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(57) ABSTRACT 

An absorbent member is disclosed Which has a high absor 
bent capacity and Which exhibits exceptional expansion 
properties When Wetted by an aqueous ?uid. The absorbent 
member includes a multitude of randomly oriented cellulo 
sic ?bers having an average length of from betWeen about 1 
mm to about 5 mm and containing at least about 20% lignin 
Within each ?ber. The absorbent member also has a moisture 
content of from betWeen about 1% to about 20% Water by 
Weight of ?ber. The absorbent member further has a bulk 
density in the range of from betWeen about 0.5 g/cc to about 
1 g/cc and a compression factor of at least about 5. The ?bers 
are stressed and bonded by hydrogen bonds and are retained 
in an elastically stressed condition. 
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ABSORBENT MEMBER EXHIBITING 
EXCEPTIONAL EXPANSION PROPERTIES WHEN 

WETTED 

FIELD OF THE INVENTION 

[0001] This invention relates to an absorbent member 
having a high absorbent capacity and exhibiting exceptional 
expansion properties When Wetted. More speci?cally, this 
invention relates to an absorbent member exhibiting excep 
tional expansion properties When Wetted by an aqueous 
solution. 

BACKGROUND OF THE INVENTION 

[0002] Most traditional absorbent structures consist of a 
static netWork of ?bers Which contain a plurality of open 
areas located betWeen the ?bers. The open areas retain 
aqueous ?uid Which is absorbed by the absorbent structure. 
The majority of ?uid is not absorbed into each individual 
?ber but instead most ?uid is retained Within the empty 
spaces Which are formed in the netWork of cellulosic ?bers. 
If the traditional absorbent member has a high absorbent 
capacity it usually does not have a high Wicking rate. The 
reason for this is that the ?rst attribute is in con?ict With the 
second attribute. 

[0003] Efforts to ?nd absorbent members Which have both 
a high absorbent capacity as Well as a high Wicking rate have 
only been marginally successful. It has been recogniZed that 
the dynamic properties of the ?bers themselves somehoW 
have to be changed. Some success has been obtained in 
calendering a Wet laid netWork of bleached chemi-thermo 
mechanical pulp (BCTMP). For this material, small expan 
sion or release of potential energy upon Wetting of the 
absorbent ?bers Was observed Which can enhance the absor 
bent capacity and Wicking rate of the absorbent member. It 
is believed that this occurs because the absorbent ?bers are 
oriented, to a large extent, in the horiZontal plane but With 
some modest “Z” direction to the ?ber axis as they conform 
to an irregular surface of the forming Wire. The high to loW 
position of the forming Wires is about 0.020 to about 0.025 
inches (about 0.508 mm to about 0.635 When the 
tissue sheet is hot calendered at high pressure, this high to 
loW shaping (or bumps in the sheet) is smoothed out. It is 
believed that the heat mobiliZes any Water present in the 
?bers, and the close proximity of ?ber surfaces (intra and 
inter) alloWs hydrogen bonds to form With very little Water 
present. When the ?attened sheet is exposed to Water, the 
hydrogen bonds break and the ?bers return to their original 
shape. Since the Wet laid sheet has a Wet strength agent 
added, e.g., Kymene, the ?bers stay attached to each other 
in the netWork therefore the sheet returns to its original 
bumpy state before calendering. These bumps or pockets on 
the surfaces hold more moisture than the ?at sheet but a large 
portion of that moisture is not bound Within the sheet 
structure. 

[0004] It has also been observed that the open spaces 
Within the ?ber structure (void volume) of most traditional 
absorbent members, such as a paper toWel, is limited. This 
is primarily due to tWo characteristics. First, the traditional 
absorbent member is restricted from expanding by the 
presence of Wet strength bonds Which limit or reduce the 
ability of the absorbent member to expand. Second, the axis 
of ?bers of a traditional absorbent member are essentially 
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oriented in only the x and y directions, not in the Z-direction. 
This limits the absorbent member from being able to expand 
in three directions, thus reducing both its absorbent capacity 
and Wicking rate. 

[0005] Other attempts to increase the absorbent capacity 
and Wicking rates of a traditional absorbent member have 

included the addition of superabsorbent particles Superabsorbent particles have the ability to expand in siZe as 

they absorb ?uid and also have the ability to retain ?uid. 
HoWever, the use of superabsorbent particles is disadvanta 
geous in that most are very expensive and some of them tend 
to be rather sloW in absorbing ?uid. In addition, the relative 
absorbent capacity of most superabsorbent material is 
adversely affected by pressure and by ionic salts Which are 
present in certain aqueous ?uids, such as urine. Therefore, 
they present certain draWbacks to being used in disposable 
absorbent products such as diaper, training pants, inconti 
nence garments, feminine napkins, meat and poultry pads, 
and the like. 

[0006] NoW it has been recogniZed that there is a real need 
for an absorbent member Which has both a high absorbent 
capacity and a high Wicking rate as Well as the ability to 
rapidly expand in at least one direction When Wetted by an 
aqueous ?uid. 

SUMMARY OF THE INVENTION 

[0007] Brie?y, this invention relates to an absorbent mem 
ber Which has a high absorbent capacity and Which exhibits 
exceptional expansion properties When Wetted by an aque 
ous solution. The absorbent member is constructed from a 
multitude of randomly oriented cellulosic ?bers containing 
at least about 20% lignin Within the ?bers. The ?bers have 
an average length of from betWeen about 1 mm to about 5 
mm. The absorbent member can have a moisture content of 
betWeen about 1% to about 20% Water by Weight of ?ber and 
has a density in the range of betWeen about 0.5 g/cc to about 
1 g/cc. The absorbent member can have a compression 
factor of at least about 5. The ?bers are elastically stressed 
or strained and bonded together by hydrogen bonds (both 
intra and inter ?ber bonds) Which constrain the ?bers in an 
elastically stressed condition. The ?bers, When retained in an 
elastically stressed condition can exhibit a dynamic releas 
able force of at least about 60 psi. 

[0008] The general object of this invention is to provide an 
absorbent member having a high absorbent capacity and 
Which exhibits exceptional expansion properties When Wet 
ted. Amore speci?c object of this invention is to provide an 
absorbent member Which exhibits exceptional expansion 
properties When Wetted by an aqueous solution. 

[0009] Another object of this invention is to provide an 
absorbent member Which is capable of rapidly expanding in 
a selected direction opposite to the direction of a force vector 
used to induce the stressed or strained condition. 

[0010] A further object of this invention is to provide an 
absorbers member Which can expand against signi?cant 
resisting force or pressure. 

[0011] Still another object of this invention is to provide 
an absorbent member Which is easy to construct and rela 
tively inexpensive. 
[0012] Still further, an object of this invention is to provide 
an absorbent member Which exhibits a rapidly changing 
capillary structure When Wetted by an aqueous solution. 
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[0013] Other objects and advantages of the present inven 
tion Will become more apparent to those skilled in the art in 
vieW of the following description and the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective vieW of an absorbent 
member of this invention exhibiting a multitude of randomly 
oriented cellulosic ?bers present in the x, y and Z directions. 

[0015] FIG. 2 is a perspective vieW of an individual 
cellulosic ?ber. 

[0016] FIG. 3 is a perspective vieW of four randomly 
oriented ?bers Which are bonded together by hydrogen 
bonds. 

[0017] FIG. 4 is a photomicrograph of a bleached chemi 
thermo-mechanical pulp ?bers in a dry state and taken at 20x 
magni?cation. 
[0018] FIG. 5 is a photomicrograph of a bleached chemi 
thermo-mechanical pulp ?bers after contact With Water and 
taken at 20x magni?cation. 

[0019] FIG. 6 is a graph of an absorbent member, formed 
from bleached chemi-thermo-mechanical pulp and having a 
density of 0.66 g/cc and a compression factor of about 33, 
Which compares volume change measured as a percentage 
along the y-axis, to a change in time measured in seconds 
along the x-axis. 

[0020] FIG. 7 is a graph of an absorbent member, formed 
from bleached chemi-thermo-mechanical pulp and having a 
density of 0.74 g/cc and a compression factor of about 37, 
Which compares volume change measured as a percentage 
along the y-axis, to a change in time measured in seconds 
along the x-axis. 

[0021] FIG. 8 is a graph of an absorbent member, formed 
from bleached chemi-thermo-mechanical pulp and having a 
density of 0.92 g/cc and a compression factor of about 46, 
Which compares volume change measured as a percentage 
along the y-axis, to a change in time measured in seconds 
along the x-axis. 

[0022] FIG. 9 is a schematic representation of an absor 
bent member positioned betWeen tWo opposing platens 
Which are mechanically and electrically connected to an 
Instron tester to record the pressure generated as the absor 
bent member expands. 

[0023] FIG. 10 is a graph of an absorbent member, formed 
from bleached chemi-thermo-mechanical pulp and having a 
density of 0.64 g/cc and a compression factor of about 32, 
Which compares the pressure needed to constrain expansion 
of the absorbent member, measured in psi along the y axis, 
to a change in volume, measured along the x-axis. 

[0024] FIG. 11 is a graph of an absorbent member, formed 
from bleached chemi-thermo-mechanical pulp and having a 
density of 0.79 g/cc and a compression factor of about 39.5, 
Which compares the pressure needed to constrain expansion 
of the absorbent member, measured in psi along the y axis, 
to a change in volume, measured along the x-axis. 

[0025] FIG. 12 is a graph of an absorbent member, formed 
from bleached chemi-thermo-mechanical pulp and having a 
density of 0.94 g/cc and a compression factor of about 47, 
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Which compares the pressure needed to constrain expansion 
of the absorbent member, measured in psi along the y axis, 
to a change in volume, measured along the x-axis. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] Referring to FIG. 1, an absorbent member 10 is 
shoWn Which is constructed from a multitude of randomly 
oriented cellulosic ?bers 12. The absorbent member 10 has 
a high absorbent capacity and exhibits exceptional expan 
sion properties When Wetted by an aqueous ?uid, such as 
Water. The ?bers 12 have an average length of from betWeen 
about 1 mm to about 5 mm and are preferably cellulosic 
softWood ?bers Which are relatively stiff. The ?bers 12 are 
randomly oriented and elastically stressed or strained in one 
or more selected directions. Preferably, the ?bers 12 are 
chemi-thermo-mechanical softWood ?bers, and most pref 
erably, they are bleached chemi-thermo-mechanical soft 
Wood ?ber. The bleaching masks the yelloW color Which 
occurs because of the high percentage of lignin Which is 
retained Within each ?ber. 

[0027] Preferably, the ?bers 12 should be non-linear in 
con?guration. At least a majority of the ?bers 12 should be 
non-linear in con?guration and exhibit a curved, bent, 
crimped, kinked, arcuate, contorted, curled or some other 
non-linear shape. By “kinked” it is meant a tight bend or a 
sharp tWist in a tube-like ?ber. It should be noted that the 
entire ?ber does not have to be curved, bent, crimped, 
kinked, etc. but that at least a portion of the ?ber should 
exhibit a non-linear geometrical shape. The more each ?ber 
12 is contorted or formed into a non-linear shape, the better 
the absorbent properties of the absorbent structure 10. Linear 
?bers can be used but they should only represent a minority 
of the overall ?bers present. Preferably, less than 40% of the 
?bers 12 should be linear. 

[0028] Each ?ber 12 should contains at least about 20% 
lignin and With the remaining 80% being cellulosic materials 
Which includes cellulose plus hemicellulose and other minor 
Wood components. Lignin is the chief non-carbohydrate 
constituent of Wood and other ?brous plants. Lignin is a 
polymer Which functions as a natural binder and provides 
support for the cellulosic ?bers. The lignin is present both 
Within each ?ber and betWeen adjacent ?bers. For purposes 
of this invention, it is important that the required percent of 
lignin be present Within each ?ber 12. The presence of the 
lignin Within each ?ber 12 makes the ?bers 12 stiffer and 
more dif?cult to bend. This is a major difference from 
traditional unbonded cellulosic absorbent ?bers Which are 
typically bleached southern softWood Kraft ?bers Which 
contain very little if any lignin Within the ?ber itself. Hence, 
the traditional ?bers are soft and limp. Lignin functions as 
a thermoplastic reinforcing material Which alloWs the ?bers 
to return to a natural tubular state upon Wetting. Cellulose 
and hemicellulose give the ?bers hydrophilic properties and 
the ability to form hydrogen bonds in the presence of small 
amounts of Water. 

[0029] One Will notice from vieWing FIG. 1 that the ?bers 
12 are randomly oriented and densely compacted. The 
primary axis of each ?ber can be oriented in the x-direction, 
in the y-direction or in the Z-direction. This three dimen 
sional, random orientation is bene?cial in creating a high 
absorbent capacity and a high Wicking rate Within the 
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absorbent member 10. To the contrary, most traditional 
?bers Which have been Wet-laid into a ?brous sheet have 
virtually all of the ?bers laid With their long axis in the x-y 
plane and a signi?cant number of the ?bers lie in the 
machine direction (MD) or x-direction. Essentially none of 
the Wet-laid ?bers are oriented in the vertical or Z-direction. 

[0030] The ?bers 12 of this invention are elastically 
stressed into an extremely compacted condition to form an 
entangled mass Which is held together by a plurality of 
hydrogen bonds. Some of the ?bers 12 are held in compres 
sion, some in bending and some in shear. These can be both 
inter ?ber hydrogen bonds and intra ?ber hydrogen bonds. 
This is an environment Wherein almost every ?ber 12 is 
retained in an elastically stressed or non-relaxed condition. 
The stress forces may be applied in more than one direction. 

[0031] Referring noW to FIG. 2, an individual ?ber 12 is 
depicted having a diameter “d” of less than about 50 
microns, preferably a diameter “d” of from betWeen about 
10 to about 40 microns, and most preferably, a diameter “d” 
of from betWeen about 20 to about 30 microns. Each ?ber 12 
also has a length “I” of less than about 5 millimeters, 
preferably the length “I” is from betWeen about 1 to about 
5 millimeters, and most preferably, the length “I” is from 
betWeen about 1 to about 3 millimeters. As With most natural 
materials, there is a distribution of properties, so that stated 
dimensions do not limit this invention. 

[0032] Each cellulosic ?ber 12 has a moisture content of 
from betWeen about 1% to about 20% Water by Weight of 
?ber. Preferably, the moisture content of each ?ber 12 is 
from betWeen about 2% to about 15% Water by Weight of 
?ber, and most preferably, the moisture content of each ?ber 
12 is from betWeen about 5% to about 15% Water by Weight 
of ?ber. This level of moisture is required to obtain hydrogen 
bonding. HoWever, the absorbent member 10 could be 
heated until dry after bonding Where the moisture level 
Within the absorbent has essentially dropped to Zero. The 
cellulosic ?bers 12 in a non-stressed, unbonded condition 
have a bulk density of at least 0.01 grams per cubic 
centimeter (g/cc). Preferably, the bulk density of all the 
non-stressed ?bers 12 is from betWeen about 0.02 g/cc to 
about 0.1 g/cc, and most preferably, the bulk density of all 
the non-stressed ?bers 12 is from betWeen about 0.05 g/cc 
to about 0.08 g/cc. 

[0033] The loW bulk density of the cluster of non-stressed, 
unbonded ?bers alloWs for a high level of elastic stress to be 
induced into the ?bers just before bonding them together. 
This initial high level of elastic stress is empirically related 
to the dynamic force and the potential energy that is released 
When the absorbent member is exposed to an aqueous ?uid. 
Generally, this initial high level of elastic stress is induced 
into the ?bers through compression or compaction. HoW 
ever, the recoverable portion of the initial elastic stress, also 
knoWn as the releasable dynamic force, is not 100 percent, 
since the compression force used to generate the initial 
elastic stress in the ?bers is a function of elastic ?ber 
compression plus movement or displacement of the ?bers 
and some plastic deformation of the ?bers. Generally, the 
releasable dynamic force is betWeen at least about 10% of 
the compression force to about 75% of the compression 
force. 

[0034] Referring again to FIG. 1, it should be noted that 
the absorbent member 10, When the cellulosic ?bers 12 are 
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in an elastically stressed condition, Will have a density, 
sometimes referred to as “bulk density,” of from betWeen 
about 0.2 g/cc to about 1 g/cc. Preferably, the bulk density 
of the absorbent member 10 is betWeen about 0.2 g/cc to 
about 0.8 g/cc, and most preferably, the bulk density of the 
absorbent member 10 is betWeen about 0.5 g/cc to about 0.8 
g/cc. This density is still beloW the density of the cellulose 
Walls of the individual ?bers 12 Which is approximately 1.4 
g/cc. Therefore, there is still a signi?cant but reduced 
amount of open space in the stressed and bonded absorbent 
member 10, about 33% versus 98.6% for an unstressed and 
unbonded air laid absorbent structure of ?bers. 

[0035] Generally, the randomly oriented ?bers 12 of the 
absorbent member 10 must be compressed or compacted 
from a relatively loW bulk density to a relatively high bulk 
density in order to induce a suf?cient amount of elastic stress 
into the ?bers. In order to induce a suf?cient amount of 
elastic stress into the ?bers to generate the exceptional 
expansion properties of this absorbent member 10, the bulk 
density of the ?bers must be increased as the ?bers are 
elastically stressed into the extremely compacted form of the 
absorbent member. Preferably, the absorbent member 10 has 
a compression factor of at least about 5. More preferably, the 
absorbent member 10 has a compression factor of at least 
about 20, and most preferably, the absorbent member 10 has 
a compression factor of at least about 45. The compression 
factor of the absorbent member 10 is calculated by dividing 
the bulk density of the absorbent member 10 by the bulk 
density of the non-stressed, unbonded ?bers 12 before 
compression. For example, an absorbent member 10 With a 
bulk density of 0.66 g/cc comprising non-stressed unbonded 
cellulosic ?bers 12 having of 0.02 g/cc Will have a com 
pression factor of 33. 

[0036] It is Well knoWn in the science of random air laying 
of cellulose ?bers, at a meaningful number of ?bers per 
sheet (i.e. more than a single ?ber thickness), that the 
practical limits to achieving a maximum bulk density using 
only air is about 0.12 g/cc. To achieve higher bulk densities 
one must compress the air laid batt of ?bers. HoWever, one 
cannot compress the ?ber batt With excessive amounts of 
energy to create a sheet or block of 100 percent cellulose 
having no air spaces (i.e. a batt of ?bers compressed to a 
density of about 1.4 gm/cc) because the forces become 
astronomically high. If very high forces of compression are 
used With bleached chemi-thermo-mechanical pulp 
(BCTMP) or thermal mechanical pulp (TMP), the ?bers fuse 
together due to the residual lignin and the batt Will no longer 
respond as a high capacity absorbent. The fused ?ber to ?ber 
structure is locked in at the compressed bulk density and the 
bonds Will not release When the compressed batt is exposed 
to Water. At best, the structure can only absorb liquid that 
Will ?t betWeen the fused ?bers. For example, a BCTMP 
?ber structure that is fused by compression to a bulk density 
of about 1.2 gm/cc may be able to absorb a maximum of 
about 2.33 grams of Water per gram of ?ber. Whereas, a 
compressed, but non-fused, BCTMP structure can expand 
and absorb up to about 20 grams of Water per gram of ?ber. 

[0037] Generally, the amount of elastic stress induced into 
the ?bers is proportional to the amount of potential energy 
that is released. The potential energy released may be 
expressed as releasable dynamic force Which is measured as 
the amount of pressure exerted per unit area When the 
absorbent member is exposed to or contacted With an 
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aqueous ?uid. The releasable dynamic force may be com 
prised of bending, shear and compression forces. Preferably, 
the ?bers 12, When retained in an elastically stressed con 
dition, exhibit a releasable dynamic force of at least about 60 
psi. More preferably, the ?bers 12 When retained in an 
elastically stressed condition, exhibit a releasable dynamic 
force of at least about 90 psi, and most preferably, exhibit a 
releasable dynamic force of at least about 130 psi. 

[0038] Referring noW to FIG. 3, four randomly oriented 
?bers 12 are shoWs bonded together by a multitude of 
hydrogen bonds 14. A hydrogen bond is a Weak chemical 
bond formed betWeen an electronegative oxygen atom and a 
hydrogen atom already bonded to another electronegative 
oxygen atom. The hydrogen bonds 14 cause the ?bers 
surfaces 12 to be attached to adjacent ?ber surfaces. Hydro 
gen bonding Will occur Within ?bers as Well. This condition 
can occur When, for example, a tubular ?ber is tWisted or 
bent and the circular open lumen cross-section collapses to 
a ?attened elliptical shape. When the tWo or more different 
points inside the lumen touch or are forced together under 
pressure or stress hydrogen bonding can occur. In the 
elastically stressed and bonded condition, the ?bers 12 
exhibit stored bending, compression and shear energy. 
Hydrogen bonds 14 form as the ?ber surfaces 12 are brought 
into intimate contact under pressure. Water that is in or on 
the individual ?bers 12 contributes to the intimate contact 
and formation of the bond even though there is still more 
liquid capacity in and around the ?bers (not saturated). As 
Water leaves the contact point betWeen the ?bers 12 due to 
drying or migration to drier areas, surface tension makes tWo 
adjacent ?bers or tWo areas or points inside a ?ber lumen 
come closer together alloWing hydrogen bonding to occur. 
The moisture of the absorbent member 10 should be less 
than about 15% Water per unit Weight of ?ber, and prefer 
ably, from betWeen about 5% to about 10% Water per unit 
Weight of ?ber to alloW enough hydrogen bonds to form to 
lock in the elastically stressed high density condition. Insuf 
?cient moisture Would inhibit hydrogen bond formation 
according to the mechanism described, While excessive 
moisture Would disrupt the hydrogen bonds upon release of 
the stressing forces. 

[0039] The hydrogen bonds 14 are relatively Weak bonds 
but they are plentiful and suf?ciently strong to lock in the 
elastic stresses created in and betWeen the ?bers 12 as the 
?bers 12 are stressed into an extremely compacted form of 
the absorbent member 10. One method of constructing the 
absorbent member 10 is to collect randomly oriented ?bers 
12 in a hopper or vessel and then compress the ?bers 12 from 
a single direction into a sheet of ?bers. Experimental testing 
has indicated that When the cellulosic ?bers 12 are com 
pressed in only one direction, say vertically in the Z-direc 
tion, then When the absorbent member 10 is later Wetted by 
an aqueous ?uid such as Water, the greatest expansion Will 
occur in a single direction opposite to the direction from 
Which the ?bers 12 Were compressed. 

[0040] Experimental testing has also revealed that the 
?bers 12 can be compressed from tWo or more directions, 
either simultaneously or sequentially, and the absorbent 
member 10 formed in this fashion Will experience rapid 
expansion, When Wetted by an aqueous ?uid, in the tWo or 
more directions opposite to the directions of compression. 
This feature is important for it Will alloW a manufacturer to 
construct an absorbent member 10 Which can be tailored to 
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the environment in Which it is designed to function. For 
example, if the absorbent member 10 is constructed for use 
in an infant’s diaper, and the physical siZe and geometry of 
its placement in the diaper requires expansion in the y and 
Z directions (i.e., radial expansion), then the absorbent 
member 10 can be compressed during formation only in 
these tWo directions. During use in the diaper, the absorbent 
member 10 Will experience very little expansion in the 
x-direction but Will exhibit substantial and rapid expansion 
in both the y and Z-directions (or radial direction). The 
usefulness of being able to construct an absorbent member 
10 With such expansion properties Will be readily apparent 
to those skilled in the art of disposable absorbent products. 

[0041] It has been mentioned earlier that the expansion 
occurs as the absorbent member 10 is Wetted by an aqueous 
?uid. Aqueous ?uids are de?ned for purposes of this inven 
tion as ?uids Which contain Water or are similar to Water. 

Representative ?uids include tap Water, distilled Water, 
bottled Water, urine, menses, human body ?uids, emulsions 
of Water plus hydrocarbons, etc. It should also be noted that 
non-aqueous ?uids such as oils, non-polar hydrocarbons, 
etc. Will not trigger the release of hydrogen bonds formed in 
and betWeen the ?bers. 

[0042] As the absorbent member 10 is Wetted, the hydro 
gen bonds 14 break and the elastic stresses locked up in the 
individual ?bers 12 and the absorbent member 10 are 
released as a measurable releasable dynamic force. This 
causes the ?bers 12 to move toWard their original relaxed 
condition, tubular shape typically in a direction opposite to 
the direction from Which they Were elastically stressed or 
compressed. As more and more hydrogen bonds are broken, 
more and more ?bers 12 are free to ?ex back to a less 

stressed or to a relaxed condition. As this occurs, open or 
void volume develops betWeen the ?bers 12. These voids are 
capable of receiving and containing the ?uid Which has 
insulted the absorbent member 10. This increases the absor 
bent capacity of the absorbent member 10 and the absorbent 
member 10 becomes capable of receiving and holding larger 
and larger quantities of ?uid. The increased volume of the 
capillaries betWeen ?bers promotes a higher degree of ?uid 
?oW and Wicking due to reduce friction or ?uid drag. Thus, 
the absorbent member 10 performs differently from any 
knoWn cellulosic product commercially sold today. Com 
pressed regenerated cellulose sponges perform someWhat 
similarly but they are much more expensive to produce and 
cannot exert the pressure level of this invention. 

[0043] The absorbent member 10 of this invention is 
unique in that the Wet expansion rate is very rapid. The “Wet 
expansion rate” is de?ned for purposes of this invention as 
the time it takes for the absorbent member 10 to expand to 
its maximum, (change in volume/unit time) once it is 
surrounded by an aqueous ?uid, such as Water. The Wet 
expansion rate for some portion of the full expansion time 
can be determined by measuring the slope of the curve 
established by plotting the change in volume of the absor 
bent member 10 for each moment in time over the duration 
of the expansion. The Wet expansion rate is related to the 
bulk density and the compression factor of the absorbent 
member 10 and to the depth of penetration that the ?uid must 
travel to reach the midpoint or mid plane of the absorbent 
member 10. For example, a spherical shape, at a high 
density, denoted by the Greek letter rho “p”, Will have a sloW 
maximum expansion rate for it has a loW surface area to 
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volume ratio (r) calculated by the formula r=6/d, Where d is 
the diameter of the sphere. This can be contrasted to a thin 
sheet, like a piece of paper, Where a high surface area to 
volume ratio is found Which can be calculated by the 
formula r=2/t, Where t is equal to the thickness of the sheet. 
The expansion rate for the thin sheet Will be faster than for 
the sphere assuming both have equal Weights and equal 
densities. For a sphere and sheet of paper of equal Weight 
and density, their siZe relationship can be expressed by the 
formula d=6 gsm/p; Where d is the diameter of the sphere, 
“p” is the density of both shapes, and “gsm” is the basis 
Weight of the thin sheet, e.g. grams per square meter. 

[0044] FIGS. 4 and 5 are optical photomicrographs of 
BCTMP ?bers taken at 20x magni?cation. FIG. 4 represents 
the ?bers in a dry state While FIG. 5 shoWs the ?bers after 
they have been contacted With Water. One can clearly see 
that the compressed and elastically stressed ?bers in FIG. 4 
do return to their pre-compression state in FIG. 5. In FIG. 
5, the ?bers are more linear in shape, tubular in con?guration 
and individual ?bers are generally spaced apart from one 
another. 

[0045] FIGS. 6-8 represent three curves generated using 
the above test procedure. Each of the samples Was formed by 
compressing non-stressed, unbonded ?bers 12, having a 
bulk density of about 0.02 g/cc, into an elastically stressed 
and bonded absorbent member 10. The absorbent member 
10 in FIG. 6 had a density of 0.66 g/cc and a compression 
factor of about 33, the absorbent member 10 in FIG. 7 had 
a density of 0.74 g/cc and a compression factor of about 37, 
and the absorbent member 10 in FIG. 8 had a density of 0.92 
g/cc and a compression factor of about 46. The three graphs 
clearly shoW that the volume change of the sample increased 
over time. 

EXAMPLE 1 

[0046] Asmall cube (approximately 2.54 cm><2.54 cm><1.4 
cm) of the absorbent member 10 Was placed into a large pan 
of Water Which had a one inch grid marked on the bottom of 
the pan. High speed video photography (500 frames per 
second) Was used to take pictures of the cube as it expanded 
upon being dropped into the pan of Water. For a cube With 
the density of approximately 0.74 gram/cc, the initial or ?rst 
second Was very sloW expansion, about 29% volume change 
per second. The next eight seconds, from 1 to 8 seconds, 
revealed a very rapid expansion rate of about 156% volume 
change per second (about 14.09 cc/second). The expansion 
rate then dropped off to about 47% volume change per 
second for the remainder of the test and expansion stopped 
completely at about 12 seconds. This expansion perfor 
mance of a sample is related to the “surface area to volume 
ratio” Which is calculated to be r=3 cm-1 for this cube. The 
higher this number, the quicker the total expansion occurs 
and the higher the expansion rate. 

[0047] HoWever, it should be noted that for equal density 
and shape, the absorbent member 10 Will absorb faster and 
hence expand much faster than other absorbent members 
constructed from cellulosic ?bers. The “amount of expan 
sion” is de?ned for purposes of this invention as the distance 
the absorbent member 10 Will expand in a given direction 
once the absorbent member 10 is Wetted by an aqueous ?uid, 
such as Water. The greater the stress level Within the dense 
absorbent member 10, the greater the “amount of expan 
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sion.” Furthermore, the expansion of the absorbent member 
10 begins once the absorbent member 10 is Wetted by an 
aqueous ?uid. 

[0048] Experimental testing has shoWn that the cellulosic 
?bers 12 have a locked in potential energy that is released as 
a “dynamic” force When the absorbent member 10 is trig 
gered by aqueous ?uid. The amount of expansion can be 
100% or greater, preferably the amount of expansion can be 
500% or greater, more preferably, the amount of expansion 
can be 800% or greater, and most preferably, the amount of 
expansion can be 1,000% or greater. An amount of expan 
sion of 800% in a particular direction, ie the x-direction of 
the absorbent member 10, is equivalent to an expansion of 
8 times the original x dimension. This amount of expansion 
is fantastic and unheard of With most cellulosic ?bers. The 
releasable dynamic force or pressure (y) is empirically 
related to the expansion though the exponential relationship 
that approximates the curvature of the plotted data points. 
This plotted curve is best approximated by the formula y=ae 
bx, Where “a” is the maximum pressure exerted by the 
triggered absorbent member 10 upon its contact With an 
aqueous ?uid; “e” is an exponential constant Which is the 
irrational and transcendental number 2.71828, the base of 
Napier logarithms; the factor “b” is a constant value ranging 
betWeen —0.015 and —0.045 Which is a function of the 
maximum pressure and maximum volume change of the 
absorbent member 10, and “x” is the percent expansion or 
volume change of the absorbent member 10. 

[0049] The potential energy that can be recovered 
from the absorbent member 10 is E=—a/b. These are unique 
characteristics of a cellulosic absorbent member 10. 

[0050] The folloWing example illustrates this point. 

EXAMPLE 2 

[0051] Randomly oriented bleached chemi-thermo-me 
chanical cellulosic softWood ?bers 12 Were collected in a 
hopper, With a small amount of moisture, to a depth of 
approximately tWo inches (approximately 51 mm) and a 
bulk density of about 0.014 g/cc. The absorbent ?bers Were 
then compressed to 1/32 of an inch (about 0.8 mm) in the 
vertical or Z-direction and dried to form an absorbent 
member 10. The elastically stressed and compressed condi 
tion of the absorbent ?bers 12 Were held together by a 
plurality of hydrogen bonds 14, both intra ?ber and inter 
?ber. Later, When the absorbent member 10 Was Wetted by 
an aqueous ?uid, the hydrogen bonds Were broken and the 
?bers returned to a relaxed unstressed condition Which Was 
an expansion causing the absorbent member 10 to increase 
in the Z-direction to a dimension of about 1A of an inch (about 
6.4 This represented an “amount of expansion” of 
about 700% in the Z-direction. 

[0052] Referring noW to FIG. 9, a test apparatus 16 is 
depicted Which includes an absorbent member 10 positioned 
betWeen tWo opposing platens, 18 and 20 respectively. The 
platen 18 is capable of moving vertically up and doWn While 
the platen 20 is stationary. The platen 20 contains a load cell 
22 Which is electrically connected via lead 24 to an Instron 
Mini-55 tester 26. The Instron tester is commercially avail 
able from Instron Corporation having an of?ce at 644 Busse 
HWy. Park Ridge, Ill. 60068. The load cell 22 is capable of 
measuring the forces or pressures 28 applied against the 
upper and loWer platens, 18 and 20 respectively, and Which 



US 2001/0051485 A1 

are being transmitted through the sample of the absorbent 
member 10. The upper platen 18 is also electrically con 
nected via a lead 30 to the Instron tester 26. The Instron 
tester 26 is capable of indicating and recording the pressure 
applied against the absorbent member 10 as Well as the 
movement of upper platen 18 as the absorbent member 10 
expands vertically, in the Z-direction. 

[0053] When an aqueous ?uid 32, such as Water, is 
sprayed from a spray bottle 34 onto the absorbent member 
10, the cellulosic ?bers 12 Which form the netWork of ?bers 
from Which the absorbent member 10 is constructed Will 
expand. If the absorbent member 10 is oriented in the test 
machine such that the force vector direction that imparted 
the elastically stressed condition is perpendicular to the tWo 
platens, 18 and 20 respectively, it Will expand vertically 
pressing against the platens 18 and 20. As the ?bers 12 
expand, an increase in pressure Will be created against the 
tWo platens, 18 and 20 respectively. By measuring and 
recording the amount of force Which is applied against the 
tWo platens, 18 and 20 respectively, at the respective expan 
sion percentage, one can determine the amount of releasable 
dynamic force and the “stored energy curve”. The “stored 
energy curve” can be measured in energy per unit volume 
for the absorbent member 10 and can be used to predict the 
amount of Work the absorbent member 10 can deliver 
toWard absorbing ?uid When incorporated into an absorbent 
product (the incremental area under the curve), for example, 
an infant diaper. 

[0054] The folloWing example illustrates this point. 

EXAMPLE 3 

[0055] An approximately cubic shaped piece of an absor 
bent member 10 Was placed betWeen the tWo platens, 18 and 
20 respectively, and the upper platen 18 Was moved verti 
cally doWnWard toWard the loWer platen 20 until a very 
slight pressure of approximately 0.5 pound per square inch 
(psi) Was applied to the absorbent member 10. Water 32, 
contained in the spray bottled 34, Was then sprayed onto the 
absorbent member 10 and this caused some of the hydrogen 
bonds to break. The hydrogen bonds Were holding the ?bers 
12 together and restraining the ?bers 12 in an elastically 
stressed condition. As the hydrogen bonds broke, a rapid 
increase in force Was indicated by the Instron tester 26. 
Since the absorbent member 10 did not have any measurable 
change in siZe in the cross section the pressure could be 
calculated. The higher the initial density of the absorbent 
member 10 as a function of the compression factor, the 
higher Was the pressure that Was generated. Additional Water 
32 Was sprayed onto the adsorbent member 10 until no 
additional increase in pressure Was indicated by the Instron. 
The pressure value, at this Zero or no change in volume 
point, Was recorded so that it could be plotted out in graph 
form. 

[0056] The next data point Was then obtained by perform 
ing the folloWing procedure. The upper platen 18 Was raised 
approximately 0.5 mm and it Was noticed that the pressure 
indicated by the Instron tester 26 dropped dramatically. 
Additional Water 32 from the spray bottle 34 Was then 
sprayed onto the absorbent structure 10. This additional 
Water 32 caused more of the hydrogen bonds to break and 
alloWed for additional vertical expansion of the absorbent 
member 10. The pressure Was continuously indicated and 
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additional Water 32 Was sprayed onto the absorbent member 
10 until no additional increase in pressure could be recorded. 
This second maximum pressure Was less than the maximum 
pressure indicated for the ?rst data point but greater than the 
immediate pressure reading When the platen 18 Was ?rst 
raised 0.5 mm. The second data point Was then recorded at 
the percentage volume change (0.5 mm divided by the 
original thickness, in millimeters, and multiplied by 100). 
Again, the upper platen 18 Was raised approximately another 
0.5 mm and it Was again noticed that the recorded pressure 
dropped dramatically. This procedure Was repeated a num 
ber of times in order to obtain a plurality of data points 
Which could be plotted on a chart in graph form. The 
maximum pressure at a given amount of expansion Was 
recorded by the Instron tester 26. This procedure Was 
repeated With gradually increasing separations of the tWo 
platens, 18 and 20 respectively, until the pressure value Was 
not measurable on the Instron tester 26. 

[0057] It should be noted that the distance the tWo platens, 
18 and 20 respectively, are separated for each step of the 
above procedure is not critical. HoWever, When the slope of 
the graph is changing dramatically, it is advantageous to plot 
the values at increments of about 0.5 mm and to use a larger 
separation, say 5 mm, When the slope tapers off along the 
horiZontal axis. 

[0058] After the absorbent member 10 had expanded to a 
point Where the pressure value Was not measurable on the 
Instron tester 26, the absorbent member 10 Was then laid on 
its side (essentially Zero pressure) and additional Water 32 
Was added until the absorbent member 10 reached its 
maximum siZe. This maximum siZe usually represented a 
total increase of from betWeen about 400% to about 800% 
in one direction There Was a minor amount of volume 
increase in the cross section but it Was less than 20% 
increase in dimension in the x and y directions. Acurve Was 
then plotted on graph paper With each curve representing 
one sample of an absorbent member 10 at a particular 
density value. 

[0059] FIGS. 10-12 represent three curves generated using 
the above test procedure. The absorbent member 10 in FIG. 
10 had a density of 0.64 g/cc and a compression factor of 
about 32, the absorbent member 10 in FIG. 11 had a density 
of 0.79 g/cc and a compression factor of about 39.5, and the 
absorbent member 10 in FIG. 12 had a density of 0.94 g/cc 
and a compression factor of about 47. The three graphs 
clearly shoW that as the density of a sample increased, the 
maximum pressure needed to constrain its expansion 
increased. Stated another Way, the stored and recoverable 
energy or releasable dynamic force, Which is proportional to 
the initial elastic stress induced into the ?bers, increased as 
the density, as a function of the compression factor, of a 
sample increased. 

[0060] The absorbent member 10 constructed as taught 
above functions in a unique Way compared to most tradi 
tional loW density cellulosic absorbent members. The driv 
ing force of liquid absorption is the capillaries Where the 
liquid surface tension acts on the capillary boundaries so that 
the pressure is highest With smaller capillaries. Of tWo 
absorbent members 10, the one With the higher bulk density 
Will have the smaller capillaries but higher driving pressure. 
There is a force opposing ?oW due to viscous shear Within 
the liquid that is touching the capillary boundary Walls 
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Which is proportional to the advancing liquid velocity and 
acts upon the perimeter of the capillaries. As the capillaries 
decrease in siZe, the ?oW Will sloW doWn due to this force. 
The absorbent member 10 of this invention, hoWever, has an 
unexpected behavior that alloWs the capillaries to groW in 
effective diameter as soon as it is contacted by an aqueous 
?uid. When the hydrogen bonds of the elastically stressed 
and compacted absorbent member 10 are broken, the vol 
ume expansion creates larger and neW capillaries While the 
leading liquid front and the driving force is still accelerating 
the ?uid behind it. This is the opposite result from What one 
Will see When an absorbent member is made from a tradi 
tional chemical pulp, for example, Kraft pulp, that is con 
tacted by an aqueous ?uid. In a traditional pulp ?ber, the 
capillaries tend to collapse When the ?bers are Wetted. 

[0061] The absorbent member 10 Will operate in a manner 
opposite to most traditional loW density southern softWood 
Kraft absorbent members. The ?rst insult of aqueous ?uid 
into a loW density traditional absorbent member begins to 
collapse the ?ber structure due to the surface tension of the 
?uid and the limpness of the ?bers. Conversely, the absor 
bent member 10 of this invention rapidly expands With the 
?rst insult of ?uid Which causes some of the hydrogen bonds 
to break and alloWs the elastically stressed and contorted 
stiff ?bers 12 to return to an unbent or more relaxed 

condition, ie to the approximate condition they Were in 
before being elastically stressed or compressed. This struc 
tural response is virtually an accelerating force moving ?uid 
into the absorbent member 10 versus the decelerating force 
Which is more typical With a loW density Kraft absorbent 
member. Because the absorbent member 10 is of a high 
density and the Kraft absorbent member is of a loWer 
density, the forces and absorbent rates Will be different, yet 
the changes in force and rates Will occur as indicated. 

[0062] While the invention has been described in conjunc 
tion With a speci?c embodiment, it is to be understood that 
many alternatives, modi?cations and variations Will be 
apparent to those skilled in the art in light of the foregoing 
description. Accordingly, this invention is intended to 
embrace all such alternatives, modi?cations and variations 
Which fall Within the spirit and scope of the appended 
claims. 

We claim: 
1. An absorbent member exhibiting exceptional expansion 

properties When Wetted, said absorbent member comprising 
a multitude of randomly oriented chemi-thermo-mechanical 
cellulosic ?bers containing at least about 20% lignin Within 
said cellulosic ?bers, said absorbent member having a 
moisture content of from betWeen about 1% to about 20% 
Water by Weight of ?ber, a bulk density of from betWeen 
about 0.5 g/cc to about 1 g/cc and a compression factor of 
at least about 5, said ?bers being compacted and bonded by 
hydrogen bonds and being retained in an elastically stressed 
condition, said hydrogen bonds being breakable upon con 
tact With aqueous ?uid thereby alloWing rapid expansion of 
said absorbent member. 

2. The absorbent member of claim 1 Wherein said absor 
bent member has a bulk density of about 0.5 g/cc to about 
0.8 g/cc. 

3. The absorbent member of claim 1 Wherein said absor 
bent member has a compression factor of at least about 20. 

4. The absorbent member of claim 1 Wherein said absor 
bent member has a compression factor of at least about 45 . 
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5. An absorbent member having a high absorbent capacity 
and exhibiting exceptional expansion properties When Wet 
ted by an aqueous ?uid, said absorbent member comprising 
a multitude of randomly oriented chemi-thermo-mechanical 
cellulosic ?bers having an average length of from betWeen 
about 1 mm to 5 mm, said ?bers formed from softWood and 
containing at least about 20% lignin Within said ?bers, said 
absorbent member having a moisture content of from 
betWeen about 1% to about 20% Water by Weight of ?ber, a 
bulk density of from betWeen about 0.5 g/cc to about 1 g/cc 
and a compression factor of at least about 5, and said ?bers 
being compacted and bonded by hydrogen bonds and 
retained in an elastically stressed condition, said hydrogen 
bonds being breakable upon contact With an aqueous ?uid 
thereby alloWing rapid expansion of said absorbent member, 
and said absorbent member generating at least about 60 psi 
of dynamic force When contacted With an aqueous ?uid. 

6. The absorbent member of claim 5 Wherein said mois 
ture content ranges from betWeen about 5% to about 15% 
Water by Weight of ?ber. 

7. The absorbent member of claim 5 Wherein said cellu 
losic ?bers have an average length of from betWeen about 1 
to about 3 millimeters. 

8. The absorbent member of claim 5 Wherein said cellu 
losic ?bers have an average diameter of from betWeen about 
10 to about 40 microns. 

9. The absorbent member of claim 5 Wherein said absor 
bent member has a compression factor of at least about 45. 

10. An absorbent member having a high absorbent capac 
ity and exhibiting exceptional expansion properties When 
Wetted by an aqueous ?uid, said absorbent member com 
prising a multitude of randomly oriented stiff chemi-thermo 
mechanical cellulosic ?bers having an average length of 
from betWeen about 1 mm to about 5 mm, said ?bers formed 
from softWood and containing at least about 20% lignin 
Within said ?bers, said absorbent member having a moisture 
content of from betWeen about 2% to about 15% Water by 
Weight of ?ber, a bulk density of from betWeen about 0.5 
g/cc to about 0.8 g/cc and a compression factor of at least 
about 20, and said ?bers being compacted and bonded by 
hydrogen bonds and retained in an elastically stressed con 
dition, said hydrogen bonds being breakable upon contact 
With an aqueous ?uid thereby alloWing rapid expansion of 
said absorbent member. 

11. The absorbent member of claim 10 Wherein said 
chemi-thermo-mechanical softWood ?bers are bleached. 

12. The absorbent member of claim 10 Wherein said 
absorbent member has a compression factor of at least about 
45. 

13. The absorbent member of claim 10 Wherein at least a 
portion of the cellulosic ?bers have a non-linear con?gura 
tion. 

14. The absorbent member of claim 10 Wherein said 
?bers, When retained in an elastically stressed condition, 
exhibit recoverable bending, compression and shear forces. 

15. An absorbent member having a high absorbent capac 
ity and exhibiting exceptional expansion properties When 
Wetted by an aqueous ?uid, said absorbent member com 
prising a multitude of randomly oriented cellulosic ?bers 
having an average length of from betWeen about 1 mm to 
about 5 mm and containing at least about 20% lignin Within 
said cellulosic ?bers, said absorbent member having a 
moisture content of from betWeen about 5% to about 15% 
Water by Weight of ?ber, a bulk density of from betWeen 
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about 0.5 g/cc to about 0.8 g/cc, and a compression factor of 
at least about 5, and said ?bers being compacted and bonded 
by hydrogen bonds and retained in an elastically stressed 
condition, said ?bers When retained in an elastically stressed 
condition exhibiting a releasable dynamic force of at least 
about 60 psi. 

16. The absorbent member of claim 15 Wherein said 
absorbent member has a compression factor of at least about 
20. 

17. The absorbent member of claim 15 Wherein said 
absorbent member has a compression factor of at least about 
45. 

18. The absorbent member of claim 15 Wherein said 
cellulosic ?bers When retained in an elastically stressed 
condition exhibit a releasable dynamic force of at least about 
90 psi. 
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19. The absorbent member of claim 15 Wherein said 
cellulosic ?bers When retained in an elastically stressed 
condition exhibit a releasable dynamic force of at least about 
130 psi. 

20. The absorbent member of claim 15 Wherein said 
absorbent member contains a potential energy that can be 
recovered according to the formula F=—a/b Where: “E” is the 
potential energy that can be recovered from the absorbent 
member; and the energy stored per unit volume “y” is 
according to the formula y=aebX, Where “a” is the maximum 
pressure exerted by the triggered absorbent member upon its 
contact With an aqueous ?uid; “e” is the irrational and 
transcendental number 2.71828, the base of Napier loga 
rithms; “b” is a constant value ranging betWeen —0.015 and 
—0.045 Which is a function of the maximum pressure and 
maximum volume change of the absorbent member; and “x” 
is the change in thickness (volume). 

* * * * * 


