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Apparatus, method and system for air opening of textile tow and opened textile tow web
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and cause it to properly accumulate in the accumulation
chamber. The invention also includes methods for using
the air opening jet apparatus to produce multi-tow band
products, and products produced by such methods.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to systems which can
be used to open a tow of fibers such that the resulting
"opened tow" of fibers has a shape useful in the produc-
tion of absorbent structures, and more particularly to an
air opening jet apparatus and method for use in such
systems and products formed by such systems.

BACKGROUND OF THE INVENTION

[0002] Many types of filaments, fibers and yarn (col-
lectively "fibers") are sold as a "tow" in which a plurality
of such fibers are compressed together, optionally with
crimping, by methods known to those skilled in the art in
order to maximize the content of the packing systems,
for example, bales, by which such tows are sold and
delivered to users of tow. Before use, such users gener-
ally "open" such tow, separating the compressed fibers
by a distance greater than that in the compressed state.
Numerous methods and devices for opening tows are
known and described in the art. Examples include U. S.
Patent Nos. 3,282,768, 3,523,059, 3,099,594,
4,522,616, 2,794,480, 3,032,829, 5,591,297 and
5,203,757 whose teachings are incorporated herein by
reference. While such devices have found utility in vari-
ous applications, such devices typically produce
"opened" tows which were substantially circular in
cross-section, for example, tows used to make smoke
filters or writing instrument reservoirs. However, for
other applications a rectangular shape is preferred; for
example, absorbent structures which are intended for
use in personal care products such as diapers, band-
ages, hygiene pads and similar absorbent products. For
such uses a shape that has a substantially rectangular
cross-section is preferred. A representative sampling of
these various types of products are disclosed in U.S.
Patent Nos. 4,289,130, 5,117,235, and 5,928,452, U.S.
Statutory Invention Registration No. H1565, and PCT
International Publication No. WO 99/30661.

[0003] It is also known to use, in systems of the
foregoing types, air jets which open the tow and form it
into a rectangular shape for use in tobacco filter rods
and the like, as disclosed in U. S. Patent Nos. 4,468,845
and 4,435,239. One of the significant advantages
asserted for these systems is the fact that the air open-
ing jet employed in the system is designed to operate at
very low air pressures (e.g. less than 3 psi), which is
said to eliminate the need for the large capital invest-
ment in expensive air compressing and piping facilities
normally associated with air opening or "blooming" sys-
tems. This low pressure air is utilized to move the tow
through the air opening jet, during which the tow is
opened, and then through a bustle assembly in which
the opened tow is decelerated and retarded in the bus-
tle assembly to obtain the desired opening and density
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of the tow. This deceleration and retarding of the tow is
obtained by an adjustable tension arrangement for
engaging the tow, and more particularly by a flat, imper-
forate "tension" plate that is pivotally mounted at one of
its ends within the bustle assembly, and a relatively
complex mechanical arrangement for adjusting the
movement of the pivoted tension plate toward and away
from the tow to thereby vary the tension force applied to
the tow by the tension plate.

SUMMARY OF THE INVENTION

[0004] In accordance with one aspect of the present
invention, an air opening jet apparatus is provided for
use in a system for opening a thin, relatively wide tow of
textile filaments held together by crimping and forming
the opened tow into a predetermined shape suitable for
use, for example, as an absorbent structure for personal
care products. The air opening jet apparatus includes a
housing having an inlet opening for receiving a partially
opened tow and having a configuration corresponding
generally to the shape of the partially opened tow. The
housing also has an outlet opening through which the
tow exits the housing and this outlet opening has a con-
figuration corresponding generally to the predetermined
shape.

[0005] An air jet is formed within the housing adja-
cent the inlet opening thereof to create a venturi which
moves the tow through the air opening jet apparatus
and which also further opens the tow, and a source of
compressed air communicates with the air jet to provide
carrier air for moving the tow through the air opening jet
apparatus.

[0006] A forming chamber is provided within the
housing and downstream of the air jet that includes a
gradually increasing cross-sectional area in the direc-
tion of flow of the tow that corresponds to the predeter-
mined shape, the air jet being disposed within the
housing to cause the tow to be fully opened and to sub-
stantially fill the forming chamber as it moves there-
through.

[0007] An accumulating chamber is located within
the housing downstream of the forming chamber that is
constructed and arranged to permit the opened tow to
accumulate within the accumulating chamber and be
withdrawn from the housing at different flow rates
through the housing outlet opening in the predeter-
mined shape. The accumulating chamber includes at
least one perforated plate disposed in the path of the
tow and the carrier air moving therethrough to cause the
tow to engage the perforated plate and to cause at least
some of the carrier air to pass through the perforated
plate.

[0008] A control valve is provided for maintaining
the flow of the carrier air at a level that will cause at least
the portion of the carrier air to pass through the perfo-
rated plate and urge the tow into frictional engagement
with the perforated plate with sufficient force to retard
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the movement of the tow through the accumulating
chamber and cause the tow to accumulate in the accu-
mulating chamber.

[0009] In the preferred embodiment of the present
invention, the accumulating chamber may include a
second perforated plate located in spaced relation to
the first above mentioned perforated plate, and the tow
moves between the perforated plates and is urged into
engagement therewith by the carrier air passing through
both the perforated plates. Finally, in the preferred
embodiment of the present invention, the predeter-
mined shape of the outlet opening in the housing is rec-
tangular.

[0010] Another aspect of the present invention pro-
vides an apparatus and method by which one or more
air opening jets of the aforesaid type may be utilized for
opening and forming multiple tows into a composite
multi-tow band of a predetermined shape suitable for
use, for example, as an absorbent structure for personal
care products. In this type of system, instead of a single
tow being delivered to the inlet end of an air opening jet
apparatus, two separate and distinct tows are delivered
to the inlet end of a single air opening jet or to separate
air opening jets and are combined therein or down-
stream therefrom into a composite multi-tow band.
[0011] In this system, a first arrangement is pro-
vided for receiving a first tow from a tow bale having a
predetermined denier units per filament, spreading the
filaments in the first tow into a first tow band, and having
an exit end for discharging the first tow band therefrom
with a predetermined width. A second arrangement is
provided for receiving a second tow from a second tow
bale having a predetermined denier units per filament
which is different from the predetermined denier of the
first tow, spreading the filaments in the second tow into
a second tow band, and having an exit end for discharg-
ing the second tow band therefrom with a predeter-
mined width. The first and second tow bands are then
simultaneously introduced into the inlet end of the air
opening jet apparatus and moved therethrough for
opening and forming as described above in connection
with a single tow. The first and second tow bands can
also be introduced to two separate air opening jet appa-
ratuses.

[0012] Each of said first and second arrangements
may preferably comprise a tow banding jet for receiving
the respective first or second tow and spreading the tow
into the form of a band, and at least one pair, and pref-
erably multiple pairs, of delivery rolls disposed between
the first and second banding jets, respectively, and the
air opening jet apparatus or apparatuses.

[0013] In one contemplated embodiment of this
system, the width of the exit end of one of the first or
second banding arrangements is smaller than the other,
whereby the multi-tow band discharged from the exit
end of the air jet opening apparatus or apparatuses has
one tow band that is larger in width than the other. It is
preferred that the tow band having the larger width have
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a denier per filament that is less than the denier per fila-
ment of the other tow band. Additionally, the system
may include a surfactant applicator located upstream of
the inlet of the air opening jet for applying a surfactant to
the tow band having a smaller width, and the system
may include a bonding agent applicator located
upstream of the inlet of the air opening jet for applying a
bonding agent to the tow band having a larger width. It
is also possible to individually vary the delivery speed of
the two tow bands to the inlet of the air opening jet
apparatus, and to individually control the bloom of the
two tow bands.

[0014] In accordance with a further aspect of the
present invention, a novel textile web is provided, pref-
erably but not necessarily produced by the system
apparatus and methodology above-described, wherein
the web basically comprises a first and second tow each
having multiple continuous textile filaments opened
such that the filaments are deregistered with respect to
one another. In one embodiment, the filaments of the
first and second tow are commingled with each other
within at least a portion of the web and may, for exam-
ple, be commingled with each other essentially through-
out the web or predominately along an interface
between the first and second tow. In an alternative
embodiment, the first and second tow are generally lay-
ered with respect to each other within at least a portion
of the web. The filaments of the first and second tow
may be of differing deniers per filament, which has been
found to provide enhanced performance of the web in
comparison with a comparable web made of a single
tow of the same average denier per filaments. Addi-
tional components may be incorporated into the web,
e.g., a super absorbent polymer for enhancing the liquid
acquisition and absorption capabilities of the web. It is
further contemplated that the filaments of at least one of
the first and second tow may comprise a fusible bicom-
ponent fiber for binding together the filaments of the first
and second tow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a diagrammatic illustration of a typical tow
opening system of the type in which the air opening
jet of the present invention may be used;

Fig. 2 is a perspective view of a preferred embodi-
ment of the air opening jet of the present invention;
Fig. 3 is a side elevational view, partially in section,
illustrating the air opening jet illustrated in Fig. 2;
Fig. 4 is a plan view of the housing of the air open-
ing jet illustrated in Fig. 2;

Fig. 5 is an end elevational view illustrating the out-
let opening in the housing;

Fig. 6 is an elevational view of one of the side plates
of the housing;

Fig. 7 is an end elevational view of the inlet opening
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of the housing;

Fig. 8 is a diagrammatic illustration of an alternate
tow opening system utilizing the air opening jet
apparatus in accordance with the present invention;
Fig. 9 is a diagrammatic illustration in transverse,
i.e. widthwise, cross-section of a first embodiment
of a composite multi-tow web product formed by the
system illustrated in Fig. 8;

Fig. 10 is another diagrammatic illustration in trans-
verse cross-section, similar to Fig. 9, of a second
embodiment of a composite multi-tow web product
formed by the system illustrated in Fig. 8;

Fig. 11 is an exaggerated diagrammatic illustration
in lengthwise cross-section taken along the lines
11-11 in Figs. 9 and 10 illustrating the relationship
of the filaments of the composite multi-tow web
products of Figs. 9 and 10;

Fig. 12 is a diagrammatic illustration of still another
alternate tow opening system utilizing an air open-
ing jet apparatus in accordance with the present
invention;

Fig. 13 is a diagrammatic illustration in transverse
cross-section of a first embodiment of a composite
multi-tow web product formed by the systems illus-
trated in Fig. 12;

Fig. 14 is another diagrammatical illustration in
transverse cross-section of a second embodiment
of a composite multi-tow web product formed by the
system of Fig. 12;

Fig. 15 is an exaggerated diagrammatic illustration
in lengthwise cross-section taken along lines 15-15
in Figs. 13 and 14 illustrating the relationship of the
filaments in the composite multi-tow products of
Figs. 13 and 14;

Fig. 16 is a diagrammaitic illustration of still another
alternate tow opening system utilizing an air open-
ing jet in accordance with the present invention;
Fig. 17 is a diagrammatic illustration in transverse
cross-section of a typical composite multi-tow web
product formed by the system illustrated in Fig. 16;
Fig. 18 is an exaggerated diagrammatic illustration
in lengthwise cross-section taken along the line 18
-18 of Fig. 17 illustrating the general relationship of
the fibers in the multi-tow product of Fig. 17;

Fig. 19 is a table compiling comparative physical
data of sample single-tow web products formed by
the system illustrated in Fig. 1 with the sample com-
posite multi-tow web products formed by the sys-
tem of Fig. 8; and

Fig. 20 is a table compiling the results of compara-
tive performance tests of the sample web products
of Fig. 19.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The term "fiber" as used herein means a fil-
ament, fiber or yarn of any material whatsoever; for
example, cellulose acetate and triacetate, polyester,
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polyamide, polyolefin and similar polymeric substances.

[0017] The term "tow" as used herein means a plu-
rality of fibers compressed together, optionally with
"crimping" as such term is used and understood in art,
by methods known to those skilled in the art in order to
maximize the content of packaging systems by which
such tows are sold and delivered, or to facilitate the
transport of such plurality of fibers from one point to
another point, for example, within a manufacturing facil-
ity.

[0018] The terms 'rectangular" and "substantially
rectangular" as used herein, are to be understood as
meaning a structure have a generally rectangular cross-
section with possible slight defects, for example,
rounded corners and a slight bowing or indentation
along a side.

[0019] The fibers comprising the tow may be made
from any natural or synthetic substance, or mixture
and/or blends thereof, including polyesters, polyamides,
cellulose acetate and triacetate (collectively, an "ace-
tate" tow), polypropylene oxide, polyethylene sulfide, lig-
uid crystalline polymeric substances capable of being
formed into fibers, polyamides, silk, wool, cotton, rayon,
polyolefins, polyacrylates, polymethacrylates, and simi-
lar substances which can be made into fibers. Such fib-
ers may or may not have a "finish" applied to them,
depending upon their application. Generally, an external
finish is applied to such fibers so as to facilitate trans-
port, although "internal" finishes, contained in the mate-
rial used to form the fiber, may also be used and such
fibers are included within the scope of the invention. In
addition, the fibers of the tow may be of any denier, tex,
diameter or other cross-sectional or cross-section
related size designation suitable for producing tow.
[0020] The terms "banding jet" and "air banding jet"
are used to signify a first tow opening device which uti-
lizes air to spread a tow in a direction perpendicular to
the direction of travel. The "banding jet" is different and
distinct from the "opening jet" or "air opening jet" also
described herein.

[0021] While the present invention may have a wide
variety of tow opening applications, it has been found to
be particularly useful in opening a tow made of acetate
fibers, polyester fibers, polyolefin fibers and polyamide
fibers, and mixtures thereof. For example, an acetate
tow may consist of about 2,500 to about 25,000 fibers
having an individual denier of from about 1 to about 10,
preferably of from about 3 to about 6. The total denier
for the entire tow, that is the assemblage of from about
2,500 to about 25,000 fibers, is thus from about 2,500 to
about 250,000. Acetate tows are generally of about
10,000 to about 20,000 fibers of individual denier of
about 3 to about 6, giving rise to a tow having a total
denier of about 30,000 to about 120,000.

[0022] The fibers of a tow should be uniformly or
substantially  uniformly  distributed across the
width/cross-section of the crimped tow bundle or band.
This uniform fiber distribution is important to the proc-
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ess of opening a tow into a rectangular or substantially
rectangular shape, and the more nearly uniform distri-
bution of fibers the easier it will be to produce a rectan-
gular or substantially rectangular opened tow. Crimped
and baled tows having a variety of width/cross-sections
may be used in accordance with the invention, for exam-
ple, about 25 mm (millimeters) to about 75 mm in width,
preferably from about 40 mm to about 60 mm, and from
about 1 mm to about 7 mm in height or thickness, pref-
erably from about 2 mm to about 5 mm, with typical the
dimensions being about 50 mm wide and about 3 mm
thick.

[0023] As previously mentioned, an external finish
may be applied to each fiber in a tow, such finish being
in an amount from about 0.3% to about 5% by weight of
the fiber bundle, preferably from about 0.5% to about
2.0 %.

[0024] The tows used in practicing the invention are
generally "crimped tows" as the term is used and known
to those skilled in the art. Crimping is done at about 5 to
about 30 crimps per inch of uncrimped tow, preferably of
from about 20 to about 25 crimps per inch of uncrimped
tow.

[0025] While it is to be understood that the present
invention may have applications in a variety of tow
opening systems, one typical system in which the
present invention finds particular application is illus-
trated diagrammatically in Fig. 1. A tow 14 may initially
be fed through a conventional set of guides (not shown)
to flatten and orient the tow 14. The tow is then fed to a
banding jet 130 of conventional design. The banding jet
evenly spreads the tow band in the direction perpendic-
ular to the tow processing direction. Generally, the air
banding jet 130 used in these preferred embodiments
can be any air banding jet known in the art, for example,
as described in U.S. Patent No. 3,226,773, or in co-
pending U. S. patent application Serial No. 09/219,818,
filed December 23, 1998, whose teachings are incorpo-
rated herein by reference. The tow 14 is then fed to a
pre-tension roller assembly 40 and is compressed
between metal roller 42 and rubber roller 44 of tension
roller assembly 40 so as to stretch the tow and deregis-
ter and separate the tow fibers. Within tension roller
assembly 40, roller pressure, i.e., the force applied to
the tow by the rollers 42 and 44, is from about 1 to about
25 psi, preferably from about 5 to about 15 psi. Within
device 40 as illustrated in Fig. 1, the metal roller is ele-
ment 42 (top roller) and the rubber roller is 44 (bottom
roller).

[0026] After emerging from assembly 40, the tow is
fed to roller assembly 60 comprising a driver metal roller
62 and a rubber roller 64, the metal roller 62 having cir-
cular grooves or being threaded or being a flat metal
roller. During its traverse from assembly 40 to assembly
60, the tow is stretched, the stretching being accom-
plished by the drag associated with the nip pressure
between rolls 42 and 44. The nip pressure between the
rollers of assembly 60 is from about 1 to about 40 psi,
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preferably from about 20 to about 30 psi.

[0027] After emerging from assembly 60, tow 14 is
passed by an optional first static eliminating bar 100 to
remove any static charge which might be present on tow
14 and which might interfere with subsequent opera-
tions necessary in the formation of an absorbent struc-
ture.

[0028] After emerging from assembly 60, the tow is
fed to roller assembly 70 comprising a driven metal
roller 72 and a rubber roller 74, said metal roller 72 hav-
ing circular grooves or being threaded, or being a flat
metal roller. During its traverse from assembly 60 to
assembly 70, the tow is stretched, the stretching being
accomplished by driving the metal roller 72 at a rota-
tional speed faster than driven roll 62. The rotational
speed of roll 72 is between 20-60 percent faster than roll
62, preferably 30-50 percent. Each of the roller assem-
blies 40, 60 & 70, are conventional and well known; they
include an arrangement for applying a pressure on one
of the rolls in the assembly to urge the two rolls in the
assembly into engagement with one another at a pre-
determined pressure level. These conventional assem-
blies may apply the pressure pneumatically, hydrauli-
cally or electrically, but pneumatic control is preferred.
The nip pressure between the rollers of assembly 70 is
from about 1 psi to about 40 psi, preferably from about
20 psi to about 30 psi.

[0029] The tow emerging from assembly 70 is
referred to hereafter as tow 14. The grooves or threads
of roller 64 and 74 are of a design or orientation known
to those skilled in the art of tow processing or opening.
The fibers which emerge from assembly 70 are sub-
stantially deregistered or opened, suitable for further
opening or forming into a lofty rectangular structure.
[0030] Substantial deregistration or blooming
means that 90% or more, preferably 95% or more, of the
fibers constituting the rectangular structure or rectangu-
lar tow are spaced apart by a distance greater than the
distance between the fibers when the tow 14 was
removed from bale 12.

[0031] After emerging from assembly 70, tow 14 is
passed by an optional static eliminating bar 101 to
remove any static charge which might be present on tow
14 and which might interfere with subsequent opera-
tions necessary in the formation of an absorbent struc-
ture.

[0032] After anti-static treatment, tow 14 is trans-
ported to an optional liquid additive assembly 80 which
includes a liquid holding tank, a metering pump 84 and
liquid dispenser applicators 86 within assembly 80 for
dispersing liquids onto tow 14. The liquid dispersal
applicators 86 may be spray nozzles, disk applicators,
rotating brush applicators, wick contact rolls and similar
devices of conventional design known to those skilled in
the art. Liquids which can be dispersed onto tow 14
include water; hydrophilic liquids such as alcohols, gly-
cols, dimethyl sulfide, ketones, ethers and similar sub-
stances; plasticizers such as Fiberset 100 or Fiberset
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200 (Henkel Corporation, Cincinnati, Ohio); surfactants;
and solutions containing plasticizers, surfactants and
similar substances known to those skilled in the art. The
liquid or solutions can be applied to either or both sides
of tow 14 as it passes through assembly 86, and addi-
tionally can be applied in specific patterns of multiple
liquids to create unique effects for transferring or storing
liquids in an absorbent composite structure in which the
rectangular tow 14 is included.

[0033] After emerging from the air opening jet 240,
the tow 14 is delivered to optional assembly 120 where
solid substances, for example, superabsorbent poly-
mers (SAP), glues, adhesives, fragrances, wood pulp,
deodorizers, anti-microbial agents and similar sub-
stances can be applied to tow 14 by equipment such as
a streamout feeder fabricated by Solids Flow, Inc. of
Fort Mill, South Carolina. For example, in the prepara-
tion of diapers containing SAP, the SAP may be deliv-
ered as a powder or a slurry vertically downwards onto
tow 14. The low density, open, rectangular tow band
structure exiting air jet 240 permits particles of solids to
evenly distribute within the tow fiber structure. The fiber
structure with evenly distributed solid particles can
quickly be delivered to a subsequent process so that
solid particle containment is achieved. Liquid addition
from assembly 80 also enhances solids containment.
[0034] After the addition of solid substances by
assembly 120, tow 14 is delivered to an optional speed
delivery assembly 90 comprising, among other things, a
driven roller 92 and a roller 94, either or both of which
may have a rubber or metal surface for contact with tow
14. Driven roller 92 controls the overall operation of the
process and the speed of the tow 14 as it is delivered to
another process such as a diaper or absorbent compos-
ite forming machine. In general, driven roller 92 and
driven roller 72 are operated at speeds such that the
surface speed ratio (72/92) is from about 1.0:1.0 to
about 3.0:1.0, preferably 1.8:1.0 to 2.2:1.0.

[0035] The linear speed of roll 92 is typically con-
trolled by the line speed of a diaper or absorbent com-
posite forming process to which the lofty rectangular
tow structure is being fed.

[0036] In the preferred embodiment, tow 14 is deliv-
ered directly to a diaper or absorbent composite forming
process without the use of delivery speed assembly 90.
In this embodiment, the diaper or absorbent composite
process acts as the delivery or takeaway speed control.
The tow band structure with solids and applied liquids is
nipped between rollers or wrapped around a driven sin-
gle roller and pulled away from the air jet 240. Tissues
or other webs can be introduced to encapsulate the
fiber solids structure.

[0037] Additional optional static eliminating bars,
elements 102 and 103, may be positioned between the
air opening jet 240 and the liquids addition assembly 80,
and after the air opening jet 240. Static eliminating bars
100, 101, 102, and 103 can facilitate controlling the
processability of tow 14 by limiting static electricity and
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controlling the shape of the rectangular structure of tow
14. Additional static eliminating bars may be employed
as required and are recommended when the moisture
content in the environment is low. Such additional anti-
static bars may not only be located after assemblies 60,
70 and 80, but also between assemblies 60 and 40, 40
and 130, and 120 and 90. Preferred embodiments have
at least static eliminating bars 100, 101, and 102.

[0038] The air opening jet 240 of the present inven-
tion includes a housing 242 that is formed, at one of its
ends, with an inlet opening 244. As best seen in Fig. 7,
the inlet opening 244 has a generally rectangular con-
figuration that corresponds generally to the shape of the
partially opened tow 14 which is received in the inlet
opening 244 as described above. The housing 242 also
includes an outlet opening 246 which, as best seen in
Fig. 5, also has a rectangular configuration that corre-
sponds to the desired shape of the tow leaving the air
opening jet apparatus 240.

[0039] An air jet, generally indicated by the refer-
ence numeral 248, is formed adjacent the inlet end of
the housing 242, and it includes a source of com-
pressed air 250 and a conventional control valve 252 for
regulating the flow of compressed air from the com-
pressed air source 250 to an air manifold, 254 through
which the compressed air is delivered to jet orifices 256
which form a conventional jet of air for moving the tow
14 through a central passageway 258 in the housing
242 as will be explained in greater detail presently. As
best seen in Fig. 3, the passageway 258 has a gradually
increasing cross-sectional area in the direction of move-
ment of the tow 14 so as to provide a forming chamber
260 downstream of the air jet 248, and this forming
chamber 260 also preferably has a generally rectangu-
lar configuration that corresponds to the rectangular
shape of the tow 14.

[0040] An accumulating chamber 262 is located
adjacent the outlet end of the housing 242 and down-
stream of the forming chamber 260, and the accumulat-
ing chamber 262 has a vertical dimension which is
greater than the outlet opening 264 of the forming
chamber 260, and it also is preferably formed with a rec-
tangular configuration that will permit the opened tow 14
passing into the accumulating chamber 262 from the
forming chamber 260 to accumulate within the accumu-
lating chamber 262 and ultimately be withdrawn from
the housing 242 through the outlet opening 246 at differ-
ent flow rates and in the preferred rectangular shape of
the tow 14.

[0041] As best seen in Figs. 3 and 4, a pair of plates
268, each having a large number of perforations 270
therein, are disposed in the accumulating chamber 262
and in the path of the tow 14 as it exits the forming
chamber 260 and enters the accumulating chamber
262. The plates 268 are fixed in place within the accu-
mulating chamber 262 by a plurality of bolts 272 that
maintain the plates 268 in fixed positions within the
accumulating chamber 262.
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[0042] The housing 242 also includes a pair of side
plates 274 which extend along both sides thereof (see
Fig. 7) to enclose the sides of the accumulating cham-
ber 262 and the forming chamber 260, and each of the
side plates 274 is formed with a plurality of perforations
276 which are located generally at a position where the
carrier air leaves the forming chamber 260 and enters
the accumulating chamber 262, whereby some of the
carrier air can be discharged through the perforations
276.

[0043] In operation of the air opening jet apparatus
240, compressed air from the compressed air source
250 flows to the air jet 248 at a flow rate controlled by
the control valve 252, and the jet of air formed by the ori-
fices 256 will move the tow 14 through the forming
chamber 260. As the tow 14 is moved through the form-
ing chamber 260 by the carrier air, the carrier air will
partially open and expand the tow 14 so that it gradually
increases in cross-sectional area in conformity with the
gradually increasing cross-sectional area of the forming
chamber 260. When the tow exits the forming chamber
260 and enters the accumulating chamber 262, it first
opens even further to correspond to the vertical dis-
tance between the upstream ends of the perforated
plates 268 (see Fig. 3), and the tow 14 engages the
inner surfaces of the perforated plates 2 which are dis-
posed in the path of the tow 14.

[0044] While some of the carrier air may be dis-
charged through the perforations 276 in the side plates
274, a substantial portion of the carrier air moves the
tow 14 through the spacing between the perforated
plates 268 and passes outwardly through the perfora-
tions 270 in the plates 268. In so doing, the air passing
outwardly through the perforations 270 urges the tow 14
into frictional engagement with the facing inner surfaces
of the perforated plates 268, and this frictional engage-
ment creates a braking action on the tow 14 which
retards the movement of the tow 14 through the accu-
mulating chamber 262 and causes the tow to densify
and accumulate in the accumulating chamber 262 at a
density greater than it had in the forming chamber 260,
after which the opened and now densified tow 14 exits
the accumulating chamber 262 through the outlet open-
ing 246 at different flow rates.

[0045] It is important that the tow 14 which exits
through the outlet opening 246 has a desired and uni-
form density throughout the generally rectangular
shape of the tow 14, and the present invention provides
a unique and very desirable method of properly control-
ling the density of the exiting tow 14. More specifically, it
will be apparent that the flow rate of the carrier air will
determine the retarding or braking action applied to the
tow 14 as it passes between the perforated plates 268.
If the flow rate of the carrier air is increased, the carrier
air passing outwardly through the perforations 270 in
the plates 268 will urge the tow 14 into engagement with
the plates 268 with a greater force, and will thereby
increase the retarding or braking action that is applied to
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the tow 14. Conversely, if the flow rate of the carrier air
is decreased, there will be a smaller braking action
applied to the tow 14.

[0046] Therefore, virtually infinite regulation of the
braking action is obtained in the present invention by the
simple expedient of operating the control valve 252 to
provide a flow of carrier air that will provide the desired
braking action imposed on the tow 14, and thereby con-
trol the density of the tow 14 as it leaves the housing
242.

[0047] Although it will be appreciated that the actual
flow rate of the carrier air will vary from application to
application depending on a number of factors, it has
been found in operation of a prototype of the present
invention that an air pressure of about 40 psi provides a
desirable density of the tow 14 consisting of
0.004grams/cm3 exiting through an outlet opening hav-
ing a width of 20 centimeters and a height of 2.5 centim-
eters.

[0048] Figs. 8, 12, and 16 illustrate diagrammati-
cally three alternative tow opening systems which utilize
the air opening jet apparatus 240 of the present inven-
tion in a unique manner. More specifically, Fig. 8 illus-
trates a system in which a plurality of tow bands are fed
into the inlet of the air jet opening apparatus 240. In Fig.
8, where the individual components which are identical
to the components described above in connection with
Fig. 1 are identified by the same reference numerals,
two tow bands 14A and 14B are illustrated, but it will be
understood that more than two tow bands could be uti-
lized, depending on the desired end product.

[0049] As best seen in Fig. 8, the two tow bands
14A and 14B are each fed from a tow bale and into a
conventional banding jet 130A and 130B, respectively,
which are described in greater detail herein. After the
tow bands 14A and 14B are processed by the air band-
ing jets 130A and 130B, both tow bands 14A and 14B
are delivered to the nip of a pre-tension roller assembly
40 that consists of metal roller 42 and a rubber roller 44,
all as described above in connection with Fig. 1. After
the combined tow band leaves the pre-tension roller
assembly 40, it is fed through the same series of com-
ponents as that described in connection with Fig. 1.
[0050] Fig. 9 schematically depicts in transverse
cross-section the resultant end product exiting from the
air opening jet 240 in the system of Fig. 8, wherein the
air banding jets 130A and 130B are set up to deliver the
individual tow bands 14A and 14B in identical widths
and in precise widthwise overlying registration with
respect to one another. In advance of the air opening jet
240, the pre-tension roller assembly 40 and the roller
assemblies 60, 70 effectively produce a substantial
degree of initial intermixing of the filaments of the tow
bands 14A and 14B following which the air opening jet
240 effectively causes the individual filaments in the two
tow bands 14A and 14B to become substantially com-
pletely intermixed with one another into a composite
web wherein the individual filaments of the tow bands
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14A and 14B are commingled with one another essen-
tially throughout the entire widthwise extent and through
essentially the entire thickness of the web, as schemat-
ically depicted in Fig. 9.

[0051] However, in the system illustrated in Fig. 8,
the band width of each individual tow band 14A and 14B
can be individually controlled by the operation of the
conventional air banding jets 130A and 130B to vary the
width of the tow bands 14A and 14B which are simulta-
neously delivered to the air opening jet 240 to provide a
unique product, one example of which is illustrated in
Fig. 10. Thus, the tow bands 14A and 14B may, if
desired, be initially fed from the tow bales through con-
ventional guide components (not shown) that flatten
and orient the tow bands 14A and 14B in a manner well
known in the art, and when the tow bands 14A and 14B
reach the air banding jets 130A and 130B the tow bands
are spread in a direction perpendicular to the direction
of movement of the tow bands to thereby open the two
tow bands 14A and 14B within the banding jets 130A
and 130B. Moreover, the widths of the tow bands 14A
and 14B can be varied by the air banding jets 130A and
130B so that the ultimate product delivered from the air
opening jet 240 has a particular desired composite tow
structure. As one example of such a composite tow
structure, Fig. 10 illustrates in transverse cross-section
the end product exiting from the air opening jet 240 in
the system of Fig. 8 set up such that the air banding jet
130A delivers a narrower tow band 14A centered in
overlying relation with respect to a larger and wider tow
band 14B delivered by the air banding jet 130B. In simi-
lar fashion as above-described, the roller assemblies
40, 60, 70 followed by the air opening jet 240 effectively
causes the individual filaments of the tow bands 14A
and 14B to become commingled into a composite web
wherein the central lengthwise region of the web has
the filaments of the two tow bands 14A and 14B com-
mingled substantially throughout, but the outer edge-
wise regions of the composite web will be comprised
substantially entirely of the filaments of the wider tow
band 14B, as schematically represented in Fig. 10.
[0052] Fig. 11 is a schematic depiction of a length-
wise cross-section taken through either of the compos-
ite tow webs of Figs. 9 or 10 along section lines 11-11
showing the crimped nature of the tow filaments and
schematically illustrating the intimate commingling of
the filaments of the tows 14A and 14B, characterized in
that the respective filaments of the tows essentially can-
not be distinguished from one another. Of course, as
persons skilled in the art will recognize, many other var-
iations of composite multi-tow web products may be
produced as a result of the processing system of Fig. 8
as well as other possible alternative processing sys-
tems of the present invention, such as those of Figs. 12
and 16 as will be explained in greater detail below.
[0053] Another alternate processing system using
the unique air opening jet 240 is illustrated in Fig. 12,
and, again, to the extent that the components illustrated
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in Fig. 12 are identical to those in Fig. 1, the same refer-
ence numerals are used and the details need not be
described again here. In this system, the tow bands 14A
and 14B are fed from the tow bales (as shown in Fig. 8)
to the individual air banding jets 130 in the same man-
ner as that described above in connection with Fig. 8.
However, in the system illustrated in Fig. 12, the tow
bands 14A and 14B are each processed individually
through all of the components which act upon the single
tow band 14 in Fig. 1, i.e., through separate respective
pre-tension roller assemblies 40, and separate respec-
tive roller assemblies 60, 70, and separate respective
liquid additive assemblies 80, and since the two tow
bands 14A and 14B are individually processed by a
variety of processing components as illustrated in Fig.
12, this system can be used to effectively control the
width of the two tow bands 14A and 14B, and to control
individually the delivery speed and bloom of each tow
band 14A, 14B. Additionally, since a liquid additive is
applied individually to the tow bands 14A and 14B by
components 80, 84 and 86, which are described in con-
nection with Fig. 1 above, different additives or no addi-
tives can be applied to either or both of the tow bands
14A and 14B to achieve separate effects for each tow
component, such as varying the super absorbent poly-
mer containment, the solids attachment, or the fluid dis-
tribution enhancement characteristics of the respective
tow bands 14A and 14B. Alternatively or in addition,
additives may also be applied to the resultant composite
tow web downstream of the air opening jet 240.

[0054] In contrast to the system of Fig. 8, the use of
separate respective pre-tension roller assemblies 40,
roller assemblies 60, 70 and liquid additive assemblies
80 for the two respective tow bands 14A and 14B in the
system of Fig. 12 prevents any intermixing of the tow
bands 14A and 14B prior to delivery into the air opening
jet 240. Hence, in the composite tow web exiting the air
opening jet 240, the individual filaments of the two tow
bands 14A and 14B are intermixed only via the action of
the air opening jet 240 and, hence, to a lesser extent
than in the composite web produced by the system of
Fig. 8. More specifically, the composite tow web pro-
duced by the system of Fig. 12 essentially has three
identifiably differing tow regions across the thickness of
the composite web: a first region adjacent one outward
face of the composite web comprised predominately of
the air-opened deregistered filaments of the tow band
14A merging gradually into an intermediate region cen-
trally across the thickness of the tow web comprised of
opened and deregistered filaments of both tow bands
14A and 14B substantially commingled with respect to
one another which merges gradually into a third region
at the opposite outward face of the composite tow web
comprised predominately of the opened deregistered
filaments of the tow band 14B. These three regions are
schematically depicted in transverse cross-section by
the composite tow webs of Figs. 13 and 14, Fig. 13
depicting an embodiment of the composite tow web pro-
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duced by the system of Fig. 12 wherein the tows 14A
and 14B are of the same width and overlie one another
in widthwise registry and Fig. 14 illustrating an alterna-
tive embodiment of composite tow, similar to that of Fig.
10, wherein the tow 14A is of a narrower widthwise
extent centered in overlying relation with respect to the
wider tow 14B.

[0055] Fig. 15 illustrates schematically the three
regions of the composite tow web of Figs. 13 and 14 in
lengthwise cross-section, similar to that of Fig. 11.In
contrast to the composite tow web produced by the sys-
tem of Fig. 8, the composite tow web space produced
by the system of Fig. 12 has the respective filaments of
the individual tow bands 14A, 14B substantially com-
mingled with one another predominately only in the
region of the interface between the tow bands 14A and
14B when delivered into the air opening jet 240.

[0056] It will be understood that the ability to utilize
a plurality of individually controlled and/or processed
tow bands in combination with the air opening jet 240
provides an opportunity for producing a wide variety of
products that have a structure and composition which
can be tailored to a particular function. For example, it is
possible to create a composite tow web structure that is
particularly well suited to serve as a component of an
absorbent disposable device, such as a disposable dia-
per. A composite tow structure of an embodiment such
as illustrated in Figs. 10 or 14 would be suitable for this
particular application, and would consist of a tow band
14A having a higher denier units per filter (DPF), e.g., 6-
8 DPF, and a total denier of between 12,000 to 20,000.
Tow band 14A would be oriented in the middle of the
composite structure as illustrated in Figs. 10 or 14 so
that it would be in contact with, or closely adjacent to,
the initial fluid insult zone of the absorbent disposable
device, and the higher DPF in the tow band 14A will pro-
vide improved fluid acquisition because of its higher
strength and resistance to collapse when hydrated. In a
typical example, the banding jet 130A in Fig. 8, or the
banding jet 130 applied to tow band 14A in Fig. 12,
would restrict the width of tow band 14A to approxi-
mately 80 mm. If the system in Fig. 12 is utilized, the lig-
uid applied to tow band 14A, via liquid application
assembly 80, would be a surfactant that will enhance
fluid management within the fluid acquisition structure.
On the other hand, the tow band 14B would have a
lower DPF, e.g., 2-3, with a total denier of between
30,000-40,000, and tow band 14B would be oriented on
the bottom of the composite structure so that it would be
the main core body of the absorbent disposable device.
The lower DPF tow band structure would provide
improved super absorbent polymer containment
because of the higher density, larger fiber surface con-
tact area and a larger number of individual fibers. Thus,
for example, a 2.0 DPF/40,000 total denier tow band
14B would have approximately 20,000 separate fibers,
whereas a 6.0 DPF/15,000 total denier tow band 14A
would have only about 2,500 separate fibers. Preferably,
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the banding jet 130B would restrict the width of the tow
band 14B to 150 mm, which would be the full inlet width
of the air opening jet 240, so that the composite tow
structure exiting the air opening jet 240 would have a
configuration as diagrammatically shown in Fig. 10.
Finally, if the system illustrated in Fig. 12 is utilized, the
liquid applied to the tow band 14A, via assembly 80,
would be preferably a bonding agent such as a plasti-
cizer, water, or water-based adhesive to enhance the
super absorbent polymer containment and/or solid
attachment or containment within the structure of the
tow band 14B.

[0057] It will be understood, of course, that the par-
ticular composite tow structures described above are
only representative examples of a variety of composite
tow structures that can be created utilizing the systems
illustrated in Figs. 8 and 12. For example, in addition to
controlling the width of the tow bands 14A and 14B, if
the system illustrated in Fig. 12 is utilized, it is also pos-
sible to separately control the delivery speed and/or
bloom of each individual tow band 14A and 14B by con-
trolling the speed of the roller assemblies 60 and 70, to
thereby vary the characteristics of the tow bands 14A
and 14B which are delivered to the air jet 240. Likewise,
other types of filaments may be used to form the tow
bands 14A and 14B. For example, it is contemplated
that one of the tow bands may be formed of filaments
which comprise a fusible bicomponent fiber material
which may be utilized to bind together the filaments of
the tow bands 14A and 14B by subjecting the composite
tow web to a subsequent heat treatment. Naturally,
many other alternative embodiments will readily occur
to persons skilled in the art.

[0058] It is further contemplated that the ability pro-
vided by the present invention to selectively combine
and intermix differing tow bands into a composite tow
web may enable the resultant tow web to have superior
or enhanced features, characteristics and/or perform-
ance in comparison to opened tow webs made of a sin-
gle tow band. In order to assess this possibility,
experiments were conducted comparing a composite
tow web made in accordance with the system of Fig. 8
described above and opened tow webs made of a single
tow band utilizing the system of Fig. 1. The results of
such experiments are compiled in the charts of Figs. 19
and 20. Each web was identically treated to apply
thereto a layer of a super absorbent polymer (SAP),
appropriate porous and non-porous glue layers, and
outer coverings of tissue, to produce from each web an
absorbent device such as utilized in a disposable diaper
as described above. Two sample devices were made of
differing composite tow webs produced by the system of
Fig. 8 and three sample devices were made of single
tow webs produced by the system of Fig. 1, and the
devices were then tested to determined their liquid
acquisition and absorption capabilities. The differing
physical characteristics of the sample devices are com-
piled for comparative purposes in the chart of Fig. 19,
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while the results of the testing of such devices are com-
piled in the chart of Fig. 20. The sample devices made
with composite tows utilizing the system of Fig. 8 are
identified as Samples 6-0601 and 7-0601, while the
sample devices made of a single tow utilizing the sys-
tem of Fig. 1 are identified as Samples 2-0601, 3-0601,
and 4-0601.

[0059] As will be seen, the sample devices made
with the composite tow webs achieved superior acquisi-
tion and absorption results in comparison to the devices
made with the single tow webs, even as to the single tow
webs having the same average denier per filament as
the composite tow webs. It is reasonable to conclude
from these experiments that the composite tow webs
provide for better containment of the super absorbent
polymer than webs made of a single tow which, in turn,
indicates that the tow structure has a higher degree of
stability.

[0060] Another unique system utilizing the air open-
ing jet 240 of the present invention is illustrated in Fig.
16 where, again, like reference numerals are used to
identify the same components of the system as those
described above in conjunction with Fig. 1. In this sys-
tem, each of the tow bands 14A, 14B are passed sepa-
rately through a series of processing steps, and then fed
to the intake of a separate air opening jet 240. More
specifically as illustrated in Fig. 16, each two band 14A
and 14B are passed individually through a banding jet
130, then through roller assemblies 40, 60 and 70 as
described above, and then through the liquid addition
assembly 80, after which each tow band is fed to the
intake of a separate air opening jet 240.

[0061] The tow bands exiting the air opening jets
240 are then combined and jointly delivered to the same
components that are downstream of the air opening jet
240 as illustrated in Fig. 1, and when the combined tow
bands are moved through the speed delivery roller
assembly 90, a composite multi-tow web is created as
diagrammatically illustrated in Figs. 17 and 18.

[0062] Since the tow bands 14A, 14B are individu-
ally opened and processed in a separate air opening jet
240 and then combined together, the tow bands 14A,
14B, have a generally laminated layered relationship, as
is depicted schematically in Figs 17 and 18, with very lit-
tle entanglement of fibers of the two tow bands, 14A,
14B, as compared with the multi-tow webs illustrated in
Figs. 9, 10, 13 and 14.

[0063] Another advantage of the multi-tow webs
formed by the system in Fig. 16 is that the laminated
construction of the web lends itself to different types of
specialty processing. For example, each layer in the
product can be provided with separate and individual-
ized finishes at the liquid additive stations 80, and, if
desired, one or both of the liquid additive stations 80, or
an additional processing station downstream of air
opening jets 240, may insert a desired material (e.g. a
super-absorbent polymer) between the layers formed
by the tow bands 14A, 14B.
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[0064] It will, therefore, be readily understood by
those persons skilled in the art that the present inven-
tion is susceptible of broad utility and application. Many
embodiments and adaptations of the present invention
other than those herein described, as well as many var-
iations, modifications and equivalent arrangements, will
be apparent from or reasonably suggested by the
present invention and the foregoing description thereof,
without departing from the substance or scope of the
present invention. Accordingly, while the present inven-
tion has been described herein in detail in relation to its
preferred embodiment, it is to be understood that this
disclosure is only illustrative and exemplary of the
present invention and is made merely for purposes of
providing a full and enabling disclosure of the invention.
The foregoing disclosure is not intended or to be con-
strued to limit the present invention or otherwise to
exclude any such other embodiments, adaptations, var-
iations, modifications and equivalent arrangements, the
present invention being limited only by the claims
appended hereto and the equivalents thereof.

Claims

1. An air opening jet apparatus for use in a system for
opening a thin, relatively wide tow of textile fila-
ments held together by crimping and forming the
opened tow into a predetermined shape suitable for
use as an absorbent structure for personal care
products, comprising:

(a) a housing having an inlet opening for receiv-
ing a partially opened tow and having a config-
uration corresponding generally to the shape of
the partially opened tow, and having an outlet
opening through which said tow exits said
housing and having a configuration corre-
sponding generally to said predetermined
shape;

(b) an air jet formed within the housing adjacent
said inlet opening thereof to create a venturi
which moves the tow through the air opening
jet apparatus and which also further opens the
tow;

(c) a source of compressed air communicating
with said air jet to provide carrier air for moving
said tow through said jet apparatus;

(d) a forming chamber within the housing and
downstream of the air jet that includes a gradu-
ally increasing cross-sectional area in the
direction of flow of the tow that corresponds to
said predetermined shape, said air jet being
disposed within said housing to cause said tow
to be fully opened and to substantially fill said
forming chamber as it moves therethrough;

(e) an accumulating chamber located within
said housing downstream of said forming
chamber that is constructed and arranged to
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permit said opened tow to accumulate within
the accumulating chamber and be withdrawn
from said housing at different flow rates
through said housing outlet opening in said
predetermined shape, said accumulating
chamber including at least one perforated plate
disposed in the path of said tow and said car-
rier air moving therethrough to cause said tow
to engage said perforated plate and to cause at
least some of said carrier air to pass through
said perforated plate; and

(f) a control valve for maintaining the flow of
said carrier air at a level that will cause at least
said portion of said carrier air to pass through
said perforated plate and urge said tow into
frictional engagement with said perforated
plate with sufficient force to retard the move-
ment of the tow through said accumulating
chamber and cause said tow to accumulate in
said accumulating chamber.

An air opening jet apparatus as defined in Claim 1,
wherein said accumulating chamber includes a
second perforated plate located in spaced relation
to said at least one perforated plate, and wherein
said tow moves between said perforated plates and
is urged into engagement therewith by said carrier
air passing through both said perforated plates.

An air opening jet apparatus as defined in claim 1,
wherein said shape of said outlet opening in said
housing is rectangular.

An air opening jet apparatus for opening a thin, rel-
atively wide tow of textile filaments and forming the
opened tow into a predetermined shape compris-

ing:

(a) a housing having an inlet opening for receiv-
ing a partially opened tow and an outlet open-
ing through which said tow exits said housing;
(b) an air jet formed within the housing adjacent
said inlet opening thereof to create a venturi
which moves the tow through the air opening
jet apparatus and which also further opens the
tow;

(c) a source of compressed air communicating
with said air jet to provide carrier air for moving
said tow through said jet apparatus;

(d) a forming chamber within the housing and
downstream of the air jet that includes a gradu-
ally increasing cross-sectional area in the
direction of flow of the tow, said air jet being
disposed within said housing to cause said tow
to be substantially fully opened as it moves
therethrough;

(e) an accumulating chamber located within
said housing downstream of said forming
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chamber that is constructed and arranged to
permit said opened tow to accumulate within
the accumulating chamber and be withdrawn
from said housing at different flow rates
through said housing outlet opening, said accu-
mulating chamber including at least one perfo-
rated plate disposed in the path of said tow and
said carrier air moving therethrough to cause
said tow to engage said perforated plate and to
cause at least some of said carrier air to pass
through said perforated plate; and

(f) a control valve for maintaining the flow of
said carrier air at a level that will cause at least
said portion of said carrier air to pass through
said perforated plate and urge said tow into
frictional engagement with said perforated
plate with sufficient force to retard the move-
ment of the tow through said accumulating
chamber and cause said tow to accumulate in
said accumulating chamber at a greater den-
sity than it has in said forming chamber.

A method of opening a thin, relatively wide tow of
textile filaments and forming the opened tow into a
predetermined shape, said method comprising the
steps of:

(a) creating a jet of carrier air for moving the
tow through a housing from an inlet opening to
an outlet opening;

(b) moving said tow through a forming chamber
within said housing having a gradually increas-
ing cross-sectional area in the direction of flow
of the tow to partially open the tow;

(c) moving the tow into a forming chamber
downstream of said forming chamber while
causing said tow to engage at least one perfo-
rated plate positioned in the path of said tow
and causing at least a portion of said carrier air
to flow outwardly through said perforated plate;
and

(d) regulating the flow of said carrier air to
cause the carrier air to urge the tow into fric-
tional engagement with said perforated plate
with sufficient force to retard the movement of
the tow through the accumulating chamber and
cause the tow to accumulate within said accu-
mulating chamber at a greater density than it
has in said forming chamber.

A system for opening a multi-tow band and forming
it into a predetermined shape suitable for use as an
absorbent structure for personal care products,
said system comprising:

(a) a first arrangement for receiving a first tow
from a tow bale having a predetermined denier
units per filament, spreading the filaments in
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said first tow into a first tow band, and having
an exit end for discharging said first tow band
therefrom with a predetermined width;

(b) a second arrangement for receiving a sec-
ond tow from a tow bale having a predeter-
mined denier units per filament which is
different from the predetermined denier of said
first tow, spreading the filaments in said second
tow into a second tow band, and having an exit
end for discharging said second tow band
therefrom with a predetermined width;

(c) an air jet opening apparatus that includes:

(i) a housing;

(ii) an inlet for simultaneously receiving
said first and second tow bands as a multi-
tow band with one of said bands being dis-
posed on top of the other band;

(iii) an air jet for opening said multi-tow
band; and

(iv) an exit end for discharging said opened
multi-tow band.

A system for forming a multi-tow band as defined in
Claim 6, wherein the width of said exit end of one of
said first or second arrangement is smaller than the
other, whereby said multi-tow band discharged
from said exit end of said air jet opening apparatus
has one tow band that is larger in width than the
other.

A system for forming a multi-tow band as defined in
Claim 7, wherein said tow band having the larger
width has a different denier per filament than the
denier per filament of the other tow band.

A system for forming a multi-tow band as defined in
Claim 7, wherein said tow band having the larger
width has a denier per filament that is less than the
denier per filament of the other tow band.

A system for forming a multi-tow band as defined in
Claim 7, wherein the system includes a surfactant
applicator located upstream of the inlet of said air
opening jet for individually applying a surfactant to
one or both of said tow bands

A system for forming a multi-tow band as defined in
Claim 10, wherein said surfactant is applied only to
said tow band having the smaller width.

A system for forming a multi-tow band as defined in
Claim 7, wherein the system includes a bonding
agent applicator located upstream of the inlet of
said air opening jet for applying a bonding agent to
one or both of said tow bands.

A system for forming a multi-tow band as defined in
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Claim 12, wherein said bonding agent is applied to
said tow band having the larger width.

A system for forming a multi-tow band as defined in
Claim 6, wherein each of said first and second
arrangements comprises a tow banding jet for
receiving the respective first or second tow and
spreading the tow, and at least one pair of delivery
rolls disposed between said first and second band-
ing jets, respectively, and said air opening jet appa-
ratus, and wherein the speed at which said first and
second tow bands are delivered to said air jet open-
ing apparatus can be individually controlled.

A system for forming a multi-tow band as defined in
Claim 6, wherein said first and second arrange-
ments can be individually controlled to vary the
bloom of said first and second tow bands.

A system for opening a multi-tow band and forming
it into a predetermined shape suitable for use as an
absorbent structure for personal care products,
said system comprising:

(a) a first arrangement for receiving a first tow
from a tow bale having a predetermined denier
units per filament, spreading the filaments in
said first tow into a first tow band, and having
an exit end for discharging said first tow band
therefrom with a predetermined width;

(b) a second arrangement for receiving a sec-
ond tow from a tow bale having a predeter-
mined denier units per filament which is
different from the predetermined denier of said
first tow, spreading the filaments in said second
tow into a second tow band, and having an exit
end for discharging said second tow band
therefrom with a predetermined width; and

(c) an air jet apparatus which includes

(i) a housing having an inlet opening for
simultaneously receiving said first and sec-
ond tows and having a configuration corre-
sponding generally to the shape of said
first and second tows, and having an outlet
opening through which said first and sec-
ond tows exit said housing as a multi-lay-

ered tow having a configuration
corresponding generally to said predeter-
mined shape;

(ii) an air jet formed within the housing
adjacent said inlet opening thereof to cre-
ate a venturi which moves the first and sec-
ond tows through the air opening jet
apparatus and which also further opens
the first and second tows;

(iii) a source of compressed air communi-
cating with said air jet to provide carrier air
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for moving said first and second tows
through said jet apparatus;

(iv) a forming chamber within the housing
and downstream of the air jet that includes
a gradually increasing cross-sectional area
in the direction of flow of the first and sec-
ond tows that corresponds to said prede-
termined shape, said air jet being disposed
within said housing to cause said first and
second tows to be fully opened and to sub-
stantially fill said forming chamber as they
move therethrough;

(v) an accumulating chamber located
within said housing downstream of said
forming chamber that is constructed and
arranged to permit said opened first and
second tows to accumulate within the
accumulating chamber and be withdrawn
from said housing at different flow rates
through said housing outlet opening in said
predetermined shape, said accumulating
chamber including at least one perforated
plate disposed in the path of said first and
second tows and said carrier air moving
therethrough to cause said first and sec-
ond tows to engage said perforated plate
and to cause at least some of said carrier
air to pass through said perforated plate.;
and

(vi) a control valve for maintaining the flow
of said carrier air at a level that will cause
at least said portion of said carrier air to
pass through said perforated plate and
urge said first and second tows into fric-
tional engagement with said perforated
plate with sufficient force to retard the
movement of the first and second tows
through said accumulating chamber and
cause said first and second tows to accu-
mulate in said accumulating chamber.

17. A method of opening a multi-tow band and forming

it into a predetermined shape suitable for use as an
absorbent structure for personal care products,
said method comprising the steps of:

(a) moving a first tow from a tow bale having a
predetermined denier units per filament
through a first arrangement to spread the fila-
ments in said first tow into a first tow band, and
discharging said first tow band therefrom with a
predetermined width;

(b) moving a second tow from a tow bale hav-
ing a predetermined denier units per filament
which is different from the predetermined
denier of said first tow through a second
arrangement for spreading the filaments in said
second tow into a second tow band, and dis-
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18.

19.

20.
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charging said second tow band therefrom with
a predetermined width; and

(c) combining said first and second tow bands
into a double-layered tow band at the inlet of an
air jet opening apparatus, and passing said
double-layered tow band through said air jet
opening apparatus for opening said double-lay-
ered tow band and discharging said opened
double-layered tow band.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
17, wherein the width of the tow band discharged
from one of said first or second arrangements is
smaller than the other, whereby said multi-layered
tow band discharged from said exit end of said air
jet opening apparatus has one tow band layer that
is larger than the other.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
18, wherein said tow band having the larger width
has a denier per filament that is less than the denier
per filament of the other tow band.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
18, wherein a surfactant is applied to said tow band
having a smaller width downstream of said air jet
opening apparatus.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
18, wherein a bonding agent is applied to said tow
band having the larger width downstream of said air
jet opening apparatus.

A method of opening a multi-tow band and forming
it into a predetermined shape suitable for use as an
absorbent structure for personal care products,
said method comprising the steps of:

(a) moving a first tow from a tow bale having a
predetermined denier units per filament
through a first arrangement to spread the fila-
ments in said first tow into a first tow band, and
discharging said first tow band therefrom with a
predetermined width;

(b) moving a second tow from a tow bale hav-
ing a predetermined denier units per filament
which is different from the predetermined
denier of said first tow, spreading the filaments
in said second tow into a second tow band, and
discharging said second tow band therefrom
with a predetermined width;

(c) creating a jet of carrier air for moving the
first and second tow bands through a housing
from an inlet opening to an outlet opening;
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(d) moving said first and second tow bands
through a forming chamber within said housing
having a gradually increasing cross-sectional
area in the direction of flow of the first and sec-
ond tow bands to partially open the first and
second tow bands;

(e) moving the first and second tow bands into
an accumulating chamber downstream of said
forming chamber while causing said first and
second tow bands to engage at least one per-
forated plate positioned in the path of said first
and second tow bands and causing at least a
portion of said carrier air to flow outwardly
through said perforated plate; and

(f) regulating the flow of said carrier air to cause
the carrier air to urge the first and second tow
bands into frictional engagement with said per-
forated plate with sufficient force to retard the
movement of the first and second tow bands
through the accumulating chamber and cause
the first and second tow bands to accumulate
within said accumulating chamber at a greater
density than it has in said forming chamber.

23. A system for opening a multi-tow band and forming

it into a predetermined shape suitable for use as an
absorbent structure for personal care products,
said system comprising:

(a) a first arrangement for receiving a first tow
from a tow bale having a predetermined denier
units per filament, spreading the filaments in
said first tow into a first tow band, and having
an exit end for discharging said first tow band
therefrom with a predetermined width;

(b) a second arrangement for receiving a sec-
ond tow from a tow bale having a predeter-
mined denier units per filament which is
different from the predetermined denier of said
first tow, spreading the filaments in said second
tow into a second tow band, and having an exit
end for discharging said second tow band
therefrom with a predetermined width;

(c) a first air jet opening apparatus that
includes:

(i) a housing;

(i) an inlet for receiving said first tow band
delivered from the exit end of said first
banding jet;

(iii) an air jet for opening said first tow
band; and

(iv) an exit end for discharging said opened
first band;

(d) a second air jet opening apparatus that
includes:
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(i) a housing;

(i) an inlet for receiving said second tow
band delivered from the exit end of said
second banding jet;

(iii) an air jet for opening said second tow
band; and

(iv) an exit end for discharging said opened
second tow band; and

(e) an arrangement downstream of said first
and second air jet opening apparatus disposed
to receive said tow bands discharged there-
from and to combine said tow bands into a
multi-tow band.

A system for forming a multi-tow band as defined in
Claim 23, wherein the width of said exit end of one
of said first or second arrangements is smaller than
the other, whereby said multi-tow band formed at
said exit ends of said first and second air jet open-
ing apparatus has one tow band that is larger in
width than the other.

A system for forming a multi-tow band as defined in
Claim 24, wherein said tow band having the larger
width has a denier per filament that is less than the
denier per filament of the other tow band.

A system for forming a multi-tow band as defined in
Claim 24, wherein said tow band having the larger
width has a denier per filament that is less than the
denier per filament of the other tow band.

A system for forming a multi-tow band as defined in
Claim 24, wherein the system includes a surfactant
applicator located upstream of the inlet of one or
both of said first and second air opening jets for
individually applying a surfactant to one or both of
said tow bands

A system for forming a multi-tow band as defined in
Claim 27, wherein said surfactant is applied only to
said tow band having the smaller width.

A system for forming a multi-tow band as defined in
Claim 24, wherein the system includes a bonding
agent applicator located upstream of the inlet of
one or both of said first and second air opening jets
for applying a bonding agent to one or both of said
tow bands.

A system for forming a multi-tow band as defined in
Claim 29, wherein said bonding agent is applied to
said tow band having the larger width.

A system for forming a multi-tow band as defined in
Claim 23, wherein said first and second arrange-
ments can be individually controlled to vary the
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bloom of said first and second tow bands.

A method of opening a multi-tow band and forming
it into a predetermined shape suitable for use as an
absorbent structure for personal care products,
said method comprising the steps of:

(a) moving a first tow from a tow bale having a
predetermined denier units per filament
through a first arrangement to spread the fila-
ments in said first tow into a first tow band, and
discharging said first tow band therefrom with a
predetermined width;

(b) moving a second tow from a tow bale hav-
ing a predetermined denier units per filament
which is different from the predetermined
denier of said first tow through a second
arrangement and spreading the filaments in
said second tow into a second tow band, and
discharging said second tow band therefrom
with a predetermined width;

(c) moving said first tow band discharged from
said first arrangement to a first air opening jet
for opening and blooming said first tow band,
and discharging said first tow band therefrom;
(d) moving said second tow band discharged
from said second arrangement to a second air
opening jet for opening and blooming said sec-
ond tow band, and discharging said second
tow band therefrom;

(e) combining said first and second tow bands
discharged from said first and second air open-
ing jets into a composite multi-tow band.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
32, wherein the width of the tow band discharged
from one of said first or second arrangements is
smaller than the other, whereby said multi-tow band
has one tow band layer that is larger than the other.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
33, wherein said tow band having the larger width
has a denier per filament that is less than the denier
per filament of the other tow band.

A method of opening a multi-tow band and forming
it into a predetermined shape as defined in claim
33, wherein a surfactant is applied to said tow band
having a smaller width.

An air opening jet apparatus for use in a system for
opening a thin, relatively wide band of continuous
filament fibers and forming the opened band of fib-
ers into a predetermined shape suitable for use as
an absorbent structure for personal care products,
comprising:
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(a) a housing having an inlet opening for receiv-
ing a partially opened band of fibers and having
a configuration corresponding generally to the
shape of the partially opened band of fibers,
and having an outlet opening through which
said band of fibers exits said housing and hav-
ing a configuration corresponding generally to
said predetermined shape;

(b) an air jet formed within the housing adjacent
said inlet opening thereof to create a venturi
which moves the band of fibers through the air
opening jet apparatus and which also further
opens the band of fibers;

(c) a source of compressed air communicating
with said air jet to provide carrier air for moving
said band of fibers through said jet apparatus;
(d) a forming chamber within the housing and
downstream of the air jet that includes a gradu-
ally increasing cross-sectional area in the
direction of flow of the band of fibers that corre-
sponds to said predetermined shape, said air
jet being disposed within said housing to cause
said band of fibers to be fully opened and to
substantially fill said forming chamber as it
moves therethrough;

(e) an accumulating chamber located within
said housing downstream of said forming
chamber that is constructed and arranged to
permit said opened band of fibers to accumu-
late within the accumulating chamber and be
withdrawn from said housing.

A product formed by the method defined in claim 5.

A product formed by the method defined in claim
17.

A product formed by the method defined in claim
22.

A product formed by the method defined in claim
32.

A textile web comprising a first tow and a second
tow each of multiple continuous textile filaments
opened such that the filaments are deregistered
with respect to one another.

A textile web according to claim 41, wherein the fil-
aments of the first and second tow are commingled
with each other within at least a portion of the web.

A textile web according to claim 41, wherein the first
and second tow are generally layered with respect
to each other within at least a portion of the web.

A textile web according to claim 41, wherein the fil-
aments of the first and second tow are of differing
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deniers per filament.

A textile web according to claim 42, wherein the fil-
aments of the first and second tow are commingled
with each other essentially throughout the web.

A textile web according to claim 42, wherein the fil-
aments of the first and second tow are commingled
with each other essentially along an interface ther-
ebetween.

A textile web according to claim 41, wherein the fil-
aments of one of the first and second tow comprise
a fusible bicomponent fiber binding together the fil-
aments of the first and second tow.

A textile web according to claim 41, and further
comprising a super absorbent polymer.

A textile web according to claim 41, wherein the first
and second tow are of differing widths.
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