wo 2014/144047 A1 [N AP0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/144047 A1

18 September 2014 (18.09.2014) WIPO I PCT
(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
AG61F 13/15 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
PCT/US2014/028292 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
14 March 2014 (14.03.2014) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(25) Filing Language: English ZW.
(26) Publication Language: English (84) Designated States (uniess otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/789,444 15 March 2013 (15.03.2013) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant: EAM CORPORATION [US/US]; 2075 Sun- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
set Boulevard, Jesup, GA 31548 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Tnventors: CHMIELEWSKI, Harry, J.; 12316 Whartons MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
. ] TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
Way, Raleigh, NC 27613 (US). DUCKER, Paul, M.; 157 KM, ML, MR, NE, §N. TD, 1G)
Baywood Circle, Brunswick, GA 31525 (US). i i P ’
(74) Agents: GEIMER, Stephen, D. et al; Wood, Phillips, T UPhshed:
Katz, Clark & Mortimer, 500 West Madison Street, Suite —  with international search report (Art. 21(3))
1130, Chicago, IL 60661 (US). —  before the expiration of the time limit for amending the
(81) Designated States (unless otherwise indicated, for every claims and to be republished in the event of receipt of

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

amendments (Rule 48.2(h))

(54) Title: ABSORBENT STRUCTURE WITH DISCRETE ACQUISITION CELLS

FIG. 1

(57) Abstract: An absorbent structure including a composite absorbent laminate is disclosed, with the structure suitable for use in
disposable absorbent products such as for infant or incontinence care. Notably the laminate comprises discrete acquisition ceils each
comprising particles of preferably ceiiulosic absorbent material. The absorbent structure further comprises particulate superabsorbent
polymer which can either be biended with the particulate discrete acquisition cells in the absorbent laminate, or provided in a separ -
ate absorbent layer of the absorbent structure. The discrete acquisition cells desirably generate free voiume for rapid capillary ab -
sorption in an ultra-thin absorbent structure.
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ABSORBENT STRUCTURE WITH DISCRETE ACQUISITION CELLS

FIELD OF THE INVENTION

[0001] The present invention relates generally to disposable absorbent products such as
infant diapers, adult incontinence briefs, pull-up underwear and bladder control pads, and more
particufarly to an absorbent structure including discrete, particulate acquisition cells, positioned in
operative association with associated absorbent components of the structure, with the cells
funclioning to provide liquid-acquisition characteristics upon introduction of liquid into the structure

to avoid leakage prior to the absorption of the liquid by the associated components.

SACKGROUND OF THE INVENTION

{0002] Disposable absorbent products have met with widespread acceptance in the
marketplace for a variety of applications, including infant and aduit incentinence care, in view of the
manner in which such products can provide effective and convenient liquid absorption and retention
while maintaining the comfort of the wearer. However, experience has shown that a need exists for
thinner, more discreef, garment-like products that can be highly resistant fo leakage in use.
Absolute corfidence in leakage performance of adult products is important because of a risk of
smbarrassment in public.

{0003] There has been a move foward thinner cores of higher density generating structures
that have less free volume than conventional wood pulp fluffisuperabsorbent polymer (SAP) cores.
The free volume required for rapid capillary absorption in an ultra-thin core can be less than the
volume of liquid that it is required to contain. Superabsorbent polymers in an ultra-thin core can
itimately absorb large quantities of liguid, but diffusion of liquid into @ superabsorbent polymer is
sfow and typically requires several minutes. This invention provides a means fo generate free
volume in an ultra-thin absorbent core, on demand, for rapid absorption of liquid in response o

wetting.
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SUMMARY OF THE INVENTION

[0004] In accordance with the present invention, the provision of an absorbent structure
including discrete acquisition cells {DACSs) solves the above-described problems by providing free
volume for rapid capiliary absorption in an ulfra-thin structure, on demand, as the structure absorbs
iquid. This is done by incorporating discrete particles of a cellulosic material that can rapidly
increasa in at least one dimension when they come In contact with liquid. In most cases, particles
made from higher basis weight materi'ais and applied at an effective basis weight less than the
basis weight of the material from which the particles were made perform much better than a
coherent sheet of the same material at the same effective basis weight. This is because more free
volume can be generated by larger particles randomly oriented in the sbructure.  Additionally the
capiliary structure of this additional free volume can be adjusted by adjusting the particle size
distribution of the DAC particles resulling in greater or lesser capillary suction from the voids
between the particles. it i3 additionally desirable that DAC’s have a rapid rate of freeswell
absorbency. A material that is divided into granules or particles has a greater suface area/volume
ratio In principle allowing fluid greater access to the material.

[0005] in addition to this, granular or particulate materials can be fed by any of volumetric or
gravimeric means well known to those skilled in the art into a moving web 1o form an absorbent
material with any desired basis weight of DAC material by simply adjusting the feed. Conversely
monolithic sheet of the desired matatial that is not divided into particles, bul rather fed as a sheet
would not be freely adjustable to the desired basis weight.  When used in conjunction with
absorbent cores made using superabsorbent polymer patticles, application of DAC’s can piggyback
on the well-developed technological infrastructure devoted to adding SAP.

[00086] in accordance with the present invention, an absorbent structure is disclosed
comprising a composite absorbent laminate comprising a carrler substrate, and a matrix of

. adhesive filament and discrete acquisition cells each comprising particulate, preferably cellulosic,
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absorbent material, The discrete acquisition cells are maintained in a randomized configuration on
the subsirate by the adhesive filaments. The cellulosic discrete acquisition cells can comprise at
least one of compressed celiulosic sponge particles; compressed, cross-inked or uncross-linked
wood puip fibers,; creped tissue and paper, and shredded paper. Non-cellulosic discrete acruisition
cells may comprise particles of compressed, synthetic fibers. Compressed particles can be
dimensionally stabilized in dry form with the addition of a binding agent such as microcrystalline
cellulose. The carrier substrate preferably comprises first and second tissue layers between which
the matrix of adhesive filaments and discrete absorbent cells is positioned.

{00071 in the preferred form, the absorbent structure comprises superabsorbent polymer
particles. Notably, the discrete acquisition celis exhibit capillary suction that is less than a capillary
syction exhibited by the particles of superabsorbent polymer.

{8008] in one form of the invention, the superabsorbent polymer partictes are blended in the
matrix of said adhesive filaments and discrete acquisition cells. In an alternate form, the absorbent
structure comprises an absorbent layer having the superabsorbent polymer particles, with
absorbent layer being positioned in liquid-transferring relationship with sald composite absorbent
faminate having the discrete acquisition cells.

{6009} in one specific embodiment, the parliculate absorbent material of said discrete
acquisition cells comprises compressed, particulate sponge material.  In sheet form, the sponge
material exhibits a basis weight of about 400 grams per square meter, with the padiculate sponge
material in sald absorbent matrix having an effective basis weight in the range of about 25-100
grams per square meter.

{30101 Depending upon the selected composition of the discrete acquisition cells, the
particulaie absorbent malerial of said désc;ete acqguisition cells exhibits greater dimensional
expansion, upon wetting, in one dimension than in ancther dimension.

{0011} in another aspect of the present invention, an absorbent structure is provided which

comprises a composite absorbent laminate comprising: (1) a carrier substrate comprising first and
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second fissue layers, (2) a mabrix of adhesive filaments, and (3} discrete acquisition cslls each
comprising particulate absorbent material.  The discrete acquisition cells are maintained in a
randomized configuration between the first and second tissue layers of the substrate by the
adhesive filaments. The absorbent structure preferably further comprises superabsorbent polymer
particles, wherein the discrete acquisition cells exhibit capillary suction that is less than a capillary
suction exhibited by the particles of superabscrbent polymer.

{0012 in accordance with the present invention, the superabsorbent polymer particles can
gither be blended in the matrix of said adhesive filaments and the discrele absorbent cells, or
alternately, the absorbent structure can include an absorbent layer having the superabsorbent
polymer particles, with the absorbent layer being positioned in liquid-transferring relationship with
said composite absorbent laminate.

{6013} Other features and advantages of the present invention with become readily
apparent from the following detailed description, the accompanying drawings, and the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{6014] FIGURE 1 a diagrammatic, perspective view of a disposable absorbent article
configured in accordance with the present invention; and
[0015] FIGURE 2 is a diagrammatic, cross-sectional view of the absorbent article shown in

FIGURE 1.

DETAILED DESCRIPTION OF THE INVENTION

{0016} YWhile the present invention is susceptible of embodiment if various forms, there is
shown in the drawings and will hereinafter be described presently preferred embodiments of the

invention, with the understanding that the present disclosure js intended as an exemplification of
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the invention, and is not infended to limit the invention fo the specifics embodiments disclosed
herein,

{0017] in accafdance.with the present invention, the provision of an absorbent structure
including discrete acquisition cells solves the problems by providing free volume for rapid capillary
absorption in an yltra-thin absorbent structure, on demand, as the structure absorbs fiquid. This is
done by incorporating discrete particles of a material that can rapidly increase in af least one
dimension when they come in contact with liguid. In most cases, particles made from higher basis
weight materials and applied at an effective basis weight less than the basis weight of the material
from which the particles were made perform much beifter than a coherent sheet of the same
material at the same effective basis weight. This Is because more freg volume can be generaled by
targer particles randomly oriented in the structure. Furthermore, it is not always practical to make a
coherent sheet of the desired materials at the lower effective basis weights desired for application
in an absorbent core.

{0018] In accordance with the present ihvention, an absorbent structure is disclosed
comprising a composite absorbent laminate comprising a carrier substrate, and a matlrix of
adhesive filament and discrete acquisition cells sach preferably comprising particulale cei%u!ésic
absorbent material. The discrete acquisition cells are maintained in a randomized configuration on
the substrate by said adhesive filaments. The discrete acquisition cells comprising celludosic
material may comprise at least one of. compressed cellulosic sponge particles; comprassed, cross-
linked or uncross-linked wood pulp fibers, crepecf tissus and paper; and shredded paper. Discrete
acquisition cells of non-cellulosic material may comprises particles or fragments of compressed,
synthetic fibers. Compressed particles can be dimensionally stabilized in dry form with the addition
of a binding agent such as microcrysialline celilose. In the preferred form, the carrier substrate
preferably comprises first and second tissue layers between which the matrix of adhesive filaments

and discrete acquisition cells is positioned.
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{0019] In the preferred practice of the invention, the absorbent structure having the
composite absorbent laminate comprises superabsorbent polymer particles. Notably, the discrete
acquisition cells exhibit capillary suction that is less than a capillary suction exhibited by particles of
superabsorbent polymer. In one form of the invention, the superabsorbent polymer particles are
blanded in the matrix of adhesive filaments and discrete acquisition cells. In an alternate form, the
absorbent structure comprises an absorbent jayer having the superabsorbent polymer particles,
with absorbent layer being positioned in liquiddtransferring relationship with said mmpc:site‘
absorbent laminate.

[0020] in one specific embodiment, the particulate absorbent material of the discrete
scquisition cells comprises compressed, particulate sponge material, wherein in sheet form the
sponge material exhibits a basis weight of about 400 grams per square meler. The particulate
sponge material in the absorbent matrix has an effective basis weight in the range of about 25-100
grams per square meter.

Deperiding upon the selected composition of the discrete acquisition cells, the particulate absorbent
material of said discrete acquisition celis exhibits greater dimensional expansion, upon wetling, in
one dimension than in another dimension. Preferably, a pile of particulate or granuile cellulosic
material of said discrete acquisition cells exhibits a free swell capacity of at least about 8
grams/gram, and a Centrifuge Retention Capacity of less than about 8 gramigram. The free swell
capacity and absorption under pressure of a pile of said particuiate cellulosic material of said
discrate acquisition cells, when hydrated, can retain approximately two times as much liquid as an
equivalent quantity of parent cellulosic material in undivided form. DAC's exhibit relatively large,
instantaneous increases in volume when wetted, unlike fluff pulp which collapses when wetled.
Like fluff pulp, however, DAC's reach more than 80% of their free swell capacity and absorption
under pressure in less than 60 seconds, and liquid spreads spontaneously through the dry
| parficulate material. A low cenirifuge retention capacity distinguishes said discrete celiulosic

acquisition cells from superabsorbent polymers. Superabsorbent pelymers have centrifuge
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retention values greater than about 25 g/g. The range of volume of individual DAC particles or
granules is of the order of 1 mm® to 10 mm® before wetting. Upon wetting they experience a large
“dimensional change in one dimension to instantaneously generate particies of high aspect ratio
which prise adiacent particles and surfaces apart to provide unexpectedly large increasss in the
free volume between DAC’s in a laminate structure.

[0024] Additionally, the particulate cellulosic material reaches at least 80% of its free swell
capacity in less than 80 seconds. The material is selected to be water wetlable, such that liquid
spreads spontaneocusly through the dry particulate material. Ih another aspect of the present
invention, an absorbent structure is provided which comprises a composite absorbent laminate
comprising: (1) a carrier substrate comprising first and second tissue layers, (2) a matrix of
adhesive filaments, and (3) discrete acquisition cells each comprising particudate absorbent
material. The absorbent structure further comprises superabsorbent polymer particles, wherein the
discrete acquisition cells exhibit capiltary suction that is less than a ca;ﬁiiary suction exhibited by
said particles of superabsorbent polymer. The superabsorbent polymer particles can either be
blended in the matrix of said adhesive filaments and the discrete acquisition cells, or altemately, the
absarbent structure can include an absorbent layer having the superabsorbent polymer particles,
with the absorbent layer being positioned in liquid-transferring relationship with said composite
absorbent laminate.

{00227 With reference now fo Figures 1 and 2, therein is illustrated in an exemplary
absorbent article 10 having an absorbent strﬁcture 12 configured in accordance with the present
invention. Absorbent article 10 is a diagrammatic lustration of a typical disposable absorbent
article or garment for infant or incontinence care. To this end, the absorbent article 10 includes a
typically liquid-impervious back shest 14 positioned bensath the absorbent structure 12, and a
fiquid-permeable top sheet 18 positioned on top of the absorbent structure.

{0023} i the typical construction, as Hllustrated, the absorbent structure of the article 10

includes a lower, ahsarbent core 20, typically comprising comminuted wood pulp, i.e., wood pulp
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fluff, and particulate superabsorbent {SAP) material. in accordance with a typical structure, the
absorbent structure 12 further includes an upper acquisition/distribution layer (ADL) 22, positioned
heneath top sheet 16, Acquisition layer 22 may comprise a synthetic nonwoven material, including
an apertured polymeric film, which acts to receive liguid, and distribute liquid within the absorbent
structure or article. Thereafter, fiquid is received and absorbed by the absorbent core 20, with the
superabsorbent polymer particulate material in the absorbent core acting to absorb and retain the
liquid.
{0024} in accordance with the present invention, the absorbent structure 12 includes a
composite absorbent laminate 30 operatively positioned between the acquisition layer 22 and the
absorbent core 20, in liguid-fransferring relationship therswith.
[o025] Absorbent core 20 could also be any layer of stabilized SAP particles, or absorbent
core 20 may not be required at all for some products.
{00261 The composite absorbent laminate 30 preferably comprises a substrate in the form
of first and second tissue lavers 32 with a matrix of filamentary or fibrous adhesive, and discrete
acquisition cells (DACs) positioned between the fissue layers 32, The discrete acquisition cells
preferably comprise particles or fragments of cellulosic absorbent materials, including but not
fimited to, compressed cellulosic sponge particles; compressed, cross-linked wood pulp fibers;
creped tissue and paper; and shredded paper, Discrete acquisition cells of non-cellulosic material
may comprise, for example, particles or fragments of compressed, synthetic fibers. The filamentary
adhesive of the composite laminate desirably acts to stabilize the discrete acquisition cells in the
laminate, while simultaneously adhering and integrating the tissue layers 32.
{0027} Formation of the composite absorbent laminate, including particulate discrete
acquisition cells, can be effected in accordance with the teachings of U.5. Patent Publication No.
2011/0162989, to Ducker et al., the disclosure of which is hereby incorporated by reference. This
publication discloses formation of an absorbent laminate comprising tissug layers, filamentary

adhesive, and particulate superabsorbent polymer.
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{0028] As discussed, the composite  absorbent faminate 30, including the discrete
acquisition cells, desirably functions fo provide free volume for rapid capillary absorption in an ulira-
thin absorbent siructure, on demand, as the siructure absorbs figuid through top sheet 16,
acquisition layer 22, and inio the lower absorbent core 20, This specific configuration of the
absorbent laminate 30 in order to provide functioning in this manner, is discussed further
hereinafter.

{0028] In one example of the present invention, discrete acquisition cells are formed from a
compressed sponge material that has a basis weight of about 400 grams per square meter {(gsm).
As used for the discrete acquisition cells, the particles in the structure are provided at an efiective
basis weight of only 25 — 100 grams per square meter. It is not technically feasible to process
coherent films or wabs of this type of material at such low basis weights. In ihis example, sponge
particles were formed to have a mean particle size of about 5 mm x 1 mm x 1 mm i.e. length x width
X thickness).

{0030] The discrete accidsition cells are partticles that absorb fiquid rapidly and provide a
farge, abrupt increase in at least one dimension when they come in contact with liquid. Except for
particles of superabsorbent polymers, which absorb very large quantities of liquid, most hydrophitic
materials will absorb only a fraction of their weight in liguid and swell less than 35% in any one
direction. An isotropic sheet of regenerated cellulose, for example, will experience about a 38%
fotal volume increase with increases in X, Y, and Z dimensions, whereas an oriented cotion fiber
will swell 10-18% in a radial direction but only a 1-2 % in the longitudinal direction.

{6031} Nonetheless, some speciai materials exhibit larger dimensional changes in one
dimension than would be expected as a result of the absorption of liquid. Furthermaore, when these
special materials are randomiy oriented in particulate form they can create g structure that creates
instantaneous free volume in the spaces belween hydrated particles.  Liquid fills the spaces
between particles rapidly due to capillary forces, This type of absorption occurs much more rapidly

than the relatively slow diffusion of fiquid into a superabsorbent polymer. Capillary absorption in a
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discrete acquisition cell structure occurs on a tme scale of 1-5 seconds whereas diffusion
absorption in a superabsorbent polymer occurs on a time scale of 5-10 minutes. While there are
some superabsorbent polymer materials that absorb liquid very fast, they have other negalive
characteristics and are not in widespread use in absorbent products. Among these negatives is
that these superabsorbent polymers gel block during hydration and are not effective for handling
high-volume, multiple doses of liquid. Again, discrete acquisition cells in accordance with the
present invention preferably exhibit nearly instartaneous increase in one dimension of a particle
when contacted with liquid and can absorb high-volume, multiple doses of liguid.
{0032} Farticles of absorbent material made from higher basis weight sheets provide
functionality in a laminate that is not possible with uniform layers of the material at the same
effective basis weight. This is because a random orientation of discrete particles provides for a 3-
dimensional area change, or a volume increase, which is not pessible with a thin orfented sheat of
the same material.
{0033} An imporiant advantage of discrete acquisition cell structures over fast-absorbing
SAP's is that over time, liquid partitions from the free volume in the discrete acquisition celf
structure to the associated superabsorbent polymer in the absorbent structure, regenerating free
valume in the laminate for effective acquisition of multiple doses of liguid. Fast-absorbing SAP’s do
not function in this manner, and do not work well for multiple doses of Eir.%uid.
{0034 As noted, absorbent structures formed in accordance with the present invention
include discrete acquisition cells that are mixed or blended with particulate superabsorbent, or
discrete acquisition cells provided in & separate laminate, either of which can be efficiently formed
by a process which adhesively laminates particles between layers of tissue or nonwoven fabric. i
is contemplated the formation process itself can include means for compressing and binding
discrete acquisition cebi!s DAC’s in sifu.
{0035} Thus, the composite absorbent laminate of the prasent invention includes three

component: upper and lower layers {of tissue or nonwoven), and an adhesively-bound absorbent
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fayer comprised of superabsorbent polymer particles and discrete acquisition cells, or discrete
acquisition cells alone.

[0036] Materials for laminate are porous fissus, adhesive, and superabsorbent polymer.
Materisls for discrete acquisition cells include compressed cellulosic sponge (processed by
industrial Commercial Supply, Akron, OH), creped fissue, creped paper (Domtar), celiulosic
acquisition fiber and other cellulosic materials. 1t is within the purview of the present invention that
the discrete acquisition cells be formed of non-cellulosic materials, including synthetic fibers such
as crimped polyester fibers cut from a continuous fiber tow.

{0037} Absorbent particles can be compresséd and held together with suéerabsorbent
particles, micro-crystalline cellulose {as in medicinal tablets), high molecular weight giycols, and
other binders which provide rapid dissolution on welling. Compressed, resilient polyester fibers
could be bound together under compression with micro-crystalline cellulose powder and cut info
discrete acquisition cells for processing into a SAP/DAC laminate.

{0038] An increase in the dimension of randomly oriented particulates in & thin absorbent
structure creates free volume for rapid liquid uptake. Run-off Test and Demand Absorbency Test
(GATS) provide key measures of performance.,

[0038] To produce the composite absorbent laminate 30 of the present invention, hot melt
adhesive is used {o laminate a substantially centinueus'iayer of particles between two layers of
tissue substrates to form a sandwich structure.

{00407 In a preferred practice, the laminate of the present invention is made by forming the
adhesive into microfibers or filaments using one of the meltblown processes commercially available
from hot melt equipment nﬁanufacturers such as Nordson or 1TW Dynatec {o produce a random
curtain of hot melt adhesive microfibers, and then mixing those fibers with discrete acquisition cell
particles, and optionally with superabsorbent polymer particles which have been metered by any
one of the volumetric or gravimetric metering equipment commercially available by equipment

suppliers such as K-Tron or Acrison. Forming the particles into a flattened falling stream and
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mixing it with the flat curtain of adhesive fibers produced by the hot melt equipment produces a
uniform basis weight. This mixture is deposited ente a moving tissue substrate and then another
tissue subsirate is placed on top of the tacky mixture which the adhesive fibers are still tacky fo
form a sandwich.
[0041] The preferred hot melt adhesive is desirably a pressﬁre»sensitive hot melt adhesive
of a type designed and suitable for use in construction of absorbent hygiene articles made in typical
high-speed converting processes.
{0042} fn a preferred embodiment, the hot melt application equipment provides a sufficient
degree of fiber attenuation and available glue fiber surface in order to capture the particles so that
few are unattached. It has been found that typical commercial application equipment is sasily
capable of this when set up by those skilled in the art.
{0043} The superabsorbent polymer can be any type designed for use in disposable
absorbent articles well known to those skilled in the art used as supplied by the manufacturers.
These commercially available superabsorbent polymer types are generally designed to work well in
wood pulp fluff / SAP cores and have particle size distributions that are designad to provide good
core permeability {favoring larger particles) , but also not easily felt or seen in a diaper product
(favering smaller particles). These commercially available particle size distributions are suitable for
use in the dryness layer of the present invention for the same reason they are suitable for use in
fluff / SAP cares, -
{00441 Adhesive content is ideally kept to a minimal level. Adhesive add-on shouid not
sxceed 3.5% of the basis weight of the SAP, and more ideally would be kept below 3% of the SAP

and even more ideally would be kept below 2% of the SAP basis weight.



WO 2014/144047 PCT/US2014/028292

43~

Examples and Test Methods

General Laminate Preparation

{0045} General Laminate Preparation was made as a continuous web by unwinding a 10.5#

3995 tissue substrate with a basis weight of around 17gsm from Clearwater Paper and feeding it at
about 100 meters per minute.  SP 807 hot melt adhesive from Savare was meited'and processed
through an ITW Dynatec hot melt glue system with a UFD head fitted with Omega 5,5 nozzles and
sprayed at a roughly 45-degree angle onto the moving tissue web from a distance of about 3~
inches. A continuous stream of SAP was continuously meterad using volumetric means and was
formed into a flattened stream about 10 mm thick directed at a 45-degree angle fo infersect with the
hot maelt adhesive stream at about 20mm above the web, causing the SAP fo mix with the adhesive
fibers and be deposited together onto the moving tissue. The SAF was fed at an add-on of 30gsm
and the adhesive was fed at an add-on of 0.8 gsm.

{00483 A second similar layer of SAP and adhesive, again at 30gsm and 0.8gsm add-on
respectively was deposited in a similar manner on top of the first.

{0047} A second layer of 3995 fissue was fed at a rale matching the speed of the

continucus web and was laminated

Example Laminales

{6048} Example Laminates listed in each fable below as containing either S125D or Witz
SAP were made according to General Laminate Recipe 1. In samples listed in each table that
contain these SAPs along with DAC's, these were made by taking hand sheet sampies of each of
these laminates, opening them manually, adding weighed quantiies of DAC manually, and re-
sealing them manually.

j0049] Samples listed in the tables below made with 10SH-PB SAP or made with DAC's
and no SAP were made manually as hand sheets using 3995 tissue, SAP, and DAC’s as shown.

Minimal quantities of 3M spray contact adhesive was used fo stabilize these last samples.
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Liguid Run-Off

{0050} A Liquid Run-Off test» was used o obtain a measure of the ability of an absorbent
core to rapidly absorb liquid spreading freely over its surface at a 20° incline. Samples of test
matertal were cut to 100 mm by 250 mm and secured fo a 150 mm by 300 mm cast acrylic plate,
which was then placed on the incline such that the long dimension of the sample was orfented in
the direction of the incline. A peristaltic pump was used to dose the samples with 80 mi of a 0.9%
saline solution at 7 mifsecond. The temperature of the saline solution was 22 degrees C, A dosing
tube with an internal diameter of 8.5 mm was positioned 10 mm above and perpendicular to the
surface of the sample at the upper end of the incline. A container was placed below the sample to
catch the liquid run-off when dosing the sample. Liquid Run-Off was determined by weighing the
mass of liguid (+/~ 0.1 g.) collected in the container. In some tests, Run-Off was determined for a
single B0 mi dose. In other tests, the samples were dosed three times, 80 mi per dose, with 30

minutes between each dose; the mass of the fiquid runoff was recorded after each dose.

Dermand Absorbency (Specific Capacity and Specific Rate of Absorption)

{0051} Demand absorbency measured the rate of absorplion and capacity of liguid
absorbed by Discrete Acquisition Ceils (DAC's) as well as parent sheets of materials used to create
the DAC's. The test was performed using a Model MKS00 Gravimetric Absorbency Test System or
GATS manufactured by MK Systems, Peahody, MA. A circular sample of &0 mm diameter was cut
from a parent sheet of the material and placed in g cylindrical cell. The cylindrical cell had a screen
on the bottom to contain the sample. The same cell was used fe hold DAC's, which could be added
in appropriate amounts to achieve a desired effective basis weight of the material. Constraining
weights were placed on the surface of the samples fo apply either a 0.3 psi or a nominal pressure
to the samples during a test. Demand absorbency of a sample was determined by placing the

eylindrical cell containing a sample on a fritted glass plate at O mm hydrostatic tension. The 78 mm
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thick VitraPOR fritted glass plate had a porosity of Class 0 (1S0/4783 P250, 160 ~ 250 um).
Specific Capacity (g/g) was determined from the fotal amount of a 0.9% saline solution at 22
degrees C. absorbed by the test sample divided by the mass of the sample in'the cylindrical cell.
Specific Rate of Absorption {g/g/sec) was determined from the slope of the linear portion of a chart

of mass of liquid absorbed vs. square root of time for demand absorbency.

Free Swell Capacity and Centrifuge Retention Capacity (CRC)

{60523 Two grams of dry éampie material were placed in an 8 gsm synthelic fiber
nonwoven tea bag which was ultrasonically sealed to contain the sample. The sample was soaked
in 0.8% saline solution at room temperature for 5 minutes. The bags were hung from a draining
rack for § minutes and weighed to determine the amount of liquid absorbed. Free Swell Capacity
was expressed as mass of liguid absorbed per mass of sample material (+/- 0.1 g/g). After that, the
bags containing the samples were run through a spin cyde of a Fisher and Payks! Ecosmart Model
WAS37T26G washing machine for 435 seconds. The spin cycle of the washing machine operated at
670 rpm. The rotor diameter of the washing machine was 10.8 inches. Individual bags containing
the samples were reweighed after the spin cycle to determine amount of liquid retained. Centrifuge
Retention Capacity was expressed as mass of liquid abserb_ed per mass of sample material (+/- 0.1

afg).

Dimensional Change during Liguid Absorption

{0053] The invention requires materials that preferably exhibit instantansous and large
changes in at least one dimension during absorption of liquid. The compressed sponge DAC used
in these examples was a cellulosic sponge from 3M Company, St Paul, MN, that had an
uncompressed density in the range of 0.040 - 0.055 g /cc. The material was cut into thin sheets of
basis weight in the range of 350 — 450 gsm and compressed in a proprietary process at industrial

Commercial Supply, Akron, OH. The 58 b, FB paper had a dry {ensile strength of 29 and 21



WO 2014/144047 PCT/US2014/028292
~4B-

ibs.fin., for MD and CD respeactively (Tappl 7494 Test Method); the porosity was 8 sec /100ce
{Tappi T480 Test Method). The compressed cellulosic acquisition fiber was obtained from a
Pampers Cruisers baby diaper manufactured by Procter & Gamble, Cincinnati, OH.  Other
celiulosic acquisition fibers could also be used, providing they exhibited centrifuge retention
capacity or water retention values that were less than 65% of the values for conventional fluff pulp
fibers. These materials are then reduced fo particulate form and used as an absorbent layer in a
laminate structure. Materials of a given thickness were cut to 5 mm length x 1 mm width in a Clary
2200D, Class 8, paper shwedder. Note that the compressed sponge expanded 7.5X its original
thickness on welting and that the high-basis weight creped papers (le. 58 Ib and 58 b FB)
expanded 1.5 ~ 2.1 X their original length on wetling.

TABLE 1. increase in Dimension of DAC's on Wetling

: Relative Length - |  Relative Width Relative Thickness
DAC Material Increase on Wetting | Increase on Wetting Increase on Weftting
Sponge
Compressed Nominal Norminal Nominal
Sponge Nominal Nominal 7.5X
58 b Nominal Nominal Nominal
Creped 58 b 21X Nominal Nominal
58 FB Nominal Nominal Nominal
Creped 58 b FB 18X Nominal Nominal
Tissue Nominal Nominal Nominal
Creped Tissue 1.3X Nominat Nominal
Compressed Naminal Nominal 4.6 X
Celiulosic
Acguisition Fiber
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DAC's in Single-Layer Laminates and as a Separate Layer

{0054] Examples of the use of discrete acquisition cells are given in two configurations: (1)
DAC's and SAP were mixed in an absarbent fayer and athesively bonded between two layers of
porous tissue; and, (2) a separate adhesively-bonded laminate was made only with DAC’s and was

placed on top of an adhesively-bonded laminate made only with SAP; both of these laminates were

made with porous tissue with a Frazier Porosity of greater than 15083/minft2.

8.3.1 DAC’s and Superabsorbent Polymer in a Single-Layer Laminate

6.3.1.1 Liquid Run-Off

{0055] Liquid Run-Off of a laminate made with 80 gsm of S125D, a granular
superabsorbent polymer exhibiting an intermediate Centrifuge Retlention Capacity (CRC) and
intermediate rate of absorpion compared o those used in the industry, was 50.86 g. out of a
possible 80 g. dose (TABLE 2). A pooled standard deviation for these fest results was 1.6 g.
W211, a granular SAP with a higher rate of liquid absorption than that of 51250, exhibited more
Run-Off than the S125D. it was noted that the mean particle size of W211 was significantly greater
than that of $128D, i.e. 450 pm for W211 and 380 um for S125D. Aqua Keep 108SH-PB was a
different type of SAP made from an agglomeration of very fine particles. it had a very high rate of
tiquid absorption and performed well in a Run-Off test.  These materials did not, however, perform

well after multiple doses of liquid (TABLE 3).
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TABLE 2. Effect of DAC Basis Weight in Single-Layer Laminate on Liquid Run-Off

Sample | Type of DAC BW | Absorbent Mean | SAP B‘W 1 Mean
N DAC {gem} Layer SAP Particle {gsm} | Run-Off
0. .
Size {pm) )
1. None 8 $125D 380 60 50.8
2. None ¢ W211 450 60 60.1
3. None 0 108H-P8 - 60 <
4. Sponge 25 S1250 380 60 31.3
5. Sponge 50 S1250 K 80 27.0
8. Sponge 100 51250 380 50 2.
[6086] incorporation of a compressed sponge discrate acquisition cells into a single-layer

tfaminate significantly decreased (i.e. improved) the Run-Off of liquid (TABLE 2). Furthermore, the
improvement was a function of the basis weight of the sponge DAC that was incorporated into the
laminate with 80 gsm of 51250 SAP. For a DAC basis weight of 100 gsm, the mean Run-Off was
only 17.5 g. of the total B0 g. applied {o the laminate. Note that good levels of performance were
achieved in the range of 25 — 100 gsm of compressed sponge DAC. The basis weight of sheets of
compressed sponge used o make the DAC's was about 400 gsm. It would not be possible to

provide sheets of the compressed sponge at such low basis weights.
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TABLE 3. Muitiple-dose Run-Off data {3X 80 mi doses) for fast absorbing
superabsorbent polymer and DAC’s in a two-layer laminate structure

I. i_ :‘ .- ‘ Runhoﬁ (g} : ‘:. ._ - .
o : :"g?tf  _ ° 2nd 3rd :. Totai
One layer of 60 gsm 10SH-PB
3 41 88 112

fast-absorbing superabsorbent polymer

One layer of 50 gsm compressed sponge
DAC's & one layer of 80 gsm z 20 35 57
51250 superabsorbent polymer

{0057 TABLE 4 shows the effect of SAP hasis weight on Run-Off for single-layer laminates
made with 50 gsm of the compressed sponge DAC. The Run-Off of a laminate containing 50 gem
of the sponge DAC's, without any superabsorbent polymer, was only a little betler than that
obtained for the laminates with superabsorbent polymer only. Run-Off was greatly improved when
DAC's and superabsorbent were used together in the absorbent layer of the same laminate. These
data indicate an unexpected synergistic interaction between the DAC's and SAP in the laminate.
The total basis weight of material in the absorbent layer of laminate #5 in TABLE 4 was oniy 95
gam, Le. 50 gsm of DAC and 45 gsm of SAP, and exhibited a Run-Off of 24.4 g. .By comparison, a
laminate containing 125 gsm of superabsorbent polymer, and no DAC’s, had a hiéher value of Run-

Off at 44.8 g.
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TABLE 4. Effect of SAP BW in Single-Layer Laminate on Liguid Run-Off

: ‘ o : ' , Meﬁan" :

Sample Type of DACBW | Absorbent | SAFBW | Rupn-Off
) No g DAC {gsm) Layer SAP {gsm) Hg)’

1. Nong 0 S125D 45 458

2. None 0 S1250 60 50.8

3. None 0 S1250 125 44 .8

4, Spange 50 None G 42.3

5. Sponge 50 $1250 45 24.4

8. Sponge 50 S125D 80 27.0

7. Sponge 50 51250 125 227

8.3.1.2 Demand Absorbency

[0058] A Gravimetric Absorption Test System or Model MKS00 GATS manufactured by M/K
Systems ir‘m. was used to measure the rate and extent of liquid absorption of compressed sponge
DAC's used in the present invention. TABLE 5 provides a comparison between the parent sheet
material and DAC particulates cut from the parent sheet. The basis weight of the parent sheet
material was 360 gsm. It was not possible o obtain shests of this material at a lower basis weight.
Discrete acguisition cells cut from the parent sheet were tested at two basis weights. An effective
basis weight of 100gsm was tested because it has been used in preferred embodiments of the

current invention and a basis weight of 3680 gsm was tested for comparison with the parent sheet at

the same basis weight. The tests were done at nominal pressure and at a pressure of 0.3 psi.
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[0059] At nominal pressure the rate of liquid absorption of the parent shest was greater
than that for the DAC’s (TABLE 8), However, at 0.3 psi, a pressure frequently encountered in
actual product use, the rate of absorption of the DAC’s was greater than that of the parent sheet. A
pooled standard deviation for these Specific Rate of Absorption data was 0.02 glgfeec. Specific
fiquid absorption capacities (gfg) of the DAC’s exceeded those of the parent sheet at both
pressures and basis weights. Even under a pressure of 0.3 psi, the demand absorbency of the
DAC’s was more than 2X that of the parertt sheet material. A pooled standard deviation for these
Specific Capacity data was 0.3 gfg. These unexpected increases in specific liquid absorption

capacities for the DAC’s are a fundamental feature of the present invention.

TABLE 8. Demand absorbency of compressed sponge DAC’s compared fo parent

sheel material

Parent Sheet Discrete Acquisition
SRR ‘ Cells (DAC's)
_ Pressﬁre _ _ : |
’ ' 360 gsm 100 gsm 360 gsm 100 gsm
Specific Rate
Liquid absorbed | O ABSTPYON | g 4 - 0.13 021
at nominal pressure (glg/sec)
Specific 6.3 - 7.2 18.2
Capacity {g/g)
Speciiic Rate
Liquid absorbed | Of ABSOrBtion 14 44 - 0.18 0.67
at 0.3 psi lg/g/sec)
Specific 3.9 - 8.3 9.3
Capacity {g/g)
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Liquid Run-Off

[0060] TABLE 8 shows the Run-Off obtained for two layers of adhesively-honded laminates.
The upper layer was made with 50 gsm of various DAC's and the lower layer was made with 60
gsm of S125D superabsorbent polymer. No adhesive was used between the laminates. For
comparison, Sample #3 in TABLE 8 provides a structure which is typical of conventional
technology. Here a 80 gsm laver of a through-air-bonded, or TAB, acquisition/distribution layer, or
ADL, was placed on the surface of a laminate made with 80 gsm of $125D 8AP. The Run-Off of -
Sample #3, comprised of an upper layer of Sample #2 and a lower layer of Sample #1, was 40.7 g.
The 80 gsm TAB ADL provided some improvement in fiquid Run-Off versus Sample #1 with no
upper layer at all.

[0061] A single layer containing only 50 gsm of the compressed sponge DAC's exhibited a
Run-Off of 42.3 g. When that laminate was placed on i@p of a bottom layer of Sample #1 the Run-
Off was reduced fo a value of 17.1 g. This was a better resulf than that of a single laminate
comprised of a mixture of 60 gsm SAP and 50 gsm of the compressed sponge DAC's, which
exhibited a Run-Off value of 27.0 g. This improvement in Run-Off was due to the performance of
the DAC’s. it cannot be accountad for by two additional layers of porous lissue in the two-laminate

structure.
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TABLE 6. Effect of Type of DAC in Separate Layer on Liquid Run-Off

e | teeertaer | VR ek | sae | MoRG

R gsmy . | BW i

1. None 0 S128D 60 50.8
2. TAB ADL 80 None 0 62.6
3. TAB ADL 60 S1250 80 40.7
4. Compressed Sponge 50 None 0 423
5. Compressed Sponge 50 51250 80 174
5. Greped Tissue 50 §125D 60 111
7. 58 ib Crepsd 50 51250 80 18.2
8. 58 tb. FB Creped 50 81280 80 17.9
9. UFS Uncreped 50 S128D 80 255

[0062] Samples #6, #7, and #8 in TABLE 6 compare the Run-Off performance of two-layer

structures made with an upper laminate confaining DAC’s made from creped tissue and creped
papers. These combinations provided excellent results. Liquid Run-Off was only 11.1 ¢. for DAC's
made from parent sheets of 20 gsm creped tissue. These creped tissue DAC's are different from
the compressed sponge material in that the parent sheet material is available at low basis weight
{e.g. 20 gsm),

[00863] it was possible o make DAC’s from multiple layers of creped tissue so as o

increase the thickness of individual DAC particles of creped tissue. This can provide an opportunity
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to provide DAC's to reduce Run-Off even more than that exhibited by DAC's made from only a
single layer of creped tissue.

{6064} It is believed that DAC’s made from higher basis weights of creped papers may io
exert greater forces than tissue on adjacent particles when constrained in an absorbent layer. The
Run-Off performance of two different two-ayer structures sach made with an upper laminate
containing DAC's made from different types of a &8 lb /ream creped paper {i.e. about 873 gsm)
generated Run-Off values of 18.2g. and 17.8 g

[0065] Finally, the Run-Off of a two-layer structure made with an upper laminate containing
DAG’s made from uncoated free sheet (UFS) copy paper.of 78 gsm was unexpectediy good at a
yalue of 25.5 g. This paper had not heen creped and did not exhibit a large dimensional change on

wetting,

TABLE 7. Centrifuge Retention Capacity of Discrete Acquisition Cell Materials

Free Swell Capacity Centrifuge Reteﬁﬁon Capacily
(7o) I {9/g)
Compressed Spange 20.6 1.9
Creped tissue 15.8 1.3
UFS Uncreped 104 1.3
Fast 108SH-PB SAP T 85 40
Typical 31250 SAP T 60 34

1 EDANA Test Method WSP 241
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{o066] From the foregoing, it will be observed that numerous modifications and variations
can be effected without departing from the frue spirit and scope of the novel concept of the present
invention. # is to be understood that no limitation with fespect to the specific smbodiments
disclosed herein i3 intended or should be inferred. The disclosure is intended to cover, by the

appended claims, all such modifications as fall within the scope of the claims.
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CLAIMS

WHAT IS CLAIMED |S:

1. An absorbent structure, comprising:

an absorbent core; and

a dryness layer laminate positioned in liquid-transferring relationship with said
absorbent core,

said dryness layer laminate comprising a carrier substrate, and a matrix of
superabsorbent particles and adhesive filaments, with said superabsorbent
particles stabilized on said carrier substrate by said adhesive filaments,

said dryness layer laminated cooperating with said absorbent core to permit
passage of liquid through said dryness layer for retention of the liquid by the
absorbent core, said superabsorbent particles in said dryness layer functioning to
enhance surface dryness of the absorbent structure,

said superabsorbent particles of dryness layer laminate having a basis weight
between about 40 and 130 grams per square meter, wherein said dryness layer
laminate exhibits liquid permeability of at least about 40 seconds for Anarewet

acquisition time test.

2. An absorbent structure in accordance with claim 1, wherein
a coefficient of variation (COV) of the basis weight of said superabsorbent
particles in said dryness layer laminate is greater than about 5%.

3. An absorbent structure in accordance with claim 1, wherein

said carrier substrate of said dryness layer laminate comprises tissue having a
basis weight of no more than about 20 grams per square meter, and a Frazier
porosity of at least about 120 ft*/min/ft>.

SUBSTITUTE SHEET (RULE 26)
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An absorbent structure in accordance with claim 2, wherein

said carrier substrate comprises first and second layers of said tissue, with said
matrix of superabsorbent particles and adhesive filaments positioned between
and joining said two layers of tissue.

An absorbent structure in accordance with claim 1, wherein

said adhesive filaments of said dryness layer laminate comprise no more than

about 4 weight per cent of the superabsorbent particles.

An absorbent structure in accordance with claim 5, wherein

said adhesive filaments of said dryness layer laminate comprise no more than
about 3 weight per cent of the superabsorbent particles.

An absorbent structure in accordance with claim 1, wherein

said absorbent core comprises a blend of cellulosic fibers and particulate

superabsorbent.

An absorbent structure comprising:

an absorbent core;

an acquisition layer; and

a dryness layer laminate positioned in liquid-transferring relationship between
said acquisition layer and said absorbent core,

said dryness layer laminate comprising a carrier substrate including first and
second tissue layer, and a matrix of superabsorbent particles and adhesive
filaments, with said superabsorbent particles stabilized between said first and
second tissue layers of said carrier substrate by said adhesive filaments,

SUBSTITUTE SHEET (RULE 26)
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said first and second tissue layers of said carrier substrate each having a basis
weight of no more than about 20 grams per square meter, and a Frazier porosity
of at least about 120 ft*/min/ft?, and said adhesive filaments of said dryness layer
laminate comprising no more than about 4 weight per cent of the superabsorbent
particles,

said superabsorbent particles of dryness layer having a basis weight between
about 40 and 130 grams per square meter, wherein a coefficient of variation
(CQOV) of the basis weight of said superabsorbent particles in said dryness layer
laminate is greater than about 5%,

said dryness layer laminate cooperating with said absorbent core to permit
passage of liquid through said dryness layer for retention of the liquid by the
absorbent core, such that the dryness layer laminate retains an amount of liquid
that is less than 60% of its Absorption Under Pressure capacity at 0.3 psi in the
Anarewet acquisition test, said superabsorbent particles in said dryness layer
laminate functioning to enhance surface dryness of the absorbent structure.

An absorbent structure in accordance with claim 8, wherein

said adhesive filaments of said dryness layer laminate comprise no more than
about 3 weight per cent of the superabsorbent particles.

An absorbent structure in accordance with claim 8, wherein

said absorbent core comprises a blend of cellulosic fibers and particulate
superabsorbent.

An absorbent structure in accordance with claim 8, wherein

said dryness layer laminate comprises a sufficient quantity of said
superabsorbent particles to yield at least 1200 grams per square meter
centrifuge retention capacity (CRC) in 0.9% saline solution to enhance removal
of liquid from said acquisition layer.

SUBSTITUTE SHEET (RULE 26)
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An absorbent core system, comprising:

a. an absorbent core comprised of cellulosic fibers;
b. atleast one synthetic nonwoven layer; and
c. adryness layer laminate, disposed between said absorbent core and said
synthetic nonwoven layer, comprised of:
I. first and second layers of tissue substrate,
ii. a mixture of superabsorbent polymer and hot melt adhesive fibers
between said first and second tissue substrates, and
iii. superabsorbent polymer particles having a basis weight of between
about 40 grams per square meter and 130 grams per square meter,
wherein said dryness layer laminate exhibits a basis weight COV
between 10% and 25%,

wherein the only cellulosic fiber disposed between the superabsorbent polymer
particles in said dryness layer laminate and said synthetic nonwoven layer is that
cellulosic fiber which comprises said first and second tissue substrates of said
dryness layer laminate.

An absorbent core system, comprising:

an absorbent core comprising upper and lower layers, each of said upper and
lower layers comprising a blend of wood pulp fibers and superabsorbent polymer,
said superabsorbent polymer in said upper layer comprising about 35 weight per
cent of said blend of wood pulp fibers and superabsorbent polymer in said upper
layer, and exhibiting a centrifuge retention capacity of less than about 30
grams/gram,

said superabsorbent polymer in said lower layer comprising about 9 weight per
cent of said blend of wood pulp fibers and superabsorbent polymer in said lower
layer, and exhibiting a centrifuge retention capacity of at least about 40

grams/gram; and

SUBSTITUTE SHEET (RULE 26)
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a dryness layer comprising a substrate, filamentary adhesive, and
superabsorbent polymer stabilized on said substrate by said filamentary
adhesive, said absorbent core system exhibiting a Fourth Dose Rewet value less
than about 1 gram, and a Fourth Dose Plate Wetness of less than about 0.1

grams.

An absorbent core system in accordance with claim 13, wherein

said superabsorbent polymer of said dryness layer has a basis weight about 54
grams per square meter, and exhibiting a centrifuge retention capacity of about
30 grams/gram.

An absorbent core system in accordance with claim 13, wherein

said absorbent core system is devoid of an acquisition layer positioned above

said dryness layer.

An absorbent structure in accordance with claim 1, wherein

said dryness layer laminate exhibits liquid permeability of at least about 10 grams
absorbed after 100 seconds for GATS demand absorbency test.

SUBSTITUTE SHEET (RULE 26)
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