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PROCESS OF MAKING ABSORBENT STRUCTURES
AND
ABSORBENT STRUCTURES PRODUCED THEREBY

FIELD OF THE INVENTION
This invention relates to a process for producing an absorbent structure having both
osmotic and capillary absorbing capabilities More particularly, the process relates to a
way to make an absorbent structure having a patterned combination of capillary and
immobilized osmotic absorbing capabnhtxes

BACKGROUND OF THE INVENTION

Absorbent structures comprising a capillary absorbent substrate and having an
osmotic absorbent applied thereto are known in the art. As used herein, a "capillary"
absorbent absorbs liquids, such as water, by capillary attraction of the liquids due to the
thermodynamic force of attraction between a liquid and the solid surface of the capillary
medium. In contrast, as used herein, an "osmotic" absorbent absorbs liquids deposited
thereon by transfer of the liquids across the periphery of the osmotic absorbent, forming a
gelatinous. substance which imbibes the, liquids. As used herein, an "absorbent structure"
refers to materials which, i in combination, absorb liquids by both- osmotic and capillary
absorptions. .

The osmotic absorbent may be made from monomers selected from the group
consisting of acrylic acid, starch grafted acrylate co-polymers, etc. Such osmotic
absorbent materials are commonly used as absorbent gelling materials or superabsorbers in
disposable absorbent articles such as diapers and sanitary napkins. The osmotic absorbent
may be applied to the capillary substrate in the form of a liquid precursor, to be later cured
into an osmotic absorbent. -

The capillary absorbent may be provided in the form of a substrate, for the osmotic
absorbent to be later applied thereupon. Typically the capillary substrate is a generally
planar, almost two-dimensional material, such as paper, nonwoven fabric, woven fabnc or
even formed film. '
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capi | lary 30 absdypicallynshe liquid precursor is app xed to the capillary substrate by spraying,

10 impregnation, etc. to provide a uniform coating thereon. Other teachings in the art
suggest discontinuous applications of the liquid precursor to the capillary ‘substrate
through brushing, roller coating, etc. Once the liquid precursor is applied to the capillary
substrate, the liquid precursor may be crosslinked through elevated temperature,
irradiation, etc., to form the osmotic absorbent.

15 Exathples of such attempts in the art include U.S. Patents: 4,008,353 issued
February 15, 1977 to Gross et al.; 4,061,846 issued December 6, 1977 to Gross et al.;
4,071,650 issued January 31, 1978 to Gross; 4,835,020 issued May 30, 1989 to Itoh et al.;
4,842,927 issued June 27, 1989 to Itoh et al.; 4,865,886 issued -September 12, 1989 to
Itoh et al; 4,892,754 issued January 9, 1990 to Itoh et al; 5,079,034 issued

20 November 21, 1988 to Miyake et al. and Great Bntam Patent 1,452,325 published
October, 1976 in the name of Triopolis.

However, difficulties can arise in the prior art method of applying the liquid
precursor to the capillary substrate. For example, it is difficult to spray the liquid
precursor onto the capillary substrate in a precise pattern. Printing the osmotic absorbent

25  onto the capillary substrate may result in a pattern having greater definition and precision
than obtainable by spraying, but requires a printing roll having gravure plates or raised
protuberances. Printing rolls having gravure plates or raised protuberances limit the
pattern of the applied osmotic absorbent to that pattern corresponding to the gravure
plates or the protuberances of the printing roll, regardiess of what pattem may be desirable

" 30 for a particular substrate.

This problem may be overcome by providing a plethora of printing rolls, one for
each desired pattern. However, once the drying belt is fixed, such provision increases the
expense of the apparatus to a point where it may not be economieally feasible to provide a
gravure roll or flexographic roll for each desnred pattern if only a short production run is

35  desired.

Accordingly, it is an object of this invention to overcome the problems presented by
the prior art. Particularly, it is an object of this invention to provide an osmotic and
capillary absorbent structure which resists gel blocking and which more efficiently utilizes
the entire capacity of the absorbent structure. Further, it is an object of this invention to

40  provide an absorbent structure which is more easily and precisely manufactured than those



The -osnoti c absorbent may be made from nononers sel ected fromthe group
consisting of acrylic acid, starch grafted acrylate co-polyners, etc. Such
osnotic . absorbent materials are commonly used as absorbent gelling
mat er'i al s or superabsorbers in di sposabl e absorbent articles such as
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5 according to the pnor art. ﬁnalﬁ', itisan &je(:? of this invention to provide a process for

manufacturing an absorbent structure having the osmotic absorbent registered with
discrete regions of the capillary substrate.

_ SUMMARY OF THE INVENTION

10 The invention is a process: for producing an absorbent structure having osmotic
absorbing capability and capillary absorbing capability. The process comprises the steps of
providing a transfer roll and an anvil roll. The two rolls are disposed, preferably in axially
parallel relationship, so that a gap is formed between the two rolls. Liquid precursor is
provided on the periphery of the transfer roll.

15 A capillary substrate is also provided. The capillary substrate is passed through the
gap so that there is a relative difference in position within the gap between predetermined
regions of the capillary substrate and corresponding regions of the transfer roll. The

_ predetermined regions of the capillary substrate: cbntact' the corresponding regions of the
" transfer roll, so that liquid precursor is transferréd from the correspondmg regions of the

20  transfer roll to the predetermined regions of the gap.

- In a preferred embodiment, the capillary substrate has topographically elevated

_regions. The capillary substrate is passed through the gap between the transfer roll and the

~ anvil roll, such that topographically elevated regions are oriented toward the transfer roll
while the capillary substrate is in the gap. The capillary substrate rests against the anvil

- 25  roll while it is passed through the gap between the transfer roll and the anvil roll. Liquid
precursor is applied to the topographically elevated regions of the substrate from the
periphery of the transfer roll while it is in the gap.

In an alternative embodiment, the transfer roll may have protuberances and the

capillary substrate is generally planar and does not have topographically elevated regions.

30 The liquid precursor is transferred from the protuberances of the transfer roll to the
regions on the capillary substrate contacted by the protubemnces

The liquid precursor is then polymerized to form an immobilized osmotic absorbent
' on the substrate. The liquid precursor is polymerized in situ and thereby immobilized on
the topographically elevated regions to which it was applied. '

35 In a preferred embodiment, the process further comprises the steps of providing a
metering roll and a resgfvoir. The'liquid precursor is disposed in the reservoir. The
metering roll is disposed, preferably in axially parallel and contacting relationship with the
transfer roll, to form a iﬁp between these two rolls. The metering roll is disposed in the
liquid precursor in the reservoir, so that upon rotation of the metering roll liquid precursor



2 5 Gener al | y, the osnotic absorbent material may be applied to

the capillary substrate as a fluid precursor, such as a liquid
nmononer, then crosslinked to form an absorbent pol yneric material .
Usual1y, tthe liquid precursor is applied to the caplllary Substrate in a
fluid formand conprises sone -form of acryllmalts

Typically, the liquid precursor is applied to mhgeamgﬁeg{g strate by
spraying, 10 inpregnation, etc. to provide a u hereon

O her teachings in the art suggest di%cont l’uyuﬂﬂﬂm ions of the
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substrate, the Lig PGifi the TeselUbir Bf titef Periph &'t r%ls%} x%leo?t Gs ent
terrperaturé 5 i on, e osrm I'C absor s
Exanpl es of sapphcaumetmshescapmamw %Tate i ncI ude U.S. Patents: 4, 008, 353

| ssued February 15, 1977 to G oss et al.; 4,061, 846 i ssued Decenber 6,

4,535, 020 | ssued Ny, 30, 10BBIREDERGRIEFIAY OFTHEDRAIINGE )7 | o e une
27, 1989 to |toh &Whikel thp Speaﬁﬁgt%mnsbmﬂh%ms 122!110!.1_1389 pointing out and
10 distinctly claiming the present invention, it is believed the present invention will be better
understood from the following descriptions taken in conjunction with the accompanymg
drawings in which:
Figure 1 is a fragmentary side elevational view of an absorbent structure according
to the present invention having a capillary substrate with topographically
15 elevated regions and discrete sites of osmotic absorbent material disposed on
the topographically elevated regions;
Figure 2 is a fragmentary top plan view taken along line 2-2 of Figure l and
Figure 3 is a schematic vertical elevational view of one apparatus which may be used
to produce an absorbent structure accordmg to the process of the present
20 invention.

DETAILED DESCRIPTION OF THE INVENTION
An absorbent structure 20 made according to the process of the present invention
~ comprises two subcomponents which are provided in a particular pattem as illustrated in
25  Figure 1: a capillary substrate 22 and an osmotic absorbent 24. The capillary substrate 22
has topographically distinguishable regions 34 and 38, differentiated by elevation 26 -
normal to the plane of the capillary substrate 22 and by being continuous or discrete. The
osmotic absorbent 24 is applied to the topographically distinguishable regions 34 and 38 in
a pattern corresponding to the elevation 26 of such regions 34 and 38.
30 The capillary substrate 22 may be provided with the topographically elevated
. regions 34 and 38 by through air drying a fibrous cellulosic capillary substrate 22 during
the manufacturing process, by knob to knob embossing, by nested embossing or by
laminating two laminae together. Through air drying is a particularly preferred process for
producing a capillary substrate 22 'having topographically elevated regions 36 and 38,
35  because the regions 36 and 38 deflected from the plane of the capillary substrate 22 are
discrete and have a lesser density than regions 32 and 34 which are not deflected.

The capillary substrate 22 preferably has a difference in elevation 26 between -
regions 34 and 38 sufficient to ensure the liquid precursor 40 is only applied to the desired
regions 38. Preferably, the elevation 26 between the different regions 34'and 38 is at least

40 about 0.13 millimeters (0.005 inches). The elevation 26 is measured without a confining
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15 Embossing a single lamina yields 2 capillary substrate 22 having topographically

" elevated discrete regions 38 which are locally densified. If desired, the liquid precursor 40

may be applied to these regions, with less thermodynamic tendency to wick to the
essentially continuous network region 32 than if the liquid precursor were applied to the
regions of lesser density. However, as described above, through air drying is the preferred

20 method of providing a capillary substrate 22 having topographically elevated regions 36

~ and 38, '

Through air drying, knob to knob embossing, and nested embossing are illustrated in
commonly assigned U.S. Patent 4,529,480 issued July 16, 1985 to Trokhan; commonly
assigned U.S. Patent issued 3,414,459 issued December 3, 1968 to Wells; and U.S. Patent

25 3,867,225 issued February 18, 1975 to Nystrand, respectively. The foregoing three
patents are incorporated herein by reference for the purpose of showing different ways to
manufacture a capillary substrate 22 having topogriphically elevated regions 36 and 38.

The capillary substrate 22 made in accordance with the aforementioned U.S. Patent

4,529,480 issued to Trokhan is particularly preferred because such a capillary substrate 22

30  has a continuous high density region 32 and discrete low density regions 36. Furthermore,
the low density regions 36 are discrete regions 38 which have a difference in elevation 26
than the high density regions 32 which form a network region 34.

The osmotic absorbent 24 disposed on the capillary substrate 22 may comprise any.

osmotic precursor, typically a liquid precursor 40 which can be applied to the capillary
35  substrate 22 as illustrated in Figure 3. As used herein, a "precursor” refers to any material

which transforms to an osmotic absorbent 24 upon curing or polymerizing. As used

herein, an "osmotic absorbent” refers to any material which has the capability to absorb at

least 10 times its own weight of aqueous liquids, preferably synthetié urine, on a grams per

gram basis. Preferred- osmotic absorbents 24 include polymers of sodium acrylate and
40  acrylic acid, starch grafted acrylate copolymers, etc.
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5 The synthetic urine comprises a salt solution in distilled water with a surface tension
adjusted to 45 dynes per centimeter with about 0.0025% octylphenoxy polyethoxy ethanol
surfactant (Triton X-100, from Rohm and Haas Company). The synthetic urine solution
comprises 15 parts of 1% Triton X-100, 60 parts NaCl, 1.8 parts of CaC12.2H20, 3.6
parts of MgC12.6H20 and 6000 parts of distilled water.

10 Any liquid precursor 40 which can be cured into a solid osmotic absorbent 24 is
suitable. The specific type of liquid precursor 40 selected is not critical to the invention,
so long as the liquid precursor 40 may be applied in the desired pattern, and immobilized,
so that the liquid precursor 40 does not flow, migrate, or transport to different elevations
26 of the capillary substrate 22. The osmotic absorbent 24 is preferably immobilized in

15  both the dry condition and while wetted in use. A particularly preferred liquid precursor

40, and ultimately osmotic absorbent 24 for use in the present invention, comprises
copolymers of sodium acrylate and acrylic acid, carboxymethyl cellulose, a photo-initiator
and a cross-linker.

. A preferred liquid precursor 40 is a substantlally water-soluble monomer comprising

20  neutralized or neutralizable carboxyl groups. The monomer preferably contains sufficient
«carboxyl groups such that a linear polymer thereof is substantially water-soluble (i.e., the
carboxyl groups are hydrophilic). Mixtures of such monomers may also be used. |

The monomers comprising carboxyl groups include aéid, anhydride, and ester group
containing monomers. These monomers may also contain other hydrophilic groups, such

25 as hydroxyl groups, amide-groups, amino groups, nitrile groups, and quaternary
ammonium salt groups. Preferably, the monomer contains acid type hydrophilic groups.
More preferably, the monomer contains at least about 5 mole percent, most preferably at

" least about 10 mole percent, of acid groups.

Monomers containing carboxyl groups include the oleﬁrucally unsaturated acids,

30 esters thereof, and anhydndes which contain at least one carbon to carbon olefinic double
bond. More speclﬁcally, these monomers can be selected from olefinically unsaturated
carboxylic acids,' esters of such carboxylic acids, acid anhydrides, sulfonic acids, esters of
such sulfonic acids, and mixtures of any two or more of the foregoing monomers.

Olefinically unsaturated carboxylic acid and carboxylic acid. anhydride monomers

35 include the acrylic acids and derivatives thereof, typified by acrylic acid itself, methacrylic
acid, ethacrylic acid, alpha-chloroacrylic acid, alpha-cyano acrylic a;cid, beta-methyl acrylic
acid (ie., crotonic acid), alpha-phenyl acrylic acid, beta-acryloxy propionic acid, and
Beta-steryl acrylic acid; maleic acid; and maleic acid anhydride. Other monomers of this
type are sorbic acid, alpha-chloro sorbic acid, angelic acid, cinnamic acid, p-chloro
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The carboxyl groups (e.g., acid groups) are at least partially neutralized with cations

15 capable of forming a salt with the monomer to form a monomer having neutralized
carboxyl groups. Such salt-forming cations include, for example, alkali or alkaline metals,
ammonium, substituted ammonium and amines as discussed in further detail in U.S. Patent
Re. 32,649, Brandt et al., April 19, 1988, incorporated herein by reference for the purpose
of showing suitable osmotic absorbents 24. Neutralization is preferably carried out in any'

'20  conventional manner which results in at least about 25 mole percent, more preferably at
" Jeast about 50 mole percent, most preferably at least about 75 mole percent, of the total
carboxyl groups being neutralized. The carboxyl groups are preferably neutralized prior to
formation of the substantially water-insoluble polymer, e.g., neutralization is preferably
carried out on the monomer or of a water-soluble polymer thereof.

25 Monomers possessing hydrophilic groups other than carboxyl groups may be used
with the carboxyl group containing monomer. Other hydrophilic groups include hydroxyl
groups, amide-groups, amino groups, nitrile groups, and quatemary ammonium salt
groups. Monomers containing such groups are well known materials and are described in
greater detail,” for example, in U.S. Patent 4,076,663 issued to Masuda et al. on

30 February28, 1978; and U.S. Patent 4,062,817 issued to Westerman on
December 13, 1977, which patents are incorporated herein by reference. One or more
types of such hydrophilic groups may be present in the monomer. .

Although this disclosure is generally in terms of the liquid precursor 40, it is to be
understood that substantially water-soluble homopolymers, copolymers, or reaction

35  products of the monomer may also be used in place of or in addition to the monomer form.
Such alternative starting materials include substantially water-soluble homopolymers of the
monomer and substantially water-soluble reaction products of the monomer or its
homopolymer and the internal crosslinking agent. For example, a sub'stantially linear,

- substantially water-soluble osmotic absorbent 24 can be formed by subjecting the liquid

40  precursor 40 to known polymerization conditions. A substantially water-soluble, partially
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10 22, or more particularly, upon application to selected regions of the capillary substrate 22, -

. a thickening agent may be added to the liquid precursor 40 prior to application of the
capillary substrate 22.  Suitable thickening agents include polyvinyl pyrolodine,
hydroxyethyl cellulose, preferably carboxymethyl cellulose and polyacrylic acid. The
thickening agént may be added in a concentration of 2 percent by weight of thickening

15 agent to the liquid precursor 40. '
Preferably, the liquid precursor 40 has a kinematic viscosity of at least 2,000
centipoises, as measured by a Brookfield viscometer using a number 2 Shell cup at 20
degrees C and preferably a kinematic viscosity of at least about 4,000 centipoises.

' If one does not wish to add a thickening agent to the liquid precursor 40, an acrylic

20  acid type liquid precursor 40 can be partially prepolymerized. Prepolymerization allows
for removal of residual monomers before the liquid precursor 40 is applied to the capillary
substrate 22. Minimizing residual monomers in the resulting osmotic absorbent 24 is
ﬁglﬂy desirable if the absorbent structure 20 is to be utilized in a disposable absorbent
article, such as a diaper or sanitary napkin, or is to be utilized in other applications where

25  epidermal contact may occur. ' .

Immobilizing the liquid precursor 40 upon its application of the capillary substrate
22, or upon application to selected regions thereof, allows the liquid precursor 40 to be
polymerized in situ. As used herein, a liquid precursor 40 is considered to be polymerized
in situ if it is crosslinked or otherwise cured to.form an osmotic absorbent 24 and

30 thereafter occupies substantially the same location on the capillary substrate 22 as when

" originally applied thereto. .

Referring to Figure 3, the absorbent structure 20 according to the present invention
may be made according to the illustrated apparatus 50. The illustrated apparatus 5_0
comprises three axially rotatable rolls 52, 54 and 56 preferably having mutually parallel

'35 longitudinal axes: a metering roll 52, a transfer roll 54, and an anvil roll 56. The three
panillel rolls 52, 54 and 56 form a nip 58 and a gap 60. The nip 58 is between the
metering roll 52 and the transfer roll 54. The gap 60 is between the transfer roll 54 and
the anvil roll 56.

The metering roll 52 is a gravure roll disposed in a reservoir 62 of the liquid

40  precursor 40. Upon axial rotation the metering roll 52 transfers a particular quantity of



4 5 is transferred fromthe reservoir to the periphery of the transfer
roll for subsequent application to the capillary substrate.
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the liquid precursor 40 to the transfer roll 54. The capillary substrate 22 passes through
the gap 60 between the transfer roll 54 having liquid precursor 40 disposed thereon and
the anvil roll 56. Importantly the topographically elevated regions 36 and 38 of the
capillary substrate 22, to which it is desired to apply the liquid precursor 40, are oriented

towards the transfer roll 54, with the balance of the capillary substrate 22 resting against

the anvil roll 56.

It will be apparent to one skilled in the art that by increasing or decreasing the
clearance in the gap 60 between the transfer roll 54 and the anvil roll 56, smaller and larger
quantities of the liquid precursor 40 may be applied to the topographically elevated regions
36 and 38 of the substrate, respectively. Likewise, changing the design of the metering
roll 52 can alter the amount of liquid precursor 40 applied to the capillary substrate 22 at a
constant gap 60. Alternatively, it will be apparent the liquid precursor 40 may be applied
to the transfer roll 54 by spraying, submerging the transfer roll 54 in the liquid precursor
40, etc., and thereby eliminating the necessity for a metering roll 52, or by printing directly
from the metering ‘roll 52 to the substrate 22 in the gap 60 formed between the metenng
roll 52 and the anvil roll 56.

As the capillary substrate 22 passes through the gap 60 between the transfer roll 54
and the anvil roll 56, liquid precursor 40 is applied to only the regions 38 of the capillary
substrate 22 which have an elevation 26 sufficient to contact the periphery of the transfer
roll 54, The transfer roll 54, does not contact the regions 34 of the capillary substrate 22
which rest against the anvil roll 56. Accordingly, no liquid precursor 40 is applied to these
portions of the capillary substrate 22. _

As noted above, by adjusting the clearance in the gap 60, different quantities of the
liquid precursor 40, and ultimately cured osmotic absorbent 24, may be applied to the
elevated regions 36 and 38 of the substrate. Generally, for the embodiments described
herein, liquid precursor 40 applied in the range of about 1 to about 500 milligrams per
square centimeter of capillary substrate 22 have been found suitable. Generally, a greater
quantity of osmotic absorbent 24 should be present on the capillary substrate 22 if the end
use of the absorbent structure 20 dictates it will handle larger volumes of fluid. Generally
a lesser quantity of the osmotic absorbent 24 should be present on the capillary substrate

. 22 if the end use of the absorberit structure 20 dictates concerns with gel blocking or the

ability to rapidly transport fluid to other areas of the absorbent structure 20.

The capillary substrate 22 for a particular absorbent structure 20 is selected '

according to the trade-offs inherent in different factors (e.g., tensile strength, softness,
absorbency) affecting the performance of the absorbent structure 20 for the consumer.

U
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ragus mhlch may be used to produce an absor bent
ng to the process of the present 20
DETAI LED DESCRI PTI ON OF THE | NVENTI ON
ucture 20 made accordi ngd® o the process of the present

|nvent|on conprises two subconponents which are provided in a
particular pattern as illustrated in 25 Figure 1. a capillary substrate 22

d ' 4
Fopogr ap cdtE paAnEY 5@8‘%‘.% SR Lo Bt O bttt actord 38 shay the
el evati on 2@onsumer Wéﬂcmﬂ sprbmstw%pfﬂemw&ﬂwpnmmgc oomanceate 22 and by |
bei ng continuoues 1Hé Lapildry subdifte 22 toOseTutilized ARt BSIrbaft dtfuciir®!Zoed t O

the t t habl

cofreiﬁﬁﬁéﬁﬁéﬁébﬁﬁﬁg@é‘l hRe e Brengs chtin rnsB besomp fppapent BaBla. T,
capi | lary sulescapillaey msuwayzaeccp:rdms @@ thepresent fnyeatiomo havingh regivinis yof eliferent e d
regions g4 %mat?d%s% (dascumuaiar réBidﬂ 89 A dohtatOWithCak! % s‘eaﬁhélo%ﬁ&

substrate 2 cturi.n ocess, to knob

enbossi ng, W@é’%&%ﬁ%é‘%m e tmsf“q'ﬁ‘lréﬁla?@ﬁ'&"i \'ﬁ(‘!e VARRSeS Rt her .
Thr ough ai r felmdi ingthe Jpriar factr t First] arpaytanlaefpnttemdobtlm_cl‘kpﬂd fpwcursor 40 may be
deposited onto the capillary substrate 22, without requiring the transfer roll 54 to have,
gravure plates or radially extending protuberances. Typically, transfer rolls 54 having
15 patterns are more difficult to manufacture than smooth surfaced transfer rolls 54, and
" usually have a shorter life due to the wear of the protuberances.

A second benefit of the claimed invention is the flexibility one who may not wish to

use a transfer roll 54 having a pattern, to achieve registration of the osmotic absorbent 24

- with the regions of the capillary substrate 22 to which it was desired to dispose the liquid

20  precursor 40. Either gravure plates or radially extending protuberances must be precisely

registered with the regions 32 and 36 of a particular basis weight or density within the

capillary substrate 22 to which it is desired to apply the liquid precursor 40. Such

registration can be extremely difﬁctilt to achieve under even ideal manufacturing

conditions, as the different regions 32 and 36 of the capillary substrate 22 often occur on

25  near microscopic scale. Actual manufacturing is even more complex, because the pitch of

the different regions 32 and 36, and hence the opportunity for misregistration may change

with ordinary variations in tension as the capillary substrate 22 is drawn through the

apparatus 50, the overall basis weight of the capillary substrate 22, and other

manufacturing parameters. Production of the invention by the process depicted in Figure

30 3, ensures exact registration of application of the liquid precursor 40 to the desired regions
of the capillary substrate 22." '

Third, one may wish to change the pattern of the liquid precursor 40 applied to the
capillary substrate 22, and hence the pattern of the osmotic absorbent 24 on the resulting
absorbent structure 20. According to the process of this invention, a single apparatus 50

35 having a transfer roll 54 with a smooth periphery may be utilized for multiple patterns. A
capillary substrate 22 having a different topography is selected accor_ding to consumer
preference and inserted in the gap 60 between the transfer roll 54 and anvil roll 56, and the
clearance of the gap 60 adjusted as appropriaté. The transfer roll 54 may continue to be
provided with a smooth surface and any desired pattern achieved by simply changing the

40 capillary substrate 22. Such flexibility in manufacturing was unattainable in the prior art.




produci ng a capillary substrate 22 having topogfaphically el evat ed régions
36 and 38, 35 because the regions 36 and 38 deflected fromthe plane of

the capillary substrate 22 are. di screte and have a | esser density
than'regi ons 32 and 34 _which are, not deflected. The capillary
substrate 22 preferably has a difference in elevation 26 bet ween.

regi ons 34 and 38 suf f'ﬁhtslsbcetﬂﬁsm ra&dt he liquid precursor 40 is only
applied to the desi red 38 Preferably, the elevation 26

bet ween the different r 38 i dlat | east 40 about 0.13
mllinmeters (.0.005 |nches tion 26 is rreasured wi t hout a
confining .

EFEIEACENENI SHEETAﬁer the liquid precursor 40 is disposed on the capillgry substrate 22, or more

particularly on topographically elevated regions 38 thereof it is important the liquid
precursor 40 be-immobilized so that it does not flow into other regions 34 of the capillary
substrate 22 and the desired pattern becomes diffused or 1mprec|se Immobilization occurs
through curing the liquid precursor 40 using any suitable technique as is well known in the

10 art. Particular and common techniques include electron beam irradiation and ultraviolet
light. As noted above, it is desirable tha_t'the liquid precursor 40 be cured into an osmotic
absorbent 24 as soon as possible after its application to the capillary substrate 22,
minimizing the opportunity for liquid precursor 40 to flow into other areas of the capillary

: substrate 22. Minimizing the opportunity for the liquid precursor 40 to flow into the other
15 areas of the capillary substrate 22 is particularly important if the topographically elevated
regions 38 of the capillary substrate 22 to which the liquid precursor 40 is applied have a
lower density than the topographically lower regions 34 of the capillary substrate 22 to

which the liquid precursor 40 is not applied. _

Curing, and in particular in situ curing, of the liquid precursor 40 can be

20 . accomplished by any means that initiates and causes polymerization of a free radical
_initiator such as 2-hydroxy-iso-butyrophenone or 2, 2-azobis (2-amidino propane)

- dihydrochloride is included in the monomer forming the liquid precursor 40, heat, light
(either ‘visible or ultraviolet radiation), or ionizing radiation can initiate and cause the
polymerization reaction. If one desires, an osmotic chemistry which does not utilize 2 free

25 . radical initiator may be incorporated, thereby allowing any other appropriate initiator to be
used. If one does not wish to include a free radical initi_ator, electron beam irradiation may

be used to otherwise create free radicals which start the curing reaction. This curing
process polymerizes and transforms the liquid precursor 40 into a solid osmotic absorbent

24 polymer. Thus, according to the present invention, the liquid precursor 40 is

30 polymerized in situ without requiring an additional step between the application of the
liquid precursor 40 and its polymerization to dispose and immobilize the osmotic
absorbent 24 on the capillary substrate 22 in the desired location and pattern. '

Several variations according to the present invention are feasible. For example, if

desired, one may construct a capillary substrate 22 having an. essentially continuous

35  network region 34 and discrete regions 38 which differ according to basis weight rather
* than density. If such a capillary substrate 22 is selected, it may be advantageously made
using a férming wire according to Figure 4 of commonly assigned U.S. Patent 4,514,345
issued April 30, 1985 to Johnson et al,, or the forming wires disclosed in U.S. Patent
5,245,025 issued September 14, 1993 to Trokhan et al., which patents are incorporated

40  herein by reference for the purpose of showing how to make a capillary substrate 22



5 pressure, using mcrotonmpscopy or stereoscopic three-dimensional

scanni ng el ectron m croscopy inmaging, as are well known in the art.
As tllustrated in Figure 2, the liquid precursor 40, which later cures to .
the osnotic absorbent 24, nmay be applied to the discrete

t opographically el evated regions 38 of the “capillary substrate 22,

| eavi ng an essentially continuous ‘network regi onmélsmétHah&eﬁa ldcédiry 10
substrat.e 22 wi.t hout osnotic absorbent 24 thereon

circunscri bing the di screte regions 38 to whi pr ecur sor
40 is applied as set forth below O cour se, | precursor
40 is applied to the opposite face of the capi IIary substrate t he
| i quid pregur 4 n 4
and the 5" Bline haibhe é’ﬁ%‘? ?2?2“ ﬁﬁ*a%’g’vﬁéqﬁfﬁg‘%'?e %eg%'%ﬁ%*ﬁ%%?%%ﬂﬂ?
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descri bed above

rou r drying.is referre
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36 and 3gccording to their gelTstrengthli.eqithe ahility mngrethnabsdrbeddmﬂs mrthe peeserge ofind

175855022 ' RS ot s TR Wb it e
speed at W ch ﬂuxds deposited onto the osmotic absorbent 24 can be acquired and held
15 thereby, and gel volume - the amount of fluid absorbed on a grams per gram basis.
Generally, for a particular osmotic absorbent 24 the gel strength is inversely proportional
to gel volume and absorption rate. If desired, an osmotic absorbent 24 having a more
rapid absorption rate may be utilized at or near the center of the absorbent structure 20.
Prophetically, in such an embodiment liquid insults are rapidly absorbed and do not readily
20 flow to the perimeter of the absorbent structure 20 where leakage may occur if the liquids
breach the perimeter.

Alternatively, the absorbent structure 20 may have an osmotic absorbent 24 with a
faster absorption rate near the perimeter. This arrangement prophetically provides the
advantage that liquids near the perimeter are rapidly absorbed before a breach of the

25  perimeter can occur. E
' Similarly, the osmotic absorbent 24 near the center of the absorbent structure 20
may have a relatively greater gel strength. The relatlvely greater gel strength provides for
relatively greater retention of liquid insults which are deposited near the center of the
absorbent structure 20, so that such absorbed insults are less likely to approach’ the
30  perimeter of the absorbent structure 20.

At or near the perimeter, an osmotic absorbent 24 having a higher gel strength but
slower acquisition rate may be utilized. This osmotic absorbent 24 provides for greater
retention of absorbed liquids, but can accommodate the slower acquisition due to the
insult only being received indirectly by the perimeter since the liquid insult first occurs at

35 the higher acquisition rate osmotic absorbent 24 disposed at or near the center of the
absorbent structure 20. Either of the foregoing arrangements provides a transverse
gradient with respect to the acquisition rate and gel strength properties of the osmotic
absorbent 24 of the absorbent structure 20.

Prophetically, an absorbent structure 20 having osmotic absorbents 24 of differing

40  gel strengths and/or acquisition rates may be made by utilizing a reservoir 62 having plural



assigned U S. Patent issued 3,414, 459.1issued Decenber 3, 1968 to Wells; and -
U S Patent 25 3,867,225 issued February 18, 1975 to Nystrand,

respectively. The foregoing three patents are incorporated herein by
reference for the purpose of showing different ways to —pmanufacture a

capillary substrate 22 having topographically elevated regigns 36 _and 38. _
The capillary substrate 22 made in accordance with the afor! t laced -
Pat ent . 4,529,480 issued to Trokhan is particularly pr;efie
such a capillary substrate 22 30 has a cdfti.nuous high dens

and discrete |l ow density regions 36. Furthernore, the | ow density
regions 36 are discrete regions 38 which have a difference in elevation 26

than the hjgh densit i ] , ty L Qw3

The osnrot | & ABEBPREn o SifR amve) ot s Bl R pre it 6. i, chambers
conpri se any are madeshydnsesting ensiarsnere mgnbmsafnegtcm oniegtaddpastitionsrie she zSerwpir ch
can be apptiegy t ehd PatiisHi dotrdpond o e desirédBotindaics of ithd difftreAd 19fes oF dshighit €

3. As used hergein, “precursar” refers to_an rial WRI C
transforns to3A ﬁ‘c‘ﬁﬁ&sﬁﬁ‘ﬂé ﬁﬁ”ﬂf"ﬁﬁ‘&ﬁ“&'ﬁ@@@% %W'?"eﬁé‘.r’]“ A8 apdeq
herein, an "osmiitroll S6heve réliemed inr registrationowitin ghenpartitions] tonbbiate ternsfeh of liquid
capability,to Oat;em% ; I mes its own wei ght of aqueous
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url on a ram basi s.
Preferred osnotic

lytRrefeared rafTUeME 63 083 HEPe, Chambets AP, PR B @ 57085 40

acrylic acid, maélasediredtiod. t The My diltbdatd clantbersneacts corttain identical liquid precursor 40
having, by way of example, a relatively higher gel strength but relatively slower absorption
rate upon polymerization. The central chamber contains a liquid precursor 40 having, by

15 way of example, a relatively faster absorption rate but relatively low gel strength upon

~ polymerization. _ . : _
Of course, it will be apparent to one skilled in the art that the three (or any other
number as desired) independent chambers need not be of equal width in the cross machine

. direction. The width of the chambers may be adjusted, as desired, to tailor the absorbent

20  characteristics of the capillary substrate 22 of the resulting absorbent structure 20 to the
needs dictated by the end use of the absorbent structure 20.

Prophetically, another process by which a transverse gradient of osmotic absorbent
24 pro;ierties may be imparted to the absorbent structure 20 utilizes muitiple printing
stations. At the first printing station, a transfer roll 54 and anvil roll 56 of a desired width

25 and desired cross machine direction position are provided. The transfer roll 54 is
immersed in a liquid precursor 40 having the particularly desired characteristics described

~above. This liquid precursor 40 is printed onto the capillary substrate 22 in register with
the desired position (i.e., central trisection, etc.) and corresponding to the width and cross
machine direction position of the transfer roll 54. '

30 At the second printing station, another transfer roll 54 and anvil roll 56 are
provided. This transfer roll 54 and anvil roll 56 are also registered at a particular cross
machine direction position of the capillary substrate 22 and have a desired width. Of
course, two outboard transfer rolls 54 and anvil rolls 56 may be used in tandem at a
particular printing station of the apparatus 50. :

35 In any event, multiple printing stations may be utilized, as described above, with one
or more transfer rolls 54 and anvil rolls 56 at each printing station in order to produce an
absorbent structure 20 having a transverse gradient with respect to the properties of the
osmotic absorbent 24 according to the process of the present invention.

An arringement of different osmotic absorbents 24 having a transverse gradient may

40  be particularly useful if the absorbent structure 20 is incorporated into the core of a



6 5 The synthetic urine conprises a salt solution in distilled
water with a surface tension adj usted to 45 dynes per centineter with
about 0.0025% octyl phenoxy pol yet hoxy et hanol surfactant (Triton

X- 100, from Rohm and Haas Conpany). The synthetic urine solution

conprises 15 parts of 1% Triton X-100, 60 parts NaCl, 1.8 parts of

CaCl[err].2H err]0, 3.6 ° parts of Mg [err].6H err] O and 6000 parts of
distilled water. 10 Any |iquid precursor 40 which can be cured into
a solid osnotic absorbent 24 is sui t'¥bl e. The specific type of liquid

precursor 40 selected is not critical to the I nventi on,

s  disposable absorbent article, such as a diaper, or a sanitary ﬁaplcin. A disposable diaper
utilizing the absorbent structure 20 of the present invention in the core may be made in
accordance with commonly assigned U.S. Patent 3,860,003 issued January 14, 1975 to
Buell. Of course, the disposable diaper can be sized and configured to fit either children
or incontinent adults, as desired, and as used herein is inclusive of disposable absorbent

10 articles worn by either children or adults. A sanitary napkin utilizing the absorbent
structure 20 of the present invention in the core may be made in accordance with
commonly assigned U.S. Patent 4,950,264 issued August 21, 1990 to Osborn, ITII. The
aforementioned two patents, 3,860,003 and 4,950,264, are incorporated herein by
reference for the purpose of showing how to incorporate the absorbent structure 20 of the

15  present invention into disposable absorbent articles. It will be apparent to one skilled in
the art that several other variations are feasible, all of which are included within the scope
of the appended clauns

—_—
——
" —_— .
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so long as the liquid precursor 40 may be applied in the desired pattern,
and i nmobi | i zed, so that the liquid precursor 40 does not fl ow,
mgrate, or transport to different elevations 26 of the capillary
substrate 22. The osnotic absorbent 24 is preferably inmmobilized in 15
both the dry_condition and while wetted in use. A particularly preferred
| i qui d precursor 40, and . uftimtely osnotic absorbent 24 for use in

the present i [ InES copql ynmers of sodium acrylate and
acrylic acid, Tﬂﬁm"wmﬂm)ﬂm | ul ose, apl(éhot o-initiator and a
* c L M

cross-1linker. A preferred liquid precursor 40 is a substantially
wat er - sol ubl e nononer conprising 20 neutralized or neutralizable carboxyl
groups. The nononer preferably contains sufficient car boxyl groups
such that a | wineats pabimedr ig:hereof is substantially water-soluble (i.e.,

t he car boxyl groups, are hydrophjlic). M xtures, of such npnoners_nay
al.so be used.l. = A process forpgod _H%r’rgr“b” W@@?Pﬁ&?&° Pigand; Gapillatye
aci d, anhydri de, absuibiagtcapabilities, said processcomprisingithesteppofer s. These nononers

Ry 810 Cont i gblihe INCEQB g rof Yl s 8 Wl o BRI

am de-groups, am'no groups, nitrile groups, "and quater
salt groups. Pr eferat}h?',"-bﬂﬁenimnorrer contains acid type hydrophilic groups.
More preferably, drbwidinp adiGeid pfeetisol orsthe pefigheny ofshidtianbferille percent, nost

Vonomer s sont ai iBGWERS o SSiiagy Afstent BHHEE naviBl sPRoRtail Hiwnmyrnmbl,
acids, 30 esters theegofs;and anhydri des which contain at | east one carbon
to carbon ol efi niGGRukki& capillary substrate through said gap, whereby there is a relative _
difference in position in said gap between predetermined regions of said
capillary substrate and corresponding regions of said transfer roll, whereby
said predetermined regions of said capillary substrate contact said- -
corresponding regions of said transfer roll;
applying said liquid precursor from said corresponding regions of said transfer roll
to said predetermined regions of said sﬁbstrate; and '
polymerizing said liquid precursor- in situ to form an immobilized osmotic absorbent
on said predetermined region of said substrate.

2. A process for producing an absorbent structure having both osmotic and capillary
absorbing capabilities, said process comprising the steps of:
providing a transfer roll and an anvil roll, said rolls being disposed in axially parallel
relationship to form a gap therebetween;
providing a liquid precursor on the periphery of said transfer roll;
providing a capillary absorbent substrate, said capillary substrate having
- topographically elevated regions and being oriented so that said
topographically elevated regions are oriented towards said transfer roll while
said capillary substrate is in said gap, said capillary substrate resting against
said anvil roll while in said gap;
passing said capillary substrate through said gap; _
applying said liquid precursor from the periphery of said offset transfer roll to said
topographically elevated regions of said substrate; and
polymerizing said liquid precursor in situ to form an immobilized osmotic absorbent
on said substrate. ) '

This Sheet Has Been eﬁlaced
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bond. More specifically, these nononmers can be selected fromolefinically
unsat ur at ed carboxylic acids, esters of such carboxylic acids, acid
anhydrides, sulfonic aci of such sul foni c acids, and

m xtures of any two or nore of the foregoing nononers.

O-efinically uns ﬂ c acid and carboxylic acid anhydride
nononmers 35 i nclaﬂmnmun m )IHI&CI ds and derivatives thereof typified by
acrylic acid itselt nfetHaclylfc * acid, ethacrylic acid,

al pha-chl oroacrylic acid, al pha-cyano actglic acid, beta-nmethyl acrylic
acid (i.e., crotonic acid) al pha- phenyl acrylic acid, beta-acryl oxy

propi oni ¢ acid, and bet a-steryl acr hx aci d; nalelc aci ; and mal ei c
aci d anhydri de. Gheerocassasperdiogse Claps! and 2 furthreompnsing Shestep

al pha-chl oro sor?r@,aﬁgﬁiresmgel ic acid, cinnanmic acid, p-chl oro
REPLACENMENT SHEE

disposing said liquid precursor in said reservoir;

providing 2 metering roll in contacting relationship with said transfer roll, said
metering roll and said transfer roll being juxtaposed to form a nip
therebetween; and

disposing said metering roll in said liquid precursor, whereby upon rotation of said
metering roll liquid precursor is transferred from said reservoir to said
metering roll to said periphery of transfer roll for application to said capillary
substrate. '

4.  The process according to Claims 1, 2, 3 and 4 characterized in that said reservoir is
' divided into a plurality of independent chambers and further comprising a plurality
of liquid precursors having different gel strengths and/or different absorption rates

upon polymerizing are provided in said different chambers, and preferably said steps

of dividing said reservoir into plural independent chambers comprises the step of

. trifurcating said reservoir into three chambers, two outboard chambers and a central
chamber, and more preferably said step of depositing different liquid precursors into

said trifurcated reservoir comprises providing liquid precursors having a relatively
higher gel strength in said central chamber reservoir than said liquid precursor in

said outboard chambers and providing a liquid precursor having a relatively faster
absorption rate in said outboard chambers than said hqutd precursor in said central

chamber.

5. The process according to Claims 1, 2, 3 and 4 further comprising the steps of:

provxdmg a plurality of pairs of transfer rolls and anvil rolls, each said pair having a
transfer roll and an anvil roll disposed to form a gap therebetween;

providing a liquid precursor on the periphery of each said offset transfer roll;

passing said capillary substrate through said gaps between said pluralities of transfer
rolls and anvil rolls; and :

applying said liquid precursor to said topographically elevated regions of said

substrate, characterized in that the liquid precursor applied by one said transfer roll

has different characteristics than said liquid precursor applied by a different said

transfer roll, and preferably said plurality of transfer rolls comprises a first transfer

roll which Applies a centrally disposed liquid precursor to said capillary substrate;

This Sheet Has Been Replaced
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5 cinnamc acid, itaconic acid, citraconic acid, mesaconic acid,

gl utaconic acid, aconitic acid, fumaric aC|d and trlcarboxyethylene
O efjinically unsaturated sul fonic acid nononers and derivatives thereof

i ncl ude aliphatic or aromatic vinyl sulfonic acids such as _
vinyl sulfonic acid, allyl sulfoniic acid, vi nyl t ol uene sulfonic acid
and styrene suclmumulﬂ"mﬂlm m crylic and nethacrylic sulfonic 10 acid
derivatives su " Ecrylate sul f oet hyl met hacryl ate,

sul f opropyl acryl afe, " XSul*fopropyl 17 nethacryl ate,

2- hydr oxy- 3- acryl oxy propyl sulfonlc aci d,

2- hydr oxy- 3- rreth | ox suI ¢, aci nd 2- acryl am do- 2- net hyl
pr opane SJH‘}/ 0c O ‘é%?% Pahste? Yols &“FH EY ﬁ%‘% ¢ Prequisias sto( saidy capiliary d
groups) are at subbstrate inca tioad machine tiredtioa easitibh uthdhidoos sald liqeid RBduRsor |

formng a salt %lgabh, Sgﬁ)&?ﬁgmlrg gf orma nonomer having neutralized

car boxyl groups ormng cations include, for exanpl e, al kali or
al kal i ne netal s, amoni um_.substituted amoni um and ami nes as

di scrsigd lfg81;3 lflrh*ehpfocétﬁt Qcicbrdm”g{lbeClaigibt an][and 2 fuRﬁer %Smﬁﬁs?n Rhénlp E'Jf.al
ri 0 in ref.eren
?ﬁow ng sui tab|Pé°P8§"r%‘?%F' %’@ F tpgecgé(for QT ?% %z%ﬂﬂhﬁﬁ'ol“sp"pfﬁgéf‘%ﬂﬁ

carried out i n thexgby reducing residual monomers after polymenzatlon

7. The process according to Claims 1, 2, 3, 4, 5 and 6 further comprising the steps of
adding a thickening agent to said liquid precursor, and preferably said liquid
precursor has a kinematic viscosity of at least about 4,000 centipoises while in said
Teservoir.

8." The process according to Claims 1, 2, 3, 4, 5, 6 and 7 characterized in that said
capillary substrate comprises a continuous high density region.

9.  The process aécording to Claims 1, 2, 3, 4, 5, 6, 7 and 8 characterized in that said
capillary substr_ate comprises discrete low density regions. '

10. The absorbent structure produced by the process of Claims 1, 2, 3,4, 5,6, 7, 8
and 9.

This Sheet Has Been Remla




20 conventional manner which results in at |east about 25 nole percent,
nore preferably at | east about 50 nole percent, nost preferably at

| east about 75 nole percent, of the total car boxyl groups being
neutkal i zed. The carboxyl groups are preferably neutralized prior to
formation of the substantially water-insoluble polyner, eg., neutralization

is preferably carried out on the nononer or of a water-sol uble polyner
t hereof. 25 Mononer s possessi ng hydrophilic groups other than

car boxyl groups may be used witht car boxyl group contai ni ng
nmononer. Ot her hydrophilic groups include hydroxyl groups,

am de-groups, amno groups, nitrile groups, and quaternary annnnlunlsalt
groups. Mnoners contai ning such groups are well known materials and are

described in greater detail, f%é exanple, in U S Patent 4,076,663

| ssued to Masuda et al. on 30 Fe ry 28, 1978; and U.S. Patent
4,062,817 issueqd, to Wsterman/on = Decenber »* 1977; which patents
are incorporated™hgrein by refeyence. One off4or e types of such
hydrophilic groups \ray be presfnt in the npnoner. : Al t hough this
disclosure is generglly in terms of the li/quid precurggr 40, it is to be
understood that subgtantially water-sol e honoppl ypEfs, cofianers, (¢
reaction 35 prody V%”ﬁgk t he nononer p;r—:iia be /jused in g;35eM¥< or ipg
addition to the ,e”a‘ OITEr HOr m h al terwatf ve stlng at erwal s

i ncl ude subst g#ffi afl y wat g sol uble i honDponne ol T DNOMET g

subst anti ak#¥ watr - sol ubl e T gacti on products -of the nonome®6br its
honopol ymer and £ he internal /crosslinking agent. For exanple, a
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SUbsEantiaIIy wat er - sol ubl e osnotic absorbent 24 can be formed by :
subjecting the liquid 40 precursor 40 to known pol yneri zation conditions.
A substantially water-soluble, partially

8 '5 * “crosslinked osnotic absorbent 24 may also be formed by reacting

(e.g., by heating) the ~liquid precursor 40 or linear polymer thereof
with a crossli.nking agent such as the ' :

22
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Crosslinking agents herein. Such an osnotic absorbent 24 woul d typi ca y

have a | ow | evel of crosslinki ng e.g., less than about

To i bi IRgpr\h& JPTeTYES O 40 upon its ﬁ.as.ppl...ls.c,aytml-g ~t-0-t-he- l-l
substr 5}3?&1(0 ] ija qur%ér‘te parﬁzul afly, upon appl j BEFLHRE ts’@“@et*%é?é%i
regi org/ ef g ca}gl ﬁ any- LUiged ate- 22, a.th Eanrsﬁgﬂ'agqunhyf‘bémﬁddgd

NJ
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FIELD OF THE INVENTION

This invention relates to a process for producing an absorbent structure having
osmotic and capillary absorbing capabilities. More particularly, the process relates to a
way to make an absorbent structure having a patterned combination of capillary and
immobilized osmotic absorbing capabilities.

BACKGROUND OF THE INVENTION

Absorbent structures comprising a capillary absorbent substrate and having an
osmotic absorbent applied theieto are known in the art. As used herein, a "capillary"
absorbent absorbs liquids, such as water, by capillary attraction of the liquids due to the
thermodynamic force of attraction between a liquid and the solid surface of the capillary
medium. In contrast, as used herein, an "osmotic™ absorbent absorbs liquids deposited
thereon by transfer of the liquids across the periphery of the osmotic absorbent, forming a
gelatinous substance which imbibes the liquids. As used herein, an "absorbent structure"
refers to materials which, in combination, absorb liquids by both osmotic and capillary
absorptions.

The osmotic absorbent may be made from monomers selected from the group

consisting of acrylic acid, starch grafted acrylate co-polymers, etc. Such osmotic

absorbent materials are commonly used as absorbent gelling materials or superabsorbers in
disposable absorbent articies such as diapers and sanitary napkins. The osmotic absorbent
may be applied to the capillary substrate in the form of a liquid precursor, to be later cure_d
into an osmotic absorbent.

The capillary absorbent may  be provided in the form of a substrate, for the osmotic
absorbent to be later applied thereupon. Typically the capillary substrate is a generally
planar, almost two-dimensional material, such as paper, nonwoven fabric, woven fabric, or
even formed film.




Pnﬁnﬁilizing the liquid precursor 40 upon its application of the capillary

substrate . 22, or upon application to selected regions thereof allows
the liquid precursor 40 to be pol ymerized in s;j tHEPL’%tMﬁW g}gml h, a
| iquid precursor 40 is considered to be pol ynerized - e F S
crosslinked or otherwise cured to forman osnotic ab$ofbent 24 and 3)
thereafter occupies substantially the sane |ocation ¢n{t HtO MAR W%y
substrate 22 as when originally applied theret¢. '

Referring to Figure 3, the absorbent structure 20 acg¢ording to the pregent
I nvention may be made according to the illustr The
Il lustrated apparatus 50 corrpri ses three axi aI |y rotatable rolls 52,

metoring T8 | 62 Gl R st abatrbbrd ieril Ay Be apBGE e LA Susuate
parall el roll gs @%uid frecador; Guélnasra &qnﬂm&ﬁbmdtlmngmmsﬁcﬂced'ﬁbefommﬁﬂasoﬂaem
0% o the | PRI Gty e W PR i e Sl Y
met eri ng rol | figid form andgompsises soge|form o acid apd perylataalts. 62 of the |iquid
40 precursor 40. Wpﬁﬂlﬁxh@hqmatpi&mmh&ppﬁdew tie capillanyb subistrafeS by ispraging,
parti.cul ar quant | éﬁ’a etc. to provide a uniform coating thereon. Other teachings in the art
suggest discontinuous applications of the liquid - precursor to the capillary substrate
through brushing, roller coating, etc. Once the liquid precursor is applied to the capillary
substrate, the liquid precursor may be crosslinked through elevated temperature,
_ irradiation, etc., to form the osmotic absorbent.
15 Examples of such attempts in the art include U.S. Patents: 4,008,353 issued
February 15, 1977 to Gross et al.; 4,061,846 issued December 6, 1977 to Gross et al,;
4,071,650 issued January 31, 1978 to Gross; 4,835,020 issued May 30, 1989 to Itoh et al ;
4,842,927 issued June 27, 1989 to Itoh et al.; 4,865,886 issued September 12, 1989 to
Itoh et al; 4,892,754 issued January 9, 1990 to Itoh et al; 5,079,034 issued
20 November 21, 1988 to Miyake et al. and Great Britain Patent 1,452,325 published
October, 1976 in the name of Triopolis. ' :

However, difficulties can arise in the prior art method of applying the liquid
precursor to the capillary substrate. For example, it is difficult to spray the liquid
precursor onto the capillary substrate in a precise pattern. Printing the osmotic absorbent

25  onto the capillary substrate may result in a pattern having greater definition and precision
than obtainable by spraying, but requires a printing roll having gravure plates or raised
protuberances. Printing rolls having gravure plates or raised protuberances limit the
pattern of the applied osmotic absorbent to that pattern corresponding to the gravure
plates or the protuberances of the printing roll, regardless of what pattern may be desirable

30 for a particular substrate. :

This problem may be overcome by providing a plethora of printing rolls, one for
each desired pattern. However, once the drying belt is fixed, such provision increases the
expense of the apparatus to a point where it may not be economically feasible to provide a
gravure roll or flexographic roll for each desired pattern if only a short production run is

35  desired.

Accordingly, it is an object of this invention to overcome the problems presented by
the prior art. Particularly, it is an object of this invention to provide an osmotic and
capillary absorbent structure which resists gel blocking and which more efficiently utilizes
the entire capacity of the absorbent structure. Further, it is an object of this invention to

_ 40 provide an absorbent structure which is more easily and precisely manufactured than those
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manufacturing an absorbent structure having the osmotic absorbent registered with
discrete regions of the capillary substrate.

SUMMARY OF THE INVENTION

The invention is a process for producing an absorbent structure having osmotic
absorbing capability and capillary absorbing capability. The process comprises the steps of
providing a transfer roll and an anvil roll. The two rolis are disposed, preferably in axially
parallel relationship, so that a gap is formed between the two rolls. Liquid precursor is
provided on the periphery of the transfer roll.

A capillary substrate is also provided. The capillary substrate is passed through the
gap so that there is a relative difference in position within the gap between predetermined
regions of the capillary substrate and corresponding regions of the transfer roll. The

_ predetermined regions of the capillary substrate- cbn;act' the corresponding regions of the

transfer roll, so that liquid precursor is transferréd from the corresponding regions of the
transfer roll to the predetermined regions of the gap. :
‘In a preferred embodiment, the capillary substrate has topographically elevated

_regions. The capillary substrate is passed through the gap between the transfer roll and the

anvil roll, such that topographically elevated regions are oriented toward the transfer roll
while the capillary substrate is in the gap. The capillary substrate rests against the anvil
roll while it is passed through the gap between the transfer roll and the anvil roll. Liquid
precursor is applied to the topographically elevated regions of the substrate from the
periphery of the transfer roll while it is in the gap.

In an alternative embodiment, the transfer roll may have protuberances and the
capillary substrate is generally planar and does not have topographically elevated regions.
The liquid precursor is transferred from the protuberances of the transfer roll to the
regions on the capillary substrate contacted by the protuberances.

The liquid precursor is then polymerized to form an immobilized osmotic absorbent
on the substrate. The liquid precursor is polymerized in situ and thereby immobilized on
the topographically elevated regions to which it was applied.

In a preferred embodiment, the process further comprises the steps of providing a
metering roll and a reservoir. The liquid precursor is disposed in the reservoir. The
metering roll is disposed, preferably in axially parallel and contacting rélationship with the
transfer roll, to form a nip between these two rolls. The metering roll is disposed in the
liquid precursor in the reservoir, so that upon rotation of the metering roll liquid precursor



36 and 38 of the substrate, respectively. Likew se, changing the design of
the netering 15 roll 52 can alter the anmount of liquid precursor 40,

applied to the capillary substrate 22 at a con PO
Alternatively, it will be apparent the |liquid precuréﬁgiﬁg@§3§a§gtfr

to the transfer roll 54 by spraying, subnerging thejtyansfer roll |n the
| i quid precursor 40, etc., and thereby elim nalihg HhMAR9Ysi for a
metering roll 52, or by printing directly fromthe nmetering rofl{ 52 to
the substrate 22 in the gap 60 fornmed betveen the netering 20 roll and
the anvil roll 56. As the capillary subktrate 22 passes 'through
the gap 60 between the transfer roll 54 and the anvil roll 56, liquid

precursor 40 is appli to only the regions, 38 of, the ca r

substrate 922 'ﬁﬁﬁ’} ?a‘gg' é‘%;S'EVPGn"Z e RETPNeTY oft thteo“%'ﬁﬁ’( Pﬁ %ﬁé“bﬁ?ﬂi’%ery
of the transfapphcatlontoﬂnlchpnﬂd'ysﬂﬂsa'aﬁeransfer roll 54, does not contact the
regions 34 of the capillary substrate 22 25 whi ch rest agai nst the anvil

roll 56. Accordingly, no liquid precursor 40 is applied to these

portions ofthe capillary SL&E‘F ESCRIPTION OF THE RAANM ®d above,
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capillary s ubst rate 2t the piesenerinvention having a capnllaty substrate with topographically
15 “elevated regions and discrete sites of osmotic absorbent material disposed on -
the topographically elevated regions;
Figure 2 isa fragmentary top plan view taken along line 2-2 of Figure 1; and
" Figure 3 is a schematic vertical elevational view of one apparatus which may be used
to produce an absorbent structure according to' the process of the present
20 invention.

_ DETAILED DESCRIPTION OF THE INVENTION

An absorbent structure 20 made according to the process of the present invention
comprises two subcomponents which are provided in a particular pattern as illustrated in

25  Figure 1: a capillary substrate 22 and an osmotic absorbent 24. The capillary substrate 22
has topographically distinguishable regions 34 and 38, differentiated by elevation 26
normal to the plane of the capiliary substrate 22 and by being continuous or discrete. The
osmotic absorbent 24 is applied to the topographically distinguishable regions 34 and 38 in
a pattern corresponding to the elevation 26 of such regions 34 and 38.

30 The capillary substrate 22 may be provided with the topographically elevated
regions 34 and 38 by through air drying a fibrous cellulosic capillary substrate 22 during
the manufacturing process, by knob to knob embossing, by nested embossing or by
laminating two laminae together. Through air drying is a particularly preferred process for
producing a capillary substrate 22 having topographically elevated regions 36 and 38,

35 because the regions 36 and 38 deflected from the plane of the capillary substrate 22 are
discrete and have a lesser density than regions 32 and 34 which are not deflected.

The capillary substrate 22 preferably has a difference in elevation 26 between
regions 34 and 38 sufficient to ensure the liquid precursor 40 is only applied to the desired -
regions 38. Preferably, the elevation 26 between the different regions 34 and 38 is at least

40  about 0.13 millimeters (0.005 inches). The elevation 26 is measured without a conﬁning



use of‘ t he absorbent structure 20 dictates it will™
fluid. CGenerally a |l esser quantity of the os $houl d
be present on the capillary substrate 35 22 if th
absorbent structure 20 dictates concerns with gel bl oc k| ?ﬁﬂg‘&ﬁ]&ﬁ
ability to rapidly transport fluid to other areas off tfh
structure 20. The capillary substrate 2
absorbent structure 20 is selected - according tfo the trade-offs
inherent in different factors (e.g., tensilse strengtths
absor bency) aff ect [ ng t he performance of the absorbent structur e 20 f or the
consuner. _ 10
s pressure, using microtomoscopy or stereoscopic three-dimensional scanning electron
microscopy imaging, as are well known in the art.

As illustrated in Figure 2, the liquid precursor 40, which later cures to the osmotic
absorbént 24, may be applied to the discrete topographically elevated regions 38 of the
capillary substrate 22, leaving an essentially continuous network region 34 of the capillary

10  substrate 22 without osmotic absorbent 24 thereon intermediate and circumscribing the
discrete regions 36 to which the liquid precursor 40 is applied as set forth below. Of
course, if the liquid precursor 40 is applied to the opposite face of the capillary substrate
22, the liquid precursor 40 will form an essentially continuous network region 34 and the

. capillary substrate 22 will have discrete regions 36 with no osmotic absorbent 24 thereon.

15 Embossing a single lamina yields a capillary substrate 22 having 'topographicauy

" elevated discrete regions 38 which are locally densified.. If desired, the liquid precursor 40.
may be applied to these regions, with less thermodynamic tendency to wick to the
essentially continuous network region 32 than if the liquid precursor were applied to the
regions of lesser density. However, as described above, through air drying is the preferred

20  method of providing a capillary substrate 22 having topographically elevated regions 36
and 38.

Through air drying, knob to knob embosmng, and nested embossing are illustrated in
commonly assigned U.S. Patent 4,529,480 issued July 16, 1985 to Trokhan; commonly
assigned U.S. Patent issued 3,414,459 issued December 3, 1968 to Wells; and U.S. Patent

25 3,867,225 issued February 18, 1975 to Nystrand, respectively. The foregoing three

' patents are incorporated herein by reference for the purpose of showing different ways to
manufacture a capillary substrate 22 having topographically elevated regions 36 and 38.

The capillary substrate 22 made in accordance with the aforementioned U.S. Patent
4,529,480 issued to Trokhan is particularly preferred because such a capillary substrate 22

30  has a continuous high density region 32 and discrete low density regions 36. Furthermore,
the low density regions 36 are discrete regions 38 which have a difference in elevation 26
than the high density regions 32 which form a network region 34.

The osmotic absorbent 24 disposed on the capiliary substrate 22 may comprise any
osmotic precursor, typically a liquid precursor 40 which can be applied to the capillary

35  substrate 22 as illustrated in Figure 3. As used herein, a "precursor” refers to any material
which transforms to an osmotic absorbent 24 upon curing or polymerizing. As used
herein, an “osmotic absorbent* refers to any material which has the capability to absorb at
least 10 times its own weight of aqueous liquids, preferably synthetii: urine, on a grams per
gram basis. Preferred osmotic absorbents 24 include polymers of sodium acrylate and

40  acrylic acid, starch grafted acrylate copolymers, etc. '
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: so that the liquid precursor 40 does not flow, migrate, or transport to different elevations
26 of the capillary substrate 22. The osmotic absorbent 24 is preferably immobilized in
15 both the dry condition and while wetted in use. A particularly preferred liquid precursor
40, and ultimately osmotic absorbent 24 for use in the present invention, comprises
copolymers of sodium acrylate and acrylic acid, carboxymethyl cellulose, a photo-initiator
and a cross-linker.
A preferred liquid precursor 40 is a substantially water-soluble monomer comprising
20  neutralized or neutralizable carboxyl groups. The monomer preferably contains sufficient
.carboxyl groups such that a linear polymer thereof is substantially water-soluble (i.e., the
carboxyl groups are hydrophilic). Mixtures of such monomers may also be used.
The monomers comprising carboxyl groups include acid, anhydride, and ester group
containing monomers. These monomers may also contain other hydrophilic groups, such
25 as hydroxyl groups, amide-groups, amino groups, nitrile groups, and quaternary
ammonium salt groups. Preferably, the monomer contains acid type hydrophilic groups.
More preferably, the monomer contains at least about 5 mole percent, most preferably at
least about 10 mole percent, of acid groups. : :
Monomers containing carboxyl groups include the olefinically unsaturated acids,
30 esters thereof, and anhydrides which contain at least one carbon to carbon olefinic double
bond. More specifically, these monomers can be selected from olefinically unsaturated
carboxylic acids, esters of such carboxylic acids, acid anhydrides, sulfonic acids, esters of
such sulfonic acids, and mixtures of any two or more of the foregoing monomers.
Olefinically unsaturated carboxylic acid and carboxylic acid. anhydride monomers
35 include the acrylic acids and derivatives thereof, typified by acrylic acid itself, methacrylic
acid, ethacrylic acid, alpha-chloroacrylic acid, alpha-cyano acrylic acid, beta-methyl acrylic
acid (i.e., crotonic acid), alpha-phenyl acrylic acid, beta-acryloxy propionic acid, and
beta-steryl acrylic acid; maleic acid; and maleic acid anhydride. Other monomers of this
type are sorbic acid, alpha-chloro sorbic acid, angelic acid, cinnamic acid, p-chloro




capillary substrate 22 to which it is desired to apply the liquid precursor
40. Such regi stration can be extremely difficult to achieve under even
i deal manufacturing conditions, as the differenk 6 of
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substrate 22 is drawn through the " appar at us 50,
wei ght of the capillary substrate 22, and ot her manuf act uri ng
parameters. Production of the invention by the process~deprTt gd— T Figure
30 3, ensures exact registration of appljcation of the liquid_precursor 40
to the desPr eginnagF @fid, itaconic agid, GivieoRig3cid) BesACanip 3¢id.glutaconic acid, aconitic acid,
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Accordi ng to ulighatic o¢ @sematic vinyl sulfonie acids rsuchaa%mgls'dfqupqomét allyl suifes acid,
ha?/![ ng a tr an Hh&le! suffdnitiakia shd tﬁxb g xnmaefylb.eaﬂ& ?E#h?&?hé S\fifonic
Fopogr aphylo] s 35 deuvasiyes,sishraa SHEPEY! a5 Giaptoetf meacn e fOLORRE AeoMt.c
in the gap 60 sklifsprepyh t hmethacrylatecr r2shydréxy-3-acryloxyi | priplyl 56, sulfomict heacid,
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achi eved by sﬂﬁ@qﬁ ngi ng the 40 capillary substrate 22. Such erX|b|I|ty
i n manufact uring VEne carbakyl grouph(eg.] atid Hroups)iaty atdeédst partially neutralized with cations
15 capable of forming a salt with the monomer to form a monomer having neutralized
carboxyl groups. Such salt-forming cations include, for example, alkali or alkaline metals,
ammonium, substituted ammonium and amines as discussed in further detail in U.S. Patent
Re. 32,649, Brandt et al., April 19, 1988, incorporated herein by reference for the purpose
of showing suitable osmotic absorbents 24. Neutralization is preferably- carried out in any
20  conventional manner which results in at least about 25 mole percent, more preferably at
least about 50 mole percent, most preferably at least about 75 mole percent, of the total
carboxyl groups being neutralized. The carboxyl groups are preferably neutralized prior to
formation of the substantially water-insoluble polymer, e.g., neutralization is preferably
carried out on the monomer or of a water-soluble polymer thereof.
25 Monomers possessing hydrophilic groups other than carboxyl groups may be used
with the carboxyl group containing monomer. Other hydrophilic groups include hydroxyl
8"9“!"% amide-groups, amino groups, nitrile groups, and quaternary ammonium salt
groups. Monomers containing such groups are well known materials and are described in
. greater detail,- for example, in U.S. Patent 4,076,663 issued to Masuda et al. on
30 February28, 1978; and US. Patent 4,062,817 issued to Westerman on
December 13, 1977; which patents are incorporated herein by reference. One or more
types of such hydrophilic groups may be present in the monomer.
- Although this disclosure is generally in terms of the liquid precursor 40, it is to be
understood that substantially water-soluble homopolymers, copolymers, or reaction
35  products of the monomer may also be used in place of or in addition to the monomer form.
Such alternative starting materials include substantially water-soluble homopolymers of the
monomer and substantially water-soluble reaction products of the monomer or its
homopolymer and the internal crosslinking agent. For example, a substantially linear,
substantially water-soluble osmotic absorbent 24 can be formed by subjecting the liquid
40  precursor 40 to known polymerization conditions. A substantially water-soluble, partially

—+ Q
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38 thereof it is inportant the liquid - precur gorj 40 be i mobi lji Zed so
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22 and the desired pattern becones diffused or ingrgcise. |nmobilitzation

occurs t hrough curing the liquid precursor 4Q uUstmg—anysuitablie
technique as is well known in the

s crosslinked osmotic absorbent 24 may also be formed by reacting (e.g., by heating) the
liquid precursor 40 or linear polymer thereof with a crosslinking agent such as the
crosslinking agents herein. Such an osmotic absorbent 24 would typically have a low level
of crosslinking, e.g., less than about 5%.

" To immobilize the liquid precursor 40 upon its application to the capillary substrate
10 22, or more particularly, upon application to selected regions of the capillary substrate 22,
a thickening agent may be added to the liquid precursor 40 prior to application of the |
capillary substrate 22.  Suitable thickening agents include polyvinyl pyrolodine,
hydroxyethyl cellulose, preferably carboxymethyl cellulose and polyacrylic acid. The
thickening agent may be added in a concentration of 2 percent by wexght of thickening
15  agent to the hqmd precursor 40.
Preferably, the liquid precursor 40 has a kinematic viscosity of at least 2,000
centipoises, as measured by a Brookfield viscometer using a number 2 Shell cup at 20
_ degrees C and preferably a kinematic viscosity of at least about 4,000 centipoises.
If one does not wish to add a thickening agent to the liquid precursor 40, an acrylic
20  acid type liquid precursor 40 can be partially prepolymerized. Prepolymerization allows
for removal of residual monomers before the liquid precursor 40 is applied to the capillary
substrate 22. Minimizing residual monomers in the resulting osmotic absorbent 24 is
hlghly des;rable if the absorbent structure 20 is to be utilized in a disposable absorbent
article, such as a diaper or sanitary napkin, or is to be utilized in other applications where
25 epidermal contact may occur.
Immobilizing the liquid precursor 40 upon its application of the capillary substrate
22, or upon application to selected regions thereof, allows the liquid precursor 40 to be
polymerized in situ. As used herein, a liquid precursor 40 is considered to be polymerized
in situ if it is crosslinked or otherwise cured to form an osmotic absorbent 24 and
30 thereafter occupies substantially the same location on the capillary substrate 22 as when
originally applied thereto.
Referring to Figure 3, the absorbent structure 20 according to the present invention
may be made according to the illustrated apparatus 50. The illustrated apparatus 50
comprises three axially rotatable rolls 52, 54 and 56 preferably having mutually parallel
35 longitudinal axes: a metering roll 52, a transfer roll 54, and an anvil roll 56. The three
parallel rolls 52, 54 and 56 form a nip 58 and a gap 60. The nip 58 is between the
metering roll 52 and the transfer roll 54. The gap 60 is between the transfer roll 54 and
the anvil roll 56. o a
The metering roll 52 is a gravure roll disposed in a reservoir 62 of the liquid
40  precursor 40. Upon axial rotation the metering roll 52 transfers a particular quantity of
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15  roll 52 can alter the amount of liquid precursor 40 applied to the capillary substrate 22 at a
constant gap 60. Alternatively, it will be apparent the liquid precursor 40 may be applied
to the transfer roll 54 by spraying, submerging the transfer roll 54 in the liquid precursor
40, etc., and thereby eliminating the necessity for a metering roll 52, or by printing directly
from the met'eﬁng'roll 52 to the substrate 22 in the gap 60 formed between the metering
20 roll 52 and the anvil roll 56. |

As the capillary substrate 22 passes through the gap 60 between the transfér roll 54
and the anvil roll 56, liquid precursor 40 is applied to only the regions-38 of the capillary
substrate 22 which have an elevation 26 sufficient to contact the periphery of the transfer
roll 54. The transfer roll 54, does not contact the regions 34 of the capillary substrate 22

25  which rest against the anvil roll 56. Accordingly, no liquid precursor 40 is applied to these
portions of the capillary substrate 22. '

As noted above, by adjusting the clearance in the gap 60, different quantities of the
liquid precursor 40, and ultimately cured osmotic absorbent 24, may be applied to the
elevated regions 36 and 38 of the substrate. Generally, for the embodiments described

30  herein, liquid precursor 40 applied in the range of about 1 to about 500 milligrams per
square centimeter of capillary substrate 22 have been found suitable. Generally, a greater
quantity of osmotic absorbent 24 should be present on the capillary substrate 22 if the end
use of the absorbent structure 20 dictates it will handle larger volumes of fluid. Generally
a lesser quantity of the osmotic absorbent 24 should be present on the capillary substrate

35 22 if the end use of the absorbent structure 20 dictates concerns with gel blocking or the
ability to rapidly transport fluid to other areas of the absorbent structure 20.

The capillary substrate 22 for a particular absorbent structure 20 is selected
according to the trade-offs inherent in different factors (e.g., tensile strength, softness,
absorbency) affecting the performance of the absorbent structure 20 for the consumer.
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selected, based upon consumer preference, certain benefits become apparent. Particularly,
the capillary substrate 22 according to the present invention, having regions of different

10 elevations 26 (one elevational region 34 in contact with the anvil roll 56, the other
elevational region 38 in contact with the transfer roll 54) provides several advantages not
found in the prior art. First, a particular pattem of the liquid precursor 40 may be
deposited onto the capillary substrate 22, without requiring the transfer roll 54 to have
gravure plates or radially extending protuberances. Typically, transfer rolls 54 having

15  patterns are more difficult to manufacture than smooth surfaced transfer rolls 54, and

" usually have a shorter life due to the wear of the protuberances.

A second benefit of the claimed invention is the flexibility one who may not wish to
use a transfer roll 54 having a pattern, to achieve registration of the osmotic absorbent 24
with the regions of the capillary substrate 22 to which it was desired to dispose the liquid

20  precursor 40. Either gravure plates or radially extending protuberances must be precisely
registered with the regions 32 and 36 of a particular basis weight or density within the
capillary substrate 22 to which it is desired to apply the liquid precursor 40. Such
registration can be extremely difficult to achieve under even ideal manufacturing
conditions, as the different regions 32 and 36 of the capillary substrate 22 often occur on

25  near microscopic scale. Actual manufacturing is even more complex, because the pitch of
the different regions 32 and 36, and hence the opportunity for misregistration may change
with ordinary variations in tension as the capillary substrate 22 is drawn through the
apparatus SO, the overall basis weight of the capillary substrate 22, and other
manufacturing parameters. Production of the invention by the process depicted in Figure

30 3, ensures exact registration of application of the liquid precursor 40 to the desired regions
of the capillary substrate 22.

Third, one may wish to change the pattern of the liquid precursor 40 applied to the
capillary substrate 22, and hence the pattern of the osmotic absorbent 24 on the resulting
absorbent structure 20. According to the process of this invention, a single apparatus 50

35  having a transfer roll 54 with a smooth periphery may be utilized for multiple patterns. A
capillary substrate 22 having a different topography is selected iccording_to consumer
preference and inserted in the gap 60 between the transfer roll 54 and anvil roll 56, and the
clearance of the gap 60 adjusted as appropriate. The transfer roll 54 may continue to be

_provided with a smooth surface and any desired pattem achieved by simply changing the

40  capillary substrate 22. Such flexibility in manufacturing was unattainable in the prior art.
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: - substrate 22 and the desired pattern becomes diffused or imprecise. Immobilization occurs
through curing the liquid precursor 40 using any suitable technique as is well known in the
10 art. Particular and common techniques include electron beam irradiation and ultraviolet
light. As noted above, it is desirable that the liquid precursor 40 be cured into an osmotic
absorbent 24 as soon as possible after its application to the capillary substrate 22,
minimizing the opportunity for liquid precursor-40 to flow into other areas of the capillary
'~ substrate 22. Minimizing the opportunity for the liquid precursor 40 to flow into the other
15  areas of the capillary substrate 22 is particularly important if the topographically elevated
regions 38 of the capillary substrate 22 to which the liquid precursor 40 is applied have a
lower density than the topographically lower regions 34 of the capillary substrate 22 to
which the liquid precursor 40 is not applied. _ o
~ Curing, and in particular in situ curing, of the liquid precursor 40 can be
20 accomplished by any means that initiates and causes polymerization of a free radical
. initiator such as ‘2-hydroxy-iso-butyrophenone or 2, 2-azobis (2-amidino propane)
dihydrochloride is included in the rmonomer forming the liquid precursor 40, heat, light
(either ‘visible or ultraviolet radiation), or ionizing radiation can initiate and cause the
polymerization reaction. If one desires, an osmotic chemistry which does not utilize a free
25 radical initiator may be incorporated, thereby allowing any other appropriate initiator to be
used. If orie does not wish to include a free radical initiator, electron beam irradiation may
be used to otherwise create free radicals which start the curing reaction. This curing
process polymerizes and transforms the liquid precursor 40 into a-solid osmotic absorbent
24 polymer. Thus, according to the present invention, the liquid precursor 40 is
30  polymerized in situ without requiring an additional step between the application of the
liquid precursor 40 and its polymerization to dispose and immobilize the osmotic
absorbent 24 on the capillary substrate 22 in the desired location and pattern. :
Several variations according to the present invention are feasible. For exampie, if
desired, one may construct a capillary substrate 22 having an.essentially continuous
35 network region 34 and discrete regions 38 which differ according to basis weight rather
than density. If such a capillary substrate 22 is selected, it may be advantageously made
using a forming wire according to Figure 4 of commonly assigned U.S. Patent 4,514,345
issued April 30, 1985 to Johnson et al., or the forming wires disclosed in U.S. Patent
5,245,025 issued September 14, 1993 to Trokhan et al.,, which patents are incorporated
40  herein by reference for the purpose of showing how to make a capillary substrate 22
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speed at which fluids deposited onto the osmotic absorbent 24 can be acquired and held
15 thereby, and gel volume - the amount of fluid absorbed on a grams per gram basis.
Generally, for a particular. osmotic absorbent 24 the gel strength is inversely proportional
to gel volume and absorption rate. If desired, an osmotic absorbent 24 having a more
rapid absorption rate may be utilized at or near the center of the absorbent structure 20.
Prophetically, in such an embodiment liquid insults are rapidly absorbed and do not readily
20 flow to the perimeter of the absorbent structure 20 where leakage may occur if the liquids
breach the perimeter. .
_ Altematively, the absorbent structure 20 may have an osmotic absorbent 24 with a
faster absorption rate near the perimeter. This arrangement prophetically provides the
advantage that lxqutds near the perimeter are rapxdly absorbed before a breach of the
25  perimeter can occur.
Similarly, the osmotic absorbent 24 near the center of the absorbent structure 20
. may have a relatively greater gel strength. The relatively greater gel strength provides for
relatively greater retention of liquid insults which are deposited near the center of the
absorbent structure 20, so that such absorbed insults are less likely to approach the
30  perimeter of the absorbent structure 20.

At or near the perimeter, an osmotic absorbent 24 having a higher gel strength but
slower acquisition rate may be utilized. This osmotic absorbent 24 provides for greater
retention of absorbed liquids, but can accommodate the slower acquisition due to the
insult only being received indirectly by the perimeter since the liquid insult first occurs at

35 the higher acquisition rate osmotic absorbent 24 disposed at or near the center of the
absorbent structure 20. Either of the foregoing arrangements' provides a transverse
gradient with respect to the acquisition rate and gel strength properties of the osmotic
absorbent 24 of the absorbent structure 20.

Prophetically, an absorbent structure 20 having osmotic absorbents 24 of differing

40  gel strengths and/or acquisition rates may be made by utilizing a reservoir 62 having plural
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chambers. Each adjacent chamber contains a different liquid precursor 0. The chambers
are made by .inserting one or more machine direction oriented partitions in the reservoir

“62. The partitions correspond to the desired boundaries of the different types of osmotic

absorbent 24 in the resulting absorbent structure 20. Of course, the transfer roll 54 and
anvil roll 56 are relieved in registration with the partitions, to obviate transfer of liquid
precursor 40 between adjacent partitions. -

A particularly preferred reservoir 62 has three chambers, spaced apart in the cross
machine direction. The two outboard chambers each contain identical liquid precursor 40
having, by way of example, a relatively higher gel strength but relatively slower absorption
rate upon polymerization. The central chamber contains a liquid precursor 40 having, by
way of example, a relatively faster absorption rate but relatively low gel strength upon
polymerization. '

Of course, it will .be apparent to one skilled in the art that the three (or any other
number as desired) independent chambers need not be of equal width in the cross machine
direction. The width of the chambers may be adjusted, as desired, to tailor the absorbent
characteristics of the capillary substrate 22 of the resulting absorbent structure 20 to the
needs dictated by the end use of the absorbent structure 20.

Prophetically, another process by which a transverse gradient of osmotic absorbent
24 properties may be imparted to the absorbent structure 20 utilizes multiple printing
stations. At the first printing station, a transfer roll 54 and anvil roll 56 of a desired width
and desired cross machine direction position are provided. The transfer roll 54 is
immersed in a liquid precursor 40 having the particularly desired characteristics described
above. This liquid precursor 40 is printed onto the capillary substrate 22 in register with
the desired position (i.e., central trisection, etc.) and corresponding to the width and cross
machine direction position of the transfer roll 54. '

At the second printing station, another transfer roll 54 and anvil roll 56 are
provided. This transfer roll 54 and anvil roll 56 are also régistered at a particular cross
machine direction position of the capillary substrate 22 and have a desired width. Of
course, two outboard transfer rolls 54 and anvil rolls 56 may be used in tandem at a
particular printing station of the apparatus 50.

In any event, multiple printing stations may be utilized, as described above, with one

~ or more transfer rolls 54 and anvil rolls 56 at each printing station in order to produce an

absorbent structure 20 having a transverse gradient with respect to the properties of the
osmotic absorbent 24 according to the process of the present invention.

An arrangement of different osmotic absorbents 24 having a transverse gradient may
be particularly useful if the absorbent structure 20 is incorporated into the core of a
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reference for the purpose of showing how to incorporate the absorbent structure 20 of the
15  present invention into disposable absorbent articles. It will be apparent to one skilled in
the art that several other variations are feasible, all of which are included within the scope
of the appended claims.
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passing said capillary substrate through said gap, whereby there is a relative
difference in position in said gap between predetermined regions of said
capillary substrate and corresponding regions of said transfer roll, whereby
said predetermined regions of said capillary substrate contact said
corresponding regions of said transfer roll;

applying said liquid precursor from said corresponding reglons of saxd transfer roll
to said predetermined regions of said substrate; and '

polymerizing said liquid precursor in situ to form an immobilized osmotic absorbent
on said predetermined region of said substrate. '

2. A process for producing an absorbent structure having both osmotic and capillary
absorbing capabilities, said process comprising the steps of:
providing a transfer roll and an anvil roll, said rolls being disposed in axially parallel
_ relationship to form a gap therebetween;

providing a liquid precursor on the periphery of said transfer roll;

providing a capillary absorbent substrate, said capillary substrate having
topographically elevated regions and being oriented so that said
topographically elevated regions are oriented towards said transfer roll while
said capillary substrate is in said gap, said capillary substrate resting against
said anvil roll while in said gap;

passing said capillary substrate through said gap;

applying said liquid precursor from the periphery of said offset transfer roll to said

topographically elevated regions of said substrate; and

polymerizing said liquid precursor in situ to form an immobilized osmotic absorbent
on said substrate.
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The process according to Claims 1 and 2 further comprising the steps of:
providing a reservoir;
disposing said liquid precursor in said reservoir;

~ providing a metering roll in contacting relationship with said transfer roll, said

metering roll and said transfer roll being juxtaposed to form a nip -
therebetween; and

disposing said metering roll in said liquid precursor, whereby upon rotation of said
metering roll liquid precursor is transferred from said reservoir to said
metering roll to said periphery of transfer roll for application to said capillary
substrate.

The process according to Claims 1, 2, 3 and 4 characterized in that said reservoir is
divided into a plurality of independent chambers and further comprising a plurality
of liquid precursors having different gel strengths and/or different absorption rates
upon polymerizing are provided in said different chambers, and preferably said steps
of dividing. said reservoir into plural independent chambers comprises the step of

. trifurcating said reservoir into three chambers, two outboard chambers and a central

chamber, and more preferably said step of depositing different liquid precursors into
said trifurcated reservoir comprises providing liquid precursors having a relatively
higher gel strength in said central chamber reservoir than said liquid precursor in
said outboard chambers and providing a liquid precursor having a relatively faster
absorption rate in said outboard chambers than said liquid precursor in said central
chamber.

The process according to Claims 1, 2, 3 and 4 further comprising the steps of:

providing a plurality of pairs of transfer rolls and anvil rolls, each said pair having a
transfer roll and an anvil roll disposed to form a gap therebetween;

providing a liquid precursor on the periphery of each said offset transfer roll;

passing said capillary substrate through said gaps between said pluralities of transfer
rolis and anvil rolis; and

applying said liquid precursor to said topographically elevated regions of said

substrate, characterized in that the liquid precursor applied by one said transfer roll

has different characteristics than said liquid precursor applied by a different said

transfer roll, and preferably said plurality of transfer rolls comprises a first transfer

‘roll which applies a centrally disposed liquid precursor to said capillary substrate;
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and two outboard transfer rolls -which apply liquid precursor to said capillary
substrate in a cross machine direction position outboard of said liquid precursor
applied by said first transfer roll.

6. The process according to Claims 1 and 2 further comprising the step of
prepolymerizing said liquid precursor prior to its application to said substrate,
thereby reducing residual monomers after polymerization. '

7.  The process according to Claims 1, 2, 3, 4, S and 6 further compfis‘ing the steps of
adding a thickening agent to said liquid precursor, and preferably said liquid
precursor has a kinematic viscosity of at least about 4,000 centipoises while in said
reservor. .

8.  The process according to Claims 1, 2, 3,4, 5, 6 _and 7 characterized in that said
capillary substrate comprises a continuous high density region.

9.  The process according to Claims 1, 2, 3, 4, 5, 6, 7 and 8 characterized in that said
capillary substrate comprises discrete low density regions. '

10. The absorbent structure produced by the process of Clmms 1,2,3,4,5,6,7, 8
’ and9

This Sheet Has Been Replaced
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predeterm ned regions of said capillary substrate and
correspondi ng regions of said trERRIUGED THEREBY cpy sai d
predetermined regions of said capillary substrate contact said
correspondi ng regions of said transfer roll; appl ying said

|l iquid precursor from said correspondi ng regions of said transfer rol
to said predetparavessl faxiwaking sni dbsolbbt nat strawture (20) having a

i o g R e
(24) on the capillary substrate. The osmotic absorbent is
cured from a liquid precursor (40) applied to the capillary
substrate. The capillary substrate has regions (34, 38) of
‘topographically different elevations (26), taken normal to
the plane of the capillary substrate. The capillary
substrate is passed through a gap between a transfer roll
and an anvil roll in a printing apparatus. The transfer
roll has a liquid precursor on its periphery. The liquid
precursor is applied to only the topographically elevated
regions of the capillary substrate which contact the
periphery of the transfer roll. By changing the topography
of the capillary substrate, the liquid precursor can be
applied to the capillary substrate in different'pattern,
without changing the transfer roll. This arrangement allows
for absorbent structures having various patterns of osmotic
‘absorbent on a éapillary substrate to be readily produced
with great flexibility in the manufacturing process.

Figure 1 .
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16 3. The process according to Cla|n12 further;conp#rs+ﬁg~rh steps
of : providing a reservoir; di sposi ng sa|d¥I;qU|d pr Ea

said reservoir, providing a netering roll in cohtactﬂh Aﬁéﬁg? EEShIp
with said transfer roll, said nmet eri ng, || and_said tr.ansfer
roll being juxtaposed to forma nip theregetmeen and

di sposing said netering roll in said liquid precursorLJMMauyahfﬁmwr—“’
rotation of said ~ ‘metering roll liquid precursor is transferred
fromsaid reservoir to said % metering roll to said periphery of
transfer roll for application to sal@d capillary substrate.

Fig. 3
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4. .The procéss accordi ng to Caim?2 \/\herel n sal d REPOUrEMBNS RENET evaiged

regi ons of said capillary substrate are tl&béjynﬁhﬁprﬁbéé ..... 30 pagdle...
process according to Cl aim3 wherein said reser Ok e‘_l; g % ged 1y
plurality of Ll“]“lul'muﬁz HH"'chanbers and fur}h@r&gg (é)s e@...Pt E-&X...
of liquid prec ; diffepgnt gel] qﬁ % (? f g@t
absorption rates upon” pol yrmeri'zing are prbwé I'n sai f o dhEse -
chanbers. 6. The process -according to Caim V\IhQLGI n said ste .{
dividing said reservoir into pl ural i ndej cHéeft CEnRREEIRT o F+:Ses

the step of. trTﬁé‘fwﬁﬁst%c@@ir@ toClamvDfiithentsmprising the sfegpsof:chanber s,  two
out board chanbers fa a central chanber. 7. The process according to
Cl ai m 6 wherei A" %%f“éﬁ foial *depositing different liquid precursors

into said-trif dispesingisaidquid precursonjarsaislassqovaini di ng |i quid precursors.
having a relat b?(ﬁ*&ira% agﬂl%fenﬂglroﬁtlﬁemft&txgé‘oréﬁh%sﬁgf'm& Al AFdSter rr@ﬂe%i@' r

t han sai d

rsor 05 ers an&l rovidi ng a
| i quid precursor hz!mt%)“&'a roll and sﬁ’él é@ﬂ%féﬁy' laQF’ég %?&Pﬁq df 3 MBai d
out board chanbers thagbdtwesh; lahdiui d precursor in said central

¢ hahber ' disposing said metering roll in said liquid precursor, whereby upon rotation of said

metering roll liquid precursor is transferred from said reservoir to said
metering roll to said periphery of transfer roll for application to said capillary
substrate.

4.  The process according to Claim 2 wherein said topographically elevated regions of
said capillary substrate are mutually discrete.

5. The process according to Claim 3 wherein said reservoir is divided into a plurality of
independent chambers and further comprising a plurality of liquid precursors having
different gel strengths and/or different absorption rates upon polymerizing are
provided in said different chambers,

6. The process according to Claim 5 wherein said steps of dividing said reservoir into
plural independent chambers comprises the step of trifurcating said reservoir into
three chambers, two outboard chambers and a central chamber.

7. The process according to Claim 6 wherein said step of depositing different liquid
precursors into said trifurcated reservoir comptises providing liquid precursors.
“having a relatively higher gel strength in said central chamber reservoir than said
liquid precursor in said outboard chambers and providing a liquid precursor having a
relatively faster absorption rate in said outboard chambers than said liquid precursor

in said central chamber, '

8.  The process according to Claim 3 further comprising the steps of!
providing a plurality of pairs of transfer rolls and anvil rolls, each said pair having a
transfer roll and an anvil roll disposed to form a gap therebetween;
providing a liquid precursor on the periphery of each said offset transfer roll,
passing said capillary substrate through said gaps between said pluralities of transfer

rolls and anvil rolls; and - REPLACEMENT SHEET

17 SEP 1999




8. .The process._ ording to Cdaim3 further conprising the steps of:
providing a plurality of pairs of transfer rolls and anvil rolls, each said

pair having a “wmm'"l sfer roll and an anvil roll disposed to form
a gap therebet """',H“Wl ding a liquid precursor on the periphery of
each said offsef ttarlsfedr solt; jpassing said capillary substrate

t hrough said gaps between said pluralities of transfer

17 applying said liquid precursor to said topographically elevated
regions of said substrate, wherein the liquid precursor applied

by one said tg5yhih@ saidOlijuiBasrecursor to said topobfaphically elevandt figictisi 66 shidan

said liquid pr ecug;x‘fbosEra?e? F\)nlrﬂe?eqn l%l\(e ﬂqz%fﬂcrgéu?sﬂatr asi)%iigd by one said transfer roll has
different charactenistics than said liquid precursor applied by a different said
cransfer roll. '

9.  The process according to Claim 8 wherein said plurality of transfer rolls comprises a
first transfer roll which applies a centrally disposed liquid precursor to said capillary
substrate; and two outboard transfer rolls which apply liquid precursor to said
capillary substrate in a cross machine direction position outboard of said liquid
precursor applied by said first transfer roll. '

10. The process according to Claim 2 further comprisihg the step of prepolymerizing
said liquid precursor prior to its application to said substrate, thereby reducing

residual monomers after polymerization.

11. The process according to Claim 2 further comprising the steps of adding a
thickening agent to said liquid precursor.

12. The process according to Claim 11 wherein said liquid precursor has a kinematic
viscosity of at least about 4,000 centipoises while in said reservoir.

13. The process according to Claim 2 wherein said step of polymerizing said liquid
precursor occurs by irradiation or elevated temperatures.

14. The process according to Claim 4 wherein said capillary substrate comprises a
continuous high density region.

15, The process according to Claim 14 wherein said capillary substrate further
comprises discrete low density regions.

16.  The absorbent structure produced by the process of Claim 1.
17. The absorbent structure produced by the process of Claim 2.

18. The absorbent structure produced by the process of Claim 4.



transfer roll. 9. sThe process according to Claim8 wherein said

plLurality oftransfer—+otHs—conprises a first transfer roll which
applies a centrally di | iquid precursor to said capillary
substrat e; at!l‘“jﬂi mﬁﬂﬁ l|r ansfer rolls which apply liquid precursor to

sai d o e in a crogg machine direction position

out board of said liquid _ precursor applied by said first transfer
roll. 10. The process according to Claim2 further conprising the step of
prepol yneri zi ng said liquid precursor prior to its application to

sai d substygat erhd {tabRIext Adusre peoduced by theproeess ofClaimér s af t er
polyneri zation. 11. The process according to Caim 2 further conprising

the steps of adding a thickening agent to said liquid precursor. 12.
The proce<0. acthe sbsorbenbstaictinnptaducd by the pracess pf Glaim 8pr ecur sor has a
ki nematic viscosity of at |east about 4,000 centipoises while in said

reservoir. 13. The process according to d ai m% v\,helrei n said step of
pol yneri zi2ly sThejahsoghangstructure produced by the process of Claim 10.

22, The absorbent structure produced by the process of Claim 12.
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precursor occurs by i~radiation or elevated tenperatures: 14. The
process according to Caim4 wherein*“sai'd capillary substrate conprises a
conti nuous high density region. 15. The process according to Claim 14
wherein said capillary substrate further conprises discrete | ow
density regions. 16. The absorbent, structure produced by the process of
Claiml. 17. The absorbent structure produced by the process of Caim 2.
18. The absorbent structure, produced by the process of O aim4.

PROCESS OF MAKING STRUCTURES AND ABSORBANT STRUCTURES
PRODUCED THEREBY

ABSTRACT

A process for making an absorb nt structure (20) having a
capillary substrate (22) and regions of osmotic absorbent
(24) on the capillary substrate. The osmotic absorbent is
cured from a liquid precursor (40) applied to the capillary
substrate. The capillary substrate has regions (34, 38) of
topographically different elevations (26), taken normal to
the plane of the capillary substrate. The capillary
substrate is passed through a gap between a transfer roll
and an anvil roll in a printing apparatus. The transfer
roll has a liquid precursor on its periphery. The liquid
precursor is applied to only the topographically elevated
regions of the capillary substrate which contact the
periphery of the transfer roll. By changing the topography
of the capillary substrate, the liquid precursor can be
applied to the capillary substrate in different pattern,
without changing the transfer roll. This arrangement allows
for absorbent structures having various patterns of osmotic
absorbent on a capillary substrate to be readily produced
with great flexibility in the manufacturing process.

Figure 1
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i9. The abéorbent istructure produced by t he process of C aim 6.
absorbent structure produced by the process of C aim 8.
strucgture_ produced by the process of Caim10. 22. The absg

structure produced by the process of Claim 12.
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