre 1L excﬁﬂr&h Qf‘?@fn‘za‘déeangu@\(&r
t heoretical basis wei ht 30 ¢ g’é (iﬂﬁ {JJ toget’her W th
a | ow stack hel ght®{*ho "@llxé’a and FRER ‘S?ﬁﬁ %/n?&ﬁ %%ﬁ pledsing, and
which is also expensive to make and/or package.
The J.mportant_parameters reflecting the advantages of
the invention over the prior art, as represented by the
comparative examples, are summarised in Table 2. Each
parameter listed in that table represents only cne specific
10 benefit of the core of the invention to the user of an
article incorporating the core, either throughout the
article’s lifetime or during a particular phase of its
lifetime. The core of the invention exhibits good
performance in a majority of the listed paranmeters, as
15 compared with the comparative examples. More specifically
the core of the invention generally exhibits:
1) A good acquisition rate (at least 1.0ml s’') at 50%
average theoretical basis capacity, which reflects
good fluid absorption throughout the core’s, and
20 therefore the article’s, in use lifetine;
2) A high fluid uptake value (X, /tg) of at least 0.05 g
g ! s' as measured by the X, Y-demand absorbency test,
which indicates an efficient distribution mechanism
within the core leading to efficient utilisation of
25 storage capacity.
3) A low rewet (no greater than 0.6g synthetic urine},
' which reflects superior skin dryness benefits for the
user; and
4) A high capacity and average theoretical basis weight
30 (at least 0.8 g g em’®) together with a low stack
height (no greater than 9mm), which allow the
* production of smaller and thinner efficient absorbent
cores, and therefore articles, which are discrete in
use, and which also save on packaging and
s transportation costs.
Only Example 6 of the comparative examples is
satisfactory over most of the range of parameters. However




production of smaller and thinner efficient absorbent cores, and therefore

articles, which are discrete in use, and which also save on
packagi ng and 35 transportation costs. Only Exanple 6 of the
conparative exanples is satisfactory over nost of the range of paraneters.
However 60 Exanple 2 is a substantially identical structure to this

conparati ve exanpl e and has superi or perforg&nce toit with respect to both
acquisition rate, rewet, and X, Y-denand abSorbency properties, wi t hout

the  manufact uring By, eCoMpkexi bhestddtab1igndad 81" SOMIdEL DY 1hR s
structure of Conparative ampl e S (as, exenplified b therpassa es or
pat hways from uppef ™ a5ak ge{%&p erqng g?@r YP&y &PE R?%lfﬁ’r"f‘f“ ce to 1t with
respect to both acquisition rate, rewet, and X, Y-demand
absorbency properties, without the manufacturing
5 complexities that tend to be regquired by the structure of
Comparative Example 6 (as exemplified by the passages or
pathways from upper storage layers to lower layers within
the core structure). The superiority . of-the-core . of the -
invention in respect of these parameters is thought to be
10 a result of a combination of the different fluid uptake
rates of the superabsorbent materials together with their
inclusion in the specific structure of the core of the
invention.
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the core structure}. The superiority of the core of the invention in
respect of these paraneters is thought to be 10 a result of a conbination

of the different fluid uptake rates of the superab:
together with their inclusion in the specific stru m Gﬂa ﬂﬂ& t B of the
I nventi on. 61 CLAI MS: 1. An absor bent body co nce from

the top an upper assenbly (3, 4, 5) that includes an upper acquisition
| ayer (3) substantially free of 5 superabs®¥bent material, and a

super absor bent Iay&gA .consisting mainly of first superabsorbent mat eri al
which has a Gel L rnmeability (GLP) .
. An absorbent body comprising in sequence from the top

an upper assembly (3, 4, 5) that includes
an upper acquisition layer (3) substantially free of
5 superabsorbent material, and
a superabsorbent layer (5) consisting mainly of first
superabsorbent material which has a Gel Layer Permeability
(GLP) value of at Ieast about 4 x IGqEnFSec[q and which is
present in an amount of at least about 20g/n3, and
10 a lower assembly (6, 7, 8) that includes second
superabsorbent material having an Absorption Against
Pressure of at least 15¢g/g at 50g/cm2 and which comprises
an upper layer (6) having void space for storage of
liguid discharges, and
1s a lower layer (7) which contains second superabsorbent
material and wherein at least 70% by weight of the total
amount of the second superabsorbent material which is in
the upper and lower layers is in the lower half of the
comSined thickness of the upper and lower layers.
20 2. An absorbent body according to claim 1 in which the
GLP of the first superabsorbent material is at least 6 x
10 7cn’sec/q.
3. An absorbent body according to claim 1 in which the
GLP of the first superabsorbent material is at least 9 x

25 107 en’sec/q.

4. An absorbent body according to claim 1 in which the
first and second superabsorbent materials are the sanme
material.

5. An absorbent body according to any of claims 1 to 3
30 in which the second superabsorbent material has a faster
Dynamic Swelling Rate than the first superabsorbent
material. '
6. An absorbent body according to claim 5 in which the
second superabsorbent material has a Dynamic Swelling Rate
38 of at least 0.2g/9/s. '
7. An absorbent body according to claim 5§ or claim 6 in
which. the second superabsorbent material has a Dynamic
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val ue of at |east about 4x10[err] cnferr] sec/g and which is present in an
anmount of at |east about 20 g/nferr], and 10 a lower as (6,
7, 8) that includes second superabsorbent materi m“mm}l‘ﬁﬁﬁg*r&?/ption
Agai nst Pressure of at least 15 g/g at 50 g/cnferr] 3 es an
upper layer (6) having void space for storage of liquid di scLharges, and 15

a lower layer (7) which contains second s rabsorbent material and
wherein at |east 70% by weight of the total anount of the second

super absor bent nat edvedll ingi ®ateswhilch hesuppeneast hosetitayefife isyraRithe
Loer half of the coihiinad hide diethie % sddi® stiBDRInARdh O Wilkel BUET S 20 2.
An absor bent body accordi to claiml in whi tl?'ue \(l)igt e ?I rst
super absor bent nat €t al Ai“sgéﬁc’rlb@&& bedy BLEPTYingh e 3Ny pregefing claim,in
absor bent body accostdiahgofotié aippet and viluwelr Lagexd Rfoth€Sowkheadseanbly
super absorbent pat efddbrbdiddd bgast a9% U@ E1prdlsLhits SEGhEkein at least
70% by weight of the second superabsorbent material is in
the lower half of the thickness of the matrix.
$. - An absorbent. body accarding to claim 8 in which at
least 5% of the second superabsorbent material is in the

10 upper half of the thickness of the upper and lower layers.
10. An absorbent body according to claim 8 or claim 9 in
which the upper and lower layers of the lower assembly are
provided by air laying a blend of hydrophilic fibres and
superabsorbent material.

15 il. An absorbent body according to any of claims 8 to 10.
in which the air laid matrix additionally comprises a fibre
layer substantially free of superabsorbent material which
has been air laid with and beneath the lower layer.

12. An absorbent body according to any of claims 1 to 7

20 wherein the upper layer of the 1lower assembly is
substantially free of superabsorbent material and the lower
layer is a preformed layer comprising the superabsorbent
material.

13. An absorbent body according to claim 12 in which the

25 layer comprising the second superabsorbent material is a
“thin layer which consists substantially only of the second
superabsorbent material.

14. An absorbent body according to any preceding claim in
which the amount of second superabsorbent material in the

3o lower assembly is at least 30 to 95 (preferably 45 to 70%)
by weight based on the total weight of the upper and lower
stoi'age layers and the amount of first superabsorbent
material is 30 to 70% by weight the weight of the upper
assembly. :

35 15. An absorbent body according to any preceding claim in
which the upper acquisition layer has a wet compressibility
of at least Sc:\\"’g'1 and a drip capacity of 1l0g g".

I |

REPLACEMENT SHEFT) This S

03 APR 1997 “. :/ /”/




4. An absorbent body according to claim1l in which the first and second
super absorbent materials are the sane material. 30 5. An absor bent body

according to claim1 in which the second superabsorb ' a
faster Dynamic Swelling Rate than the fi rstpsuperabsﬁlﬁum‘mllgﬂlﬂﬁnl :
An absorbent body according to claim5 in which the sécond ‘sufler &bsbr bent
material has a Dynamc Swelling Rate of atgieast 0.2 g/g/s. 5 7. An
absorbent body according to claim5 in which the second superabsor bent
material has a Dypani anSuBséiimgitRebay wicokdisg o hepgirebefing maaihhi

Dynam c Swel ling Rﬂ ofpd hfr;z{ 1s§.¥ SHYPEL O{Q%ﬂx{@t e aﬂlrsﬁ rfxﬁrou

absor bent body accor to,clalm u wer ﬁa ers
of the | ower asse%‘F%F‘éaew’b?"‘o‘hc&é‘Hrb?/e%ﬁt feaSt 508 by Weight Chemgcally Y

cross linked cellulosic fibres.

5 17. An absorbent body according to any preceding clain
having an average theoretical basis capacity of at least
0.8ml cm’’ and a stack height of not more than Smm at 200g
em2.

18. An absorbent body according to any preceding claim in

10 which the first superabsorbent material is present as a
preformed thin layer consisting substantially only of the
superabsorbent material.

19. An absorbent body according to claim 1 comprising
an upper assembly comprising an upper layer comprising

15 a first porous material (3) having a wet compressibility
of at least 5c:m!"g'1 and a drip capacity of at least 10g gq,
the assembly also comprising a first superabsorbent
material (5) having a substantially non-decreasing Dynamic
Swelling Rate and

20 a lower assembly comprising a second porous material
(6) and a second superabsorbent material (7) having a
dynamic swelling rate of ‘at least 0.2g g's' and an
absorption against pressure of at least 15g g” at 50g cm?
(0.7psi),

25 wherein the Dynamic Swelling Rate of the second
superabsorbent material is at least 1.5 times the Dynamic
Swelling Rate of the second superabsorbent material.

20. An absorbent article comprising, in sequence, a liquid
pervious topsheet (2), an absorbent body according to any

30 of claims 1 to 17 arranged with the upper acquisition layer
(3) towards the topsheet (2), and a liquid impervious
backsheet (9).

21. An absorbent article according to claim 20 and which
is a disposable diaper, incontinence article or training

3s pant. '
22. An absorbent body comprising in sequence through its thickness
from the top
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air laid fibrous matrix wherein at |east 70% by wei ght of the second
super absorbent material is in the ower half of the thickness of the

matrix. 15 9. An absor bent body according to cl ai mf mmlﬂmnmlﬂwﬂnm 5%
of the second superabsorbent material is in the upper Lm kness
of the upper and lower layers. 20 10. An absorbent bddycactori ng t'o
claim1 in which the upper and | ower |ayersgaf the | ower assenbly are

provided by air laying a blend of hydrophilic fibres and superabsorbent
material. 25 11. An apsavbentasseaplacoopdining encirren layer edmmetisihg air
| ai d mta)ttrig addi ti @nalikyt CoomRF hd§@1’i‘§ariép_r@)| we&n@&h)s}@mdtaoﬁbkaséirﬂigie
super absor bent nat efd . iq.la neat h t he,y1 owner
| ayer. 30 12. An%afbg{ér#euns% Bog? agggr%idrﬁ‘gbtég%ﬁ\@aii &%Pvﬁ#;‘;%?%t g ¥pper
layer of the |ok®® AasSEYy aise SOWBrA®inG| By £irstee superabsorbent

s material (5) having a substantially non-decreasing Dynamic

Swelling Rate and

a lower assembly comprising a second porous material
{6) and a secand superabsorbent material (7) having a
dynamic swelling rate of at least 0.2g gqsd and an

10 absorption against pressure of at least 15g gr'1 at 50g em’
{0.7psi),

wherein the Dynamic Swelling Rate of the secénd
superabsorbent material is at least 1.5 times the Dynamic
Swelling Rate of the second superabsorbent material.

15 23. An absorbent body according to claim 22 in which the
first porous material is a fibrous material which comprises
at least 50% by weight chemically cross linked cellulosic
fibres.

24. An absorbent body according to claim 22 or claim 23

20 having an average theoretical basis capacity of at least
0.8m1 cm’® and a stack height of not more than 9mm under a
pressure of 200g cm’.

25. An absorbent article comprising, in sequence, a licuid
pervious topsheet (2), an absorbent body according to any

25 of claims 22 to 24 arranged with the upper layer (3)
towards the topsheet (2), and a ligquid impervious backsheet
(9).

26. An absorbent article according to claim 25 and which
is a disposable diaper, incontinence article or training

30 pant.
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super absorbent material and the lower layer is a preforned |ayer conprising
t he superabsorbent materi al. 63 13. An absorbent body according to claim
12 in which the layer conprising the second superabsorbent naterial is a
thin layer which consists substantially only of the second superabsorbent
material. 5 14. An absorbent body according to claim1 in which the anount
of second superabsorbent material in thedg wer assenbly is at least 30 to
95 (preferably 45 to 70% by wei ght based™on the total weight of the upper
and | ower storage layers and the 10 ABSTRA©®I first superabsorbent

material is 30 to 70% by wei ght the wei ght of the upper assenbly.

ABSORBENT ARTICLES

A diaper or other absorbent body may include an absorbent body comprising in
sequence from the top (the surface adjacent the wearer’s body). An upper assembly (2, 3,
4, 5) comprising an acquisition layer (3) formed of first fibrous material substantially free
of superabsorbent material, a superabsorbent layer (5) consisting substantially only of first
superabsorbent material having a Gel Layer Permeability value of at least about 4ml/cm?/sec
and which is present in an amount of about 20g/m? to 320g/cm?, a storage assembly (6, 7,
8} that includes second superabsorbent material (7) having an absorption against pressure of
at least 15g/g at 50g/cm? and which comprises an upper storage layer (6) and a lower storage
layer (7) containing at least 70% by weight of the total amount of second superabsorbent in
the upper and lower storage layers and which has a thickness which is the same as or less

than the thickness of the upper storage layer (6).

FIGURE 1

This Sheet Has Been Replaced
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15. An absorbent body according to claim1l in which the upper acquisition

| ayer has a wet conpressibility of at least 5 cnferr] 15 g[err] and a drip
capacity of 10 g g[err]. 16. An absorbent body according to claim1l in
which the acquisition layer is formed of first fibrous material which
conprises at |east 50% by weight chemically cross linked 20 cellulosic
fibres. 17. An absorbent body according to gvgln].having an average

t heoretical basis capacity of at |least 0.8 cnferr] and a stack hei ght of
not nore than 9 mmat 200 g cnferr]. 25 18. An absorbent body according to
claim1 in which the first superghsorbent material is present as a
preformed thin | ayer consisting suRstantially only of the superabsorbent
material. 30 19. An absorbent body according 0 claim1 conprising an

upper assenbly conprising an upper | ayer conprifsing a first porous materi al
(3) having a wet conpressibility of at
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|l east 5 cn{err] g[err] and a drip capacity of at least 10 g g[err], the
assenbly also conprising a first superabsorbent material (5) 35 having a
substantially non-decreasing Dynamc Swelling Rate and 64 a | ower
assenbly conprising a second porous material (6) and a second
superabsorbent material (7) having a dynamc swelling rate of at |east 0.2
g glerr]s[err] and an absorption agai nsp/gressure of at least 15 g g[err]
at 50 g cnferr] (0.7 psi), 5 wherein the Dynamic Swelling Rate
of the second superabsorbent material is at least 1.5 tinmes the Dynam c
Swel ling Rate of the second superabsorbent material. 20. An absorbent body

conprising in sequence through its 10 thickness fr@mthe top an upper
assenbly conprising an upper |ayer conprising i;;

S
;:'g:z“:‘:“‘c”“:izzz - &
A 5

OO NRANNANNY
NSNS NSO ANNANA NN RS NSNS AN NN 6

ez — -7

e T T e et ol bodudodndindodonladnddonodndnabmdntatondndodstnlmbathnborkbobmrodtalatniont]

3

A L S DT S O A S S B N S ST SO S SO SO S SO0 0 LN S N O SO L0 LY IO S SR A SN S0 SV00 SV N SN N S A S

———————————————————————————————————————— \4

A N NN Y 6
e e e AN AN

WI/IMM/W/MMM//AW/MZWI/WW& 7

8

O L R Ll hodedihododndndnliobockadodntkatoobindlonbabnbaiobadndotoniadiododatokied

T T R e e o e e e e S R A i eh et iurheb I bt baieinmiethed

Fig. Ic 9
REPLACEMENT SHEET

0 3 APR 1997




first porous material (3)having a wet conpressibility of at least 5 cnferr]
glerr] and a drip capacity of at least 10 g g[er], the assenbly al so
conprising a first superabsorbent material (5) 15 having a substantially
non- decreasing Dynamc Swelling Rate and a | ower assenbly conprising a
second porous material (6) and a second superabsorbent material (7) having
a dynamc swelling rate of at |east 0.2¥ﬂ%g[err] s[err] and an absorption
agai nst pressure of at least 15 g g[err t 50 g cnferr] (0.7 psi), 20
wherein the Dynamic Swelling Rate of the second superabsorbent
material is at least 1.5 tinmes the te of the second
super absorbent material. 25 21. An absor jcording to claim20
in which the first porous material is a fibrofys materjijal which conprises at
| east 50% by wei ght chemically cross |inked c_IIuI03|c fibres. 22. An

absor bent body according to claim20 having af average 30 theoreti cal
basis capacity of at least 0.8 ml cnferr] and]a stacT“

Fig. 3
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hei ght of not nore than 9 nmunder a pressure of 200 g cnferr] 23. An
absorbent article conprising, in sequence, a liquid pervious topsheet,
an absorbent body conprising, in sequence 35 fromthe top: 65 an upper
assenbly that includes: an upper acquisition |ayer substantially free of
super absorbent material, and a super absorbent |ayer consisting mainly of
first super absorbent |ayer which has afgl Layer 5 Perneability (G.P)

val ue of at |east about 4x10[err] cnferr] sec/gmand which is present in an
anount of at |east about 20 g/nferr], and a | ower assenbly that includes: a
second superabsorbent material having an Absorbent Against Pressure of at

| east 15 g/ g at 50 g/cnferr] and which

Fig. 4



10 caqnprises: an upper layer having void space for storage of |iquid

di scharges, and a | ower |ayer which contains second superabsorbent nateri al
and wherein at |east 70% by wei ght of the total anmount 15 of the second
superabsorbent material which is in the upper and lower layers is in the

| ower half of the conbined thickness of the upper and | ower |ayers,

arranged with the upper acquisition |layer towards the topsheet, and a

| i qui d inpervious backsheet. 20 24. gﬂ%absorbent article according to claim
23 and which is a dis abl e di aper, continence article or training pant.
25. An absorbent artig]e sonprising, in sequence, a liquid 25 pervious

t opsheet, an absorbeny} body~gonprising, in sequence through its thickness

fromthe top: an uppe e ri sing:
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an upper |layer conprising a first porous material having a wet Beras % T
conpressibility of at least 5 cnferr] g[err] and a drip capacity of 30 at

| east 10 g/ g, the assenbly also conprising a first superabsorbent naterial
having a substantially non-decreasing Dynan1c Swelling Rate, and a | ower
assenbly conprising: a second porous naéﬁél and a second super absor bent
35 material having a dynamc swelling r #f at least 0.2 g/g/s and an
absorption constant agai nst pressure of at least 15 g/g at 50 g/cnierr]
(0.7 psi), wherein the Dynami c Swel |'ing Rate  of the second
superabsorbent material is at least 1.5 tinmes the Dynamc 5 Swelling Rate
of the second superabsorbent nmaterial, arranged with the upper {4gyer
towards the topsheet and
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. . . . ﬁ
a liquid inpervious backsheet. 26. An absorbent article accordi ngf“f‘%‘%?ai m
25 and which is a 10 disposable diaper, incontinence article or training

l ) AV

1. An absorbent body comprising in sequence from the top

CLAIMS:

an upper assembly (3, 4, 5) that includes
an upper acquisition layer (3} substantially free of
5 superabsorbent material, and
a superabsorbent layer (5) consisting mainly of first
superabsorbent material which has a Gel Layer Permeability (GLP)
value of at least about 4x10’ cm® sec/g and which is present in
an amcunt of at least about 20 g/mz, and
10 a lower assembly (6, 7, 8) that dincludes second
superabsorbent material having an Absorption Against Pressure of
at least 15 g/g at 50 g/cm’® and which comprises
an upper layer (6) having void space for storage of liquid
discharges, and
15 a lower layer (7) which contains second superabsorbent
material and wherein at least 70% by weight of the total amount
of the second superabsorbent material which is in the upper and

lower layers is in the lower half of the combined thickness of

the upper and lower layers.
20
2. An absorbent body according to claim 1 in which the GLP of

the first superabsorbent material is at least 6x107’ cm® sec/g.

3. An absorbent body according to claim 1 in which the GLP of

25 the first superabsorbent material is at least 9x107’ cm® sec/qg.

4. An absorbent body according to claim 1 in which the first

and second superabsorbent materials are the same material.

30 s. An absorbent body according to claim 1 in which the second
superabsorbent material has a faster Dynamic Swelling Rate than

the first superabsorbent material.
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6. An absorbent body according to claim 5 in which the second
superabsorbent material has a Dynamic Swelling Rate of at least

0.2 g/g/s.

7. An absorbent body according to claim 5 in which the second
superabsorbent material has a Dynamic Swelling Rate which is at
least 1.5 times the Dynamic Swelling Rate of the first

superabsorbent material.

8. An absorbent body according to claim 1 in which of the
upper and lower layers of the lower assembly are provided by an
air laid fibrous matrix wherein at least 70% by weight of the
second superabsorbent material is in the lower half of the

thickness of the matrix.

9. An absorbent body according to claim 8 in which at least
5% of the second superabsorbent material is in the upper half of

the thickness of the upper and lower layers.

10. An absorbent body according to claim 1 in which the upper
and lower layers of the lower assembly are provided by air
laying a blend of hydrophilic fibres and superabsorbent

material.

11. An absorbent body according to claim 1 in which the air
laid matrix additionally comprises a fibre layer substantially
free of superabsorbent material which has been air laid with and

beneath the lower layer.

12. An absorbent body according to claim 1 wherein the upper
layer of the lower assembly is substantially free of
superabsorbent material and the lower layer is a preformed layer

comprising the superabsorbent material.
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13. An absorbent body according to claim 12 in which the layer
comprising the second superabsorbent material is a thin layer
which consists substantially only of the second superabsorbent

material.

14. An absorbent body according to claim 1 in which the amount
of second superabsorbent material in the lower assembly is at
least 30 to 95 (preferably 45 to 70%) by weight based on the
total weight of the upper and lower storage layers and the
amount of first superabsorbent material is 30 to 70% by weight

the weight of the upper assembly.

15. An absorbent body according to claim 1 in which the upper
acquisition layer has a wet compressibility of at least 5 cm’

1

g?! and a drip capacity of 10 g g™*.

16. An absorbent body according to claim 1 in which the
acquisition layer is formed of first fibrous material which
comprises at least 50% by weight chemically cross linked

cellulosic fibres.

17. An absorbent bedy according to claim 1 having an average
theoretical basis capacity of at least 0.8 ml cm™? and a stack

height of not more than 9 mm at 200 g cm?.

18. An absorbent body according to claim 1 in which the first
superabsorbent material is present as a preformed thin layer

consisting substantially only of the superabsorbent material.

19. An absorbent body acéording to claim 1 comprising

an upper assembly comprising an upper layer comprising a
first porous material (3) having a wet compressibility of at
least 5 cm® g! and a drip capacity of at least 10 g g'!, the
assembly also comprising a first superabsorbent material (5)

having a substantially non-decreasing Dynamic Swelling Rate and
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a lower assembly comprising a second porous material (6)
and a second superabsorbent material (7) having a dynamic

swelling rate of at least 0.2 g g* s

and an absorption against
pressure of at least 15 g g* at 50 g cm? (0.7 psi),

wherein the Dynamic Swelling Rate of the second
superabsorbent material is at least 1.5 times the Dynamic

Swelling Rate of the second superabsorbent material.

20. An absorbent body comprising in sequence through its
thickness from the top

an upper assembly comprising an upper layer comprising a
first porous material (3)having a wet compressibility of at
least 5 cm® g’ and a drip capacity of at least 10 g g', the
assembly also comprising a first superabsorbent material (5)
having a substantially non-decreasing Dynamic Swelling Rate and

a lower assembly comprising a second porous material (6)
and a second superabsorbent material (7) having a dynamic

1

swelling rate of at least 0.2 g g' &' and an absorption against

pressure of at least 15 g g' at 50 g ecm® (0.7 psi),

wherein the Dynamic Swelling Rate of the second
superabsorbent material is at least 1.5 times the Dynamic

Swelling Rate of the second superabsorbent material.

21. An absorbent body according to claim 20 in which the first
porous material is a fibrous material which comprises at least

50% by weight chemically cross linked cellulosic fibres.

22. An absorbent body according to claim 20 having an average
theoretical basis capacity of at least 0.8 ml cm? and a stack

height of not more than 8 mm under a pressure of 200 g cm *

23. An absorbent article comprising, in sequence, a liquid
pervious topsheet, an absorbent body comprisi i

from the top: '
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an upper assembly that includes:

an upper acquisition layer substantially free of super
absorbent material, and a super absorbent layer consisting
mainly of first super absorbent layer which has a Gel Layer
Permeability (GLP) value of at least about 4x1077 cm’ sec/gm and
which is present in an amount of at least about 20 g/m*, and

a lower assembly that includes:

a second superabsorbent material having an Absorbent
Against Pressure of at least 15 g/g at 50 g/cm®* and which
comprises:

an upper layer having void space for storage of 1liquid
discharges, and

a lower layer which contains second superabsorbent
material and wherein at least 70% by weight of the total amount
of the second superabsorbent material which is in the upper and
lower layers is in the lower half of the combined thickness of
the upper and lower layers, arranged with the upper acquisition
layer towards the topsheet, and

a liquid impervious backsheet.

24. An absorbent article according to claim 23 and which is a

disposable diaper, incontinence article or training pant.

25. An absorbent article comprising, in sequence, a liguid
pervious topsheet, an absorbent body comprising, in sequence
through itg thickness from the top:

an upper assembly comprising:

an upper layer comprising a first porous material having a
wet compressibility of at least 5 cm’® g' and a drip capacity of
at least 10 g/g, the assembly also comprising a £first
superabsorbent material having a substantially non-decreasing
Dynamic Swelling Rate, and

a lower assembly comprising:

a second porous material and a second superabsorbent

material having a dynamic swelling rate of at least 0.2 g/g/s
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and an absorption constant against pressure of at least 15 g/g
at 50 g/cm® (0.7 psi),

wherein the Dynamic Swelling Rate of the =second
superabsorbent material is at least 1.5 times the Dynamic
Swelling Rate of the second superabsorbent material, arranged
with the upper layer towards the topsheet and

a liquid impervious backsheet.

26. An absorbent article according to claim 25 and which is a

disposable diaper, incontinence article or training pant.
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ABSTRACT
ABSORBENT ARTICLES

A diaper or other absorbent body may include an absorbent body comprising in
sequence from the top (the surface adjacent the wearer’s body). An upper assembly (2, 3,
4, 5) comprising an acquisition layer (3) formed of first fibrous material substantially free
of superabsorbent material, a superabsorbent layer (5) consisting substantially only of first
superabsorbent material having a Gel Layer Permeability value of at least about 4ml/cm?/sec
and which is present in an amount of about 20g/m? to 320g/cm?, a storage assembly (6, 7,
8) that includes second superabsorbent material (7) having an absorption against pressure of
at least 15g/g at 50g/cm? and which comprises an upper storage layer (6) and a lower storage
layer (7) containing at least 70% by weight of the total amount of second superabsorbent in
the upper and lower storage layers and which has a thickness which is the same as or less

than the thickness of the upper storage layer (6).

FIGURE 1
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