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(57) ABSTRACT 

A hydraulically entangled nonwoven fabric that includes 
recycled Synthetic fibers and fiber-like materials having at 
least one thread element composed of Synthetic material 
with at least one irregular distortion generated by hydraulic 
fracture of the thread element to Separate it from a bonded 
fibrous material while the bonded fibrous material is Sus 
pended in a liquid. This material may be used as a wiper or 
an absorbent material. A method of forming the material 
includes the steps of: (a) providing a layer of recycled 
Synthetic fibers and fiber-like materials having at least one 
thread element composed of Synthetic material containing at 
least one irregular distortion generated by hydraulic fracture 
of the thread element to separate it from a bonded fibrous 
material while the bonded fibrous material is Suspended in a 
liquid; (b) hydraulically entangling the layer to form a 
nonwoven web; and (c) drying the web. 
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HYDROENTANGLED NONWOVEN WEB 
CONTAINING RECYCLED SYNTHETIC FIBROUS 

MATERALS 

FIELD OF THE INVENTION 

0001. The present invention relates to a hydraulically 
entangled nonwoven fabric containing recycled fibers and a 
method for making a nonwoven composite fabric. 

BACKGROUND OF THE INVENTION 

0002 Although nonwoven webs of pulp fibers are known 
to be absorbent, nonwoven webs made entirely of pulp fibers 
may be undesirable for certain applications Such as, for 
example, heavy duty wiperS because they lack Strength and 
abrasion resistance. 

0.003 Pulp fibers have been combined with staple length 
fibers and hydraulically entangled. However, adding Staple 
fibers increases expense. In addition, Suspensions containing 
Staple fibers can be more difficult to proceSS utilizing con 
ventional paper-making or wet-laying techniques. One 
known technique for combining these materials is by 
hydraulic entangling. For example, U.S. Pat. No. 4,808,467 
to Suskind discloses a high-strength nonwoven fabric made 
of a mixture of wood pulp and textile fibers entangled with 
a continuous filament base web. 

0004 Laminates of pulp fibers with textiles and/or non 
woven webs are disclosed in Canadian Patent No. 841,398 
to Shambelan. According to that patent, high pressure jet 
Streams of water may be used to entangle an untreated paper 
layer with base WebS Such as, for example, a continuous 
filament web. 

0005. It has been proposed that bonded fibrous webs may 
be mechanically broken up into Smaller pieces Such as fiber 
bundles, threads and/or individual fibers and these pieces 
then be formed into a web by hydraulic entangling. This is 
normally accomplished by mechanical tearing and Shred 
ding dry material. 
0006 For example, International Application PCT/SE95/ 
00938 states that it is known to mechanically shred dry 
nonwoven and textile waste and that dry mixed waste 
containing both Synthetic and natural fibers may be used. 
According to PCT/SE95/00938, a significant feature of 
Shredding and tearing techniques is that the tearing or 
Shredding operation is often incomplete So that recycled 
fibers are present partly in the form of discrete bits of the 
original fabric that may be characterized as “flocks” or fiber 
bundles. These flocks are described as providing non-uni 
formities that give webs containing Such flocks a more 
textile-like appearance. 
0007 Flocks and bits of fabric are difficult to process in 
Subsequent operations Such as, for example, a wet-laying 
process, air-laying process, hydraulic entangling proceSS or 
other web-forming processes. Presence of these non-unifor 
mities may reduce the value of the recycled fibers as well as 
degrade the appearance, Strength, uniformity and other 
desirable properties of a web or fabric made with the 
recycled fibers. Removing the non-uniformities by Screening 
or other techniques reduces the efficiency of the fiber recov 
ery. Additional dry mechanical chopping, Shredding, tearing, 
garnetting or picking operations to reduce the fiber bundles 
or flocks into fibers or fiber-like material having a length of 
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less than 5 millimeters may be impractical. In addition, the 
additional mechanical work may transfer So much energy in 
the form of heat that the dry material may melt into unusable 
clumpS and may diminish or eliminate any environmental or 
economic advantages initially presented by recycling the 
material. 

SUMMARY OF THE INVENTION 

0008. The present invention addresses the needs dis 
cussed above by providing a hydraulically entangled non 
woven fabric that includes recycled synthetic fibers and 
fiber-like materials having at least one thread element com 
posed of Synthetic material and with at least one irregular 
distortion generated by hydraulic fracture of the thread 
element to separate it from a bonded fibrous material while 
the bonded fibrous material is Suspended in a liquid. 
0009. The thread element may have a length ranging 
from about 1 millimeter to about 15 millimeters. For 
example, the thread element may have a length ranging from 
about 1.5 to about 10 millimeters. As another example, the 
thread element may have a length ranging from about 2 to 
about 5 millimeters. The thread element may have a diam 
eter of less than 100 micrometers. For example, the thread 
element may have a diameter of less than about 30 microme 
ters and, as a particular example, may have a fiber diameter 
of from about 10 micrometers to about 20 micrometers. 

0010. According to an aspect of the invention, the irregu 
lar distortions may be in the form of bends in the thread 
element, flattened segments of thread element, expanded 
Segments of thread element and combinations thereof. In 
addition, with recycling, the bends and/or twists provide 
more effective interlocking of the fibrous web in the entan 
gling process. 
0011 Generally speaking, the irregular distortions cause 
the thread elements of the recycled materials to have greater 
Surface area than thread elements in the bonded fibrous 
material prior to hydraulic fracture of the thread element to 
Separate it from the bonded fibrous material. For example, 
the Surface areas of the recycled thread elements are at least 
about 5 percent greater. 

0012. In embodiments of the invention, the recycled 
synthetic fibers and fiber-like materials may be a synthetic 
material Selected from polyesters, polyamides, polyolefins, 
fiberglass and combinations thereof. In embodiments of the 
invention, the recycled Synthetic fibers and fiber-like mate 
rials may be a Synthetic thermoplastic material. For 
example, the Synthetic thermoplastic material may be a 
polyolefin Such as polypropylene, polyethylene and combi 
nations of the same. The Synthetic thermoplastic material 
may be in the form of multicomponent fibers, filaments, 
Strands or the like and may include fiber and/or filaments 
having various croSS-Sectional shapes, lobes or other con 
figurations. 

0013 The hydraulically entangled nonwoven fabric may 
further include non-recycled natural fibrous materials, non 
recycled natural Synthetic materials, recycled natural fibrous 
materials, particulate materials and combinations thereof. 
For example, hydraulically entangled nonwoven fabric may 
further include pulp fibers. In an embodiment of the inven 
tion, the hydraulically entangled nonwoven fabric may 
contain from about 1 to about 85 percent, by weight of 
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recycled synthetic fibers and fiber-like materials and from 
about 15 to about 99 percent, by weight of pulp. 
0.014. The pulp fiber component may be woody and/or 
non-Woody plant fiber pulp. The pulp may be a mixture of 
different types and/or qualities of pulp fibers. 
0.015 The present invention also contemplates treating 
the hydraulically entangled nonwoven fabric with small 
amounts of materials Such as, for example, binders, Surfac 
tants, cross-linking agents, de-bonding agents, fire retar 
dants, hydrating agents, pigments and/or dyes. Alternatively 
and/or additionally, the present invention contemplates add 
ing particulates Such as, for example, activated charcoal, 
clayS, Starches, and Superabsorbents to the nonwoven fabric. 
In one embodiment, hydraulically entangled nonwoven fab 
ric may further include up to about 3 percent of a de-bonding 
agent. 
0016. The hydraulically entangled nonwoven fabric may 
be used as a heavy duty wiper. In one embodiment, the 
nonwoven fabric may be a single-ply or multiple-ply wiper 
having a basis weight from about 20 to about 200 grams per 
Square meter (gsm). For example, the wiper may have a 
basis weight between about 25 to about 150gsm or more 
particularly, from about 30 to about 110 gsm. The wiper 
desirably has a water capacity greater than about 450 
percent, an oil capacity greater than about 250 percent, a 
water wicking rate (machine direction) greater than about 
2.0 cm per 15 Seconds, and oil wicking rate (machine 
direction) greater than about 0.5 cm per 15 Seconds. 
0017. The present invention also encompasses a method 
of making a hydraulically entangled nonwoven fabric that 
includes the steps of: (a) providing a layer of recycled 
Synthetic fibers and fiber-like materials having at least one 
thread element composed of Synthetic material containing at 
least one irregular distortion generated by hydraulic fracture 
of the thread element to separate it from a bonded fibrous 
material while the bonded fibrous material is Suspended in a 
liquid; (b) hydraulically entangling the layers to form a 
nonwoven web; and (c) drying the web. 
0.018. According to the present invention, the step of 
providing the layer of recycled synthetic fiber and fiber-like 
materials may encompass depositing a layer of the recycled 
fibers on a hydraulic entangling fabric by dry forming or 
wet-forming techniques. 
0019. In an embodiment of the invention, the step of 
providing the layer of recycled synthetic fiber and fiber-like 
materials may include depositing a layer composed of 
recycled fibers and pulp fibers on a hydraulic entangling 
fabric by wet-forming techniques. 
0020. The hydraulic entangling may be carried out by 
conventional hydraulic entangling techniques. 
0021. The hydraulically entangled nonwoven composite 
fabric may be dried utilizing a non-compressive drying 
process. Through-air drying processes have been found to 
work particularly well. Other drying processes which incor 
porate infra-red radiation, yankee dryers, Steam cans, 
Vacuum de-watering, microwaves, and ultrasonic energy 
may also be used. 
0022 Definitions 
0023 The term “machine direction” as used herein refers 
to the direction of travel of the forming surface onto which 
fibers are deposited during formation of a nonwoven web. 
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0024. The term “cross-machine direction” as used herein 
refers to the direction which is perpendicular to the machine 
direction defined above. 

0025 The term “pulp” as used herein refers to fibers from 
natural Sources Such as Woody and non-Woody plants. 
Woody plants include, for example, deciduous and conifer 
ouS trees. Non-Woody plants include, for example, cotton, 
flax, esparto grass, milkweed, Straw, jute, hemp, and 
bagasse. 
0026. The term “average fiber length” as used herein 
refers to an average length of fibers, fiber bundles and/or 
fiber-like materials determined by measurement utilizing 
microscopic techniques. A Sample of at least 20 randomly 
Selected fiberS is separated from a liquid Suspension of 
fibers. The fibers are set up on a microscope Slide prepared 
to Suspend the fibers in water. A tinting dye is added to the 
Suspended fibers to color cellulose-containing fiberS So they 
may be distinguished or Separated from Synthetic fibers. The 
slide is placed under a Fisher Stereomaster II Microscope 
S19642/S19643 Series. Measurements of 20 fibers in the 
Sample are made at 20x linear magnification utilizing a 0-20 
mils Scale and an average length, minimum and maximum 
length, and a deviation or coefficient of variation are calcu 
lated. In Some cases, the average fiber length will be 
calculated as a weighted average length of fibers (e.g., fibers, 
fiber bundles, fiber-like materials) determined by equipment 
Such as, for example, a Kajaani fiber analyzer Model No. 
FS-200, available from Kajaani Oy Electronics, Kajaani, 
Finland. According to a Standard test procedure, a Sample is 
treated with a macerating liquid to ensure that no fiber 
bundles or Shives are present. Each Sample is disintegrated 
into hot water and diluted to an approximately 0.001% 
Suspension. Individual test Samples are drawn in approxi 
mately 50 to 100 ml portions from the dilute suspension 
when tested using the Standard Kajaani fiber analysis test 
procedure. The weighted average fiber length may be an 
arithmetic average, a length weighted average or a weight 
weighted average and may be expressed by the following 
equation: 

k 

X. (x : ni) fin 
x=0 

0027) 
0028 x=fiber length 

where k=maximum fiber length 

0029 n=number of fibers having length X, 
0030) n=total number of fibers measured. 

0031 One characteristic of the average fiber length data 
measured by the Kajaani fiber analyzer is that it does not 
discriminate between different types of fibers. Thus, the 
average length represents an average based on lengths of all 
different types, if any, of fibers in the Sample. 
0032. As used herein, the term “spunbonded filaments' 
refers to Small diameter continuous filaments which are 
formed by extruding a molten thermoplastic material as 
filaments from a plurality of fine, usually circular, capillaries 
of a spinnerette with the diameter of the extruded filaments 
then being rapidly reduced as by, for example, eductive or 
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mechanical drawing and/or other well-known Spunbond 
mechanisms. The production of spun-bonded nonwoven 
WebS is illustrated in patents Such as, for example, in U.S. 
Pat. No. 4,340,563 to Appel et al., and U.S. Pat. No. 
3,692,618 to Dorschner et al. The disclosures of these 
patents are hereby incorporated by reference. 

0.033 AS used herein, the term “meltblown fibers” means 
fibers formed by extruding a molten thermoplastic material 
through a plurality of fine, usually circular, die capillaries as 
molten threads or filaments into a high velocity gas (e.g. air) 
Stream which attenuates the filaments of molten thermoplas 
tic material to reduce their diameter, which may be to 
microfiber diameters. Thereafter, the meltblown fibers are 
carried by the high Velocity gas Stream and are deposited on 
a collecting Surface to form a web of randomly disbursed 
meltblown fibers. Such a process is disclosed, for example, 
in U.S. Pat. No. 3,849,241 to Butin, the disclosure of which 
is hereby incorporated by reference. 

0034. As used herein, the term “microfibers” means small 
diameter fiberS having an average diameter not greater than 
about 100 microns; for example, having a diameter of from 
about 0.5 microns to about 50 microns, more particularly, 
microfiberS may have an average diameter of from about 1 
micron to about 40 microns. 

0035. As used herein, the term “thermoplastic material” 
refers to a polymer that Softens when exposed to heat and 
returns to generally its un-Softened State when cooled to 
room temperature. Natural substances which exhibit this 
behavior are crude rubber and a number of waxes. Other 
exemplary thermoplastic materials include, without limita 
tion, polyvinyl chlorides, Some polyesters, polyamides, 
polyfluorocarbons, polyolefins, Some polyurethanes, poly 
Styrenes, polyvinyl alcohols, caprolactams, copolymers of 
ethylene and at least one vinyl monomer (e.g., poly(ethylene 
vinyl acetates), copolymers of ethylene and n-butyl acrylate 
(e.g., ethylene n-butyl acrylates), polylactic acids, thermo 
plastic elastomers and acrylic resins. 
0.036 AS used herein, the term “non-thermoplastic mate 
rial” refers to any material which does not fall within the 
definition of “thermoplastic material’ above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a photomicrograph of a detail of an 
exemplary recycled Synthetic fiber of the type used in the 
formation of an exemplary hydraulically entangled non 
woven web. 

0.038 FIG. 2 is a photomicrograph of a detail of an 
exemplary Virgin Synthetic Staple fiber. 
0039 FIG. 3 is a photomicrograph of a detail of an 
exemplary recycled Synthetic fiber of the type used in the 
formation of an exemplary hydraulically entangled non 
woven web. 

0040 FIG. 4 is a photomicrograph of a detail of an 
exemplary recycled Synthetic fiber of the type used in the 
formation of an exemplary hydraulically entangled non 
woven web. 

0041 FIG. 5 is a photomicrograph of a detail of an 
exemplary recycled Synthetic fiber of the type used in the 
formation of an exemplary hydraulically entangled non 
woven web. 
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0042 FIG. 6 is a photomicrograph of a detail of an 
exemplary recycled Synthetic fiber of the type used in the 
formation of an exemplary hydraulically entangled non 
woven web. 

0043 FIG. 7 is a photomicrograph of a detail of an 
exemplary Virgin Synthetic Staple fiber. 
0044 FIG. 8 is a photomicrograph of a detail of multiple 
exemplary recycled Synthetic fibers of the type used in the 
formation of an exemplary hydraulically entangled non 
woven web. 

004.5 FIG. 9 is a photomicrograph of a detail of an 
exemplary recycled Synthetic fiber of the type that may be 
used in the formation of an exemplary hydraulically 
entangled nonwoven web. 
0046 FIG. 10 is a photomicrograph showing details of 
exemplary recycled Synthetic fibers of the type that may be 
used in the formation of an exemplary hydraulically 
entangled nonwoven web. 
0047 FIG. 11 is a photomicrograph showing details of 
exemplary recycled Synthetic fibers of the type that may be 
used in the formation of an exemplary hydraulically 
entangled nonwoven web. 
0048 FIG. 12 is a photomicrograph showing details of 
exemplary recycled Synthetic fibers of the type that may be 
used in the formation of an exemplary hydraulically 
entangled nonwoven web. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0049. The present invention encompasses a hydraulically 
entangled nonwoven fabric formed of recycled Synthetic 
fibers and fiber-like materials. The synthetic fibers and 
fiber-like materials are recovered from bonded fibrous mate 
rials that are converted into Substantially individual fibers 
and fiber-like materials. Importantly, these bonded fibrous 
materials are materials that include Synthetic fibers and may 
be bonded fibrous materials. Such as, for example, woven 
fabrics, knitted fabrics, nonwoven WebS and combinations 
thereof. As a further example, the recycled fibers may come 
from nonwoven webs that are thermally bonded, adhesively 
bonded, mechanically entangled, Solvent bonded, hydrauli 
cally entangled and/or combinations of Such techniques and 
may contain Synthetic fibrous materials, natural fibrous 
materials and combinations thereof. The synthetic fibrous 
material may include thermoplastic fibers and filaments. 
0050. In order to recover useable recycled synthetic fibers 
for hydraulic entangling, bonded fibrous WebS are cut or 
Shredded into pieces having sizes that are adapted for 
Suspension in a liquid. Next, the pieces are Suspended in 
liquid and mechanical work is applied to the liquid Suspen 
Sion of discrete pieces to generate hydraulic pressure and 
mechanical shear StreSS conditions Sufficient to hydraulically 
fragment the bonded fibrous materials into fibers and fiber 
like components. Finally the Substantially individual fibers 
and fiber-like components are Separated from the liquid. 
0051. The bonded fibrous materials may be converted 
into discrete pieces by a conventional operation Such as, for 
example, mechanical Shredding, mechanical cutting, 
mechanical tearing, mechanical grinding, pulverizing, Water 
jet cutting, laser cutting, garnetting and combinations 
thereof. 
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0.052 Importantly, a liquid suspension of these pieces is 
exposed to conditions of hydraulic pressure, shear StreSS, 
and/or cavitational forces Sufficient to fragment, rupture, 
rupture, burst or disintegrate pieces of bonded fibrous mate 
rials into useful free fibers and fiber bundles or fiber-like 
materials. These proceSS conditions used to convert the 
Shredded material to recycled fibers are more aggressive and 
Stringent than those found in conventional pulping opera 
tions. 

0.053 As an example, normal pulping operations typi 
cally use less than about 3 horsepower-day (24 hours) per 
dry ton of material. Embodiments of the present invention 
may utilize much larger inputs of energy. According to the 
invention, the approximate amount of mechanical work 
applied to the liquid Suspension may be greater than about 
3 Horsepower-day (24 hours) per dry ton of bonded fibrous 
material-as determined by measuring the electric current 
drawn by the motor providing movement to the components 
generating hydraulic pressure and shear StreSS conditions. 
This number may be greater than 4 Horsepower-day per 
ton and may be even greater than 6 or more. For example, 
the method of the invention may be practiced utilizing 35% 
more energy; 50% percent more energy, or even more to 
separate useful free fibers and fiber bundles from the bonded 
fibrous material. It is contemplated that, in Some situations 
or under Some conditions, the approximate amount of 
mechanical work may be less than 3 Horsepower-day per 
dry ton of bonded fibrous material. 
0.054 Although the inventors should not be held to a 
particular theory of operation, it is believed that the com 
bination of hydraulic pressure, shear StreSS, and cavitational 
forces breaks up the material into free fibers and fiber 
bundles. It is also thought that the content of free fibers and 
the average Size of the bundles can be controlled by varying 
the preSSure and mechanical StreSS. It is generally thought 
that this high level of mechanical action or work is possible 
without causing Significant degradation of the Synthetic 
components of the bonded fibrous materials (e.g., without 
melting Synthetic thermoplastic material) because the water/ 
liquid in the proceSS absorbs the heat generated as free fibers 
and fiber-like materials are separated from the bonded 
fibrous material. 

0.055 Generally speaking, conventional beating and/or 
refining equipment is used to modify cellulose fibers to 
develop papermaking properties of hydration and fibrilla 
tion. According to the present invention, conventional beat 
erS and/or refiners may be configured or operated in an 
unconventional manner to provide the hydraulic pressure 
and shear StreSS conditions Sufficient to fragment and frac 
ture the bonded fibrous material into free fibers, fiber 
bundles and fiber-like materials. Exemplary beater devices 
are available from manufacturers such as Beloit Jones, E. D. 
Jones, Valley, and Noble & Wood. 
0056. A liquid suspension of bonded fibrous material 
pieces is introduced into the beater device. Alternatively 
and/or additionally, bonded fibrous material pieces may be 
introduced directly into liquid in the beater Vat. Various 
proportions of bonded fibrous materials and water may be 
used and one skilled in the art may determine appropriate 
proportions. 

0057 During operation, a cylinder or beater roll is rotated 
at Sufficient speed So that Sufficient hydraulic pressure and 
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Shear StreSS are produced between the blades or Vanes on the 
roll and Separate blades mounted on a fixed plate beneath the 
roll. 

0058 Rotation speed, consistency of the suspension in 
the vat and clearance between the rotating blades or Vanes 
and the fixed blades is also adjusted to conditions that 
enhance “metal to fiber' interaction that cuts or controls the 
length of free fibers, fiber bundles and fiber-like particles. 
The term “metal to fiber' interaction is used to describe the 
contact between the bonded fibrous material and the fixed 
and/or rotating blades that may occur under conditions of 
hydraulic pressure and mechanical Shear StreSS Sufficient to 
Sever, cut or break long fibers. According to the invention, 
this interaction should be controlled to cut long fibers 
without materially affecting or lowering the length and/or 
freeneSS of pulp or Short fibers that may be present in the 
Suspension. 
0059 While equipment may be operated to provide 
fibers, fiber bundles and fiber-like materials having a wide 
range of lengths, it may also be used to generate fiber and 
fiber-like material having an average length distribution that 
spans approximately 7 millimeters or leSS. Generally Speak 
ing, a more uniform fiber distribution tends to enhance 
processing and hydraulic entangling. However, it is contem 
plated that a mix of longer fibers and shorter fibers may be 
desirable. The longer fibers may have advantages in provid 
ing Strength and shorter fiberS may have advantages in 
providing other useful characteristics Such as, for example, 
absorbency, hand, drape and/or bulk. 
0060. In addition to controlling length, some “metal to 
fiber' interaction may generate deformations and distortions 
of synthetic components of the bonded fibrous material. 
While Some deformations and distortions may be generated 
by hydraulic fragmentation of the bonded fibrous material 
others may be generated by tearing, slicing and breaking of 
fiber and/or filaments. These fiber deformations and irregu 
larities are thought to help wet forming (or dry forming) of 
a web as well as Subsequent hydraulic entangling. These 
characteristics of the recycled fibers and fiber-like materials 
enhance their utility in hydraulic entangling processes and 
make it practical to produce hydraulically entangled fabric 
that may exhibit the same or Similar physical properties as 
one produced from 100 percent Virgin fibers and potentially 
exceed those properties. 
0061. A discussion of the recycled synthetic fibers is 
useful to understanding the hydraulically entangled fabrics 
constructed from these fibers. Referring now to FIGS. 1, 3-6, 
and 8-12, there are shown various exemplary recycled 
synthetic fibers, fiber bundles and/or fiber-like materials 
having at least one thread element composed of Synthetic 
material having at least one irregular distortion generated by 
hydraulic fracture of the thread element to Separate it from 
a bonded fibrous material while the bonded fibrous material 
is Suspended in a liquid. 

0062) The thread element is discontinuous and, as an 
example, may have a length ranging from about 1 millimeter 
to about 15 millimeters. For example, the thread element 
may have a length ranging from about 1.5 to about 10 
millimeters. AS another example, the thread element may 
have a length ranging from about 2 to about 5 millimeters. 
The thread element may have a diameter of less than 100 
micrometers. For example, the thread element may have a 



US 2003/0171056A1 

diameter of less than 30 micrometers. Generally Speaking, 
these dimensions are similar to certain varieties of commer 
cially available pulps and may be readily blended with 
commercial pulps. In Some embodiments, the thread ele 
ments may have a diameter of less than 10 microns and may 
even be less than 1 micron. 

0.063. The irregular distortions may be in the form of 
bends in the thread element, flattened Segments of thread 
element, expanded Segments of thread element and combi 
nations thereof. 

0.064 Generally speaking, the irregular distortions cause 
the thread elements of the recycled materials to have greater 
Surface area than thread elements in the bonded fibrous 
material prior to hydraulic fracture of the thread element to 
Separate it from the bonded fibrous material. For example, 
the Surface areas of the recycled thread elements may be at 
least about 5 percent greater. The increased Surface area will 
often be the result of remaining fiber bond areas, croSS over 
points, flat areas, fiber distortions and the like. 
0065 FIG. 1 is a photomicrograph (approximately 500x 
linear magnification) showing a detail of an exemplary 
recycled synthetic fiber. The recycled fiber was recovered 
from a composite Structure containing a thermally point 
bonded continuous polypropylene filament web and pulp 
fibers hydraulically entangled with the continuous filament 
web. The fiber visible in the center of the photomicrograph 
is a spunbonded polypropylene thread element having bends 
in the filaments and a relatively flattened Segment. At least 
a portion of these distortions, e.g. flattened Sections, are 
generated or exposed by hydraulic fracture of the thread 
element from the bonded continuous polypropylene fiber 
web along with the cellulose pulp (i.e., the composite 
Structure). The material Surrounding the thread element is 
cellulose pulp. 
0.066 FIG. 2 is a photomicrograph (approximately 500x 
linear magnification) showing conventional polypropylene 
Staple fibers appearing in a conventional bonded carded web 
structure. In contrast to the thread elements of FIG. 1, these 
fibers appear relatively free of irregular distortions. The 
fibers have relatively smooth surfaces, even or uniform 
diameters, and lack the twists, bends, kinks and other 
irregular distortions that are evident in the thread element 
shown in FIG. 1. 

0067 FIG. 3 is a photomicrograph (approximately 120x 
linear magnification) showing a detail of an exemplary 
recycled Synthetic fiber recovered from the same type of 
composite structure as the thread element shown in FIG. 1. 
The fiber visible across the central region of the photomi 
crograph is a polypropylene thread element that exhibits a 
loop and bends as well as relatively flattened Segments. At 
least a portion of these distortions are generated or exposed 
by hydraulic fracture of the thread element from the bonded 
fibrous material (i.e., the composite structure). The material 
Surrounding the thread element is cellulose pulp. 
0068 FIG. 4 is a photomicrograph (approximately 120x 
linear magnification) showing a detail of an exemplary 
recycled Synthetic fiber recovered from the same type of 
composite structure as the thread element shown in FIG. 1. 
The fiber visible in the center of the photomicrograph is a 
polypropylene thread element. The arrow in the photomi 
crograph points to a Sharp bend in the thread element. 
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0069 FIG. 5 is a photomicrograph (approximately 500x 
linear magnification) showing a detail of an exemplary 
recycled Synthetic fiber recovered from the same type of 
composite structure as the thread element shown in FIG. 1. 
The fiber visible in the center of the photomicrograph is a 
polypropylene thread element that exhibits bends and/or 
twists as well as a roughened Segment. 
0070 FIG. 6 is a photomicrograph (approximately 500x 
linear magnification) showing a detail of an exemplary 
recycled Synthetic fiber recovered from the same type of 
composite structure as the thread element shown in FIG. 1. 
The fiber visible across the center of the photomicrograph is 
a polypropylene thread element showing a cut end of the 
fiber that is flattened and expanded. 
0071 FIG. 7 is a photomicrograph (approximately 500x 
linear magnification) showing a detail of a conventional 
polypropylene Staple fiber. In contrast to the thread element 
of FIG. 6, the fiber appears relatively free of irregular 
distortions and has an end that appears to be cut cleanly 
without evidence of expansion or other distortion. 
0072 FIG. 8 is a photomicrograph (approximately 250x 
linear magnification) showing a detail of two exemplary 
recycled Synthetic fiberS recovered from the same type of 
composite structure as the thread element shown in FIG. 1. 
The fibers visible across the center and near the lower 
portion of the photomicrograph are polypropylene thread 
elements that exhibit bends as well as roughened Segments. 
0.073 FIG. 9 is a photomicrograph (approximately 500x 
linear magnification) showing a detail of exemplary recycled 
synthetic fibers. The recycled fibers were recovered from 
Kimtex(R) brand wiper containing thermally point-bonded 
web of polypropylene meltblown fibers. The relatively fine 
meltblown fibers visible in the center of the photomicro 
graph are polypropylene thread elements having bends, 
twists, tangles and relatively flattened Segments. At least a 
portion of these distortions are generated or exposed by 
hydraulic fracture of the thread elements from the bonded 
fibrous material (i.e., the Kimtex(R) wiper). The material 
Surrounding the thread elements is cellulose pulp. 
0074 FIG. 10 is a photomicrograph (approximately 
100x linear magnification) showing a detail of exemplary 
recycled Synthetic fiberS recovered from the same type of 
material as the thread elements shown in FIG. 9. A bond 
point approximately 500 micrometers in length is visible in 
the center of the photomicrograph. FiberS radiate outward 
from the edges of the bond point in the form of polypropy 
lene thread elements having bends, twists, tangles and 
relatively flattened Segments. At least a portion of these 
distortions are generated or exposed by hydraulic fracture of 
the thread elements from the bonded fibrous material. Some 
of the material in the background of the thread elements is 
cellulose pulp. 
0075 FIG. 11 is a photomicrograph (approximately 500x 
linear magnification) showing a detail of exemplary recycled 
Synthetic fiberS recovered from the Same type of material as 
the thread elements shown in FIG. 10. A larger fiber-like 
material or fiber bundle is approximately 40 micrometers in 
width is visible in the center of the photomicrograph. Fibers 
surround and radiate outward from the edges of the fiber-like 
material or fiber bundle in the form of polypropylene thread 
elements having bends, twists, tangles and relatively flat 
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tened Segments. At least a portion of these distortions are 
generated or exposed by hydraulic fracture of the thread 
elements from the bonded fibrous material. The larger 
fibrous materials near the thread elements are cellulose pulp 
fibers. 

0.076 FIG. 12 is a photomicrograph (approximately 
500x linear magnification) showing a detail of exemplary 
recycled Synthetic fiberS recovered from the same type of 
material as the thread elements shown in FIG. 10. A mix of 
cellulose pulp and recycled fibers in the form of polypro 
pylene thread elements having bends, twists, tangles and 
relatively flattened Segments is shown. 
0077. The hydraulically entangled web of recycled fibers 
and fiber-like materials may be made by conventional 
hydraulic entangling techniques. For example, a dilute SuS 
pension of recycled fibers and fiber-like materials may be 
Supplied by a head-box and deposited via a Sluice in a 
uniform dispersion onto a forming fabric of a conventional 
papermaking machine. 
0078. The Suspension of fibers may be diluted to any 
consistency which is typically used in conventional paper 
making processes. For example, the Suspension may contain 
from about 0.01 to about 1.5 percent by weight fibers 
Suspended in water. Water is removed from the Suspension 
of fibers to form a uniform layer. The recycled fibers may 
also include added pulp fiber and/or other types of fibers, 
particulates or other materials. It is contemplated that the 
recycled fibers and these various fibers and/or other material 
may be formed into a stratified or heterogeneous sheet or 
layer. Alternatively and/or additionally, these components 
may be blended or mixed to form a homogenous layer. 
0079 Small amounts of wet-strength resins and/or resin 
binders may be added to improve Strength and abrasion 
resistance if there is a cellulose component in the fibers. 
Useful binders and wet-strength resins include, for example, 
Kymene 557 H available from the Hercules Chemical Com 
pany and Parez 631 available from American Cyanamid, 
Inc. In Some cases, it may be possible to add croSS-linking 
agents and/or hydrating agents to the fibers. It is also 
possible to add debonding agents. One exemplary debond 
ing agent is available from the Quaker Chemical Company, 
Conshohocken, Pa., under the trade designation Quaker 
2008. 

0080. The fiber layer is then laid upon a foraminous 
entangling Surface of a conventional hydraulic entangling 
machine. The layer of recycled fibers and fiber-like materials 
(and any added pulps, fibers and/or other materials) pass 
under one or more hydraulic entangling manifolds and are 
treated with jets of fluid to entangle the recycled fibers and 
fiber-like materials with one another. 

0081. It is contemplated that hydraulic entangling may 
take place while the fiber layer is on the same foraminous 
Screen (i.e., mesh fabric) on which the wet-laying took 
place. 
0082 The hydraulic entangling may be accomplished 
utilizing conventional hydraulic entangling equipment Such 
as may be found in, for example, in U.S. Pat. No. 3,485,706 
to Evans, the disclosure of which is hereby incorporated by 
reference. The hydraulic entangling of the present invention 
may be carried out with any appropriate working fluid Such 
as, for example, water. The working fluid flows through a 
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manifold which evenly distributes the fluid to a series of 
individual holes or orifices. These holes or orifices may be 
from about 0.003 to about 0.015 inch in diameter. For 
example, the invention may be practiced utilizing a manifold 
produced by Honeycomb Systems Incorporated of Bidde 
ford, Me., containing a strip having 0.007 inch diameter 
orifices, 30 holes per inch, and 1 row of holes. Many other 
manifold configurations and combinations may be used. For 
example, a Single manifold may be used or Several mani 
folds may be arranged in Succession. 
0083. In the hydraulic entangling process, the working 
fluid passes through the orifices at a preSSures ranging from 
about 200 to about 2000 pounds per Square inch gauge 
(psig). At about 2000 psig, it is contemplated that the 
composite fabrics may be processed at speeds of about 1000 
feet per minute (fpm). The fluid impacts the fiber layer 
which is Supported by a foraminous Surface which may be, 
for example, a Single plane mesh having a mesh size of from 
about 40x40 to about 100x100. The foraminous surface may 
also be a multi-ply mesh having a mesh Size from about 
50x50 to about 200x200. As is typical in many water jet 
treatment processes, vacuum Slots may be located directly 
beneath the hydro-needling manifolds or beneath the forami 
nous entangling Surface downstream of the entangling mani 
fold so that excess water is withdrawn from the hydrauli 
cally entangled material. 
0084. Although the inventors should not be held to a 
particular theory of operation, it is believed that the colum 
nar jets of working fluid which directly impact the relatively 
distorted, twisted and high surface area recycled fibers 
laying on the entangling Surface work to entangle and 
intertwine those fibers with each other (and with other fibers 
that may be present Such as, for example, pulp fibers). 
0085 Generally speaking, it is thought that the various 
irregularities of the central thread element and any branch 
ing thread elements, fibrils or the like help the recycled 
fibers form a coherent entangled matrix. When recycled 
fibers are mixed with pulp fibers, this matrix is thought to 
help Secure the pulp fibers. 
0086. After the fluid jet treatment, the hydraulically 
entangled fabric may be transferred to a non-compressive 
drying operation. A differential Speed pickup roll may be 
used to transfer the material from the hydraulic needling belt 
to a non-compressive drying operation. Alternatively, con 
ventional vacuum-type pickups and transfer fabrics may be 
used. If desired, the entangled fabric may be wet-creped 
before being transferred to the drying operation. Non-com 
pressive drying of the fabric may be accomplished utilizing 
a conventional rotary drum through-air drying apparatus. 
The temperature of the air forced through the hydraulically 
entangled fabric by the through-dryer may range from about 
200 to about 500 F. Other useful through-drying methods 
and apparatus may be found in, for example, U.S. Pat. NoS. 
2,666,369 and 3,821,068, the contents of which are incor 
porated herein by reference. 
0087 Although through-air drying processes have been 
found to work particularly well, other drying processes 
which incorporate infra-red radiation, yankee dryers, Steam 
cans, vacuum de-watering, microwaves, and ultrasonic 
energy may also be used. 
0088. It may be desirable to use finishing steps and/or 
post treatment processes to impart Selected properties to the 
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composite fabric. For example, the fabric may be lightly 
pressed by calender rolls, creped or brushed to provide a 
uniform exterior appearance and/or certain tactile properties. 
Alternatively and/or additionally, chemical post-treatments 
Such as, adhesives or dyes may be added to the fabric. 
0089. In one aspect of the invention, the fabric may 
contain various materials. Such as, for example, activated 
charcoal, clays, Starches, and Superabsorbent materials. For 
example, these materials may be added to the Suspension of 
recycled fibers used to form the fiber layer. These materials 
may also be deposited on the fiber layer prior to the fluid jet 
treatments So that they become incorporated into the hydrau 
lically entangled fabric by the action of the fluid jets. 
Alternatively and/or additionally, these materials may be 
added to the hydraulically entangled fabric after the fluid jet 
treatmentS. 

0090 Test Methods 
0.091 Trapezoidal tear strengths of samples were mea 
Sured in accordance with ASTM Standard Test D 1117-14 
except that the tearing load is calculated as an average of the 
first and the highest peak loads rather than an average of the 
lowest and highest peak loads. 
0092 Water and oil absorption capacities of samples 
were measured in accordance with Federal Specification No. 
UU-T-595C on industrial and institutional towels and wip 
ing papers. The absorptive capacity refers to the capacity of 
a material to absorb liquid over a period of time and is 
related to the total amount of liquid held by a material at its 
point of Saturation. Absorptive capacity is determined by 
measuring the increase in the weight of a material Sample 
resulting from the absorption of a liquid. Absorptive capac 
ity may be expressed, in percent, as the weight of liquid 
absorbed divided by the weight of the sample by the 
following equation: 

Total Absorptive Capacity= (saturated sample weight 
sample weight)/sample weightx100. 

0093. The basis weights of samples were determined 
essentially in accordance with ASTM D-3776-9 with the 
following changes: 1) Sample size was at least 20 Square 
inches (130 cm'); and 2) a minimum of three random 
Specimens were tested for each Sample. 

0094. The drape stiffness of samples was measured in 
accordance with ASTM D1388 except that the sample size 
is 1 inch by 8 inches. 
0.095 Bulk (i.e., thickness) of a sample was measured 
essentially in accordance with TAPPI 402 om-93 and T411 
om-89 utilizing a Emveco 200-A Tissue Caliper Tester. The 
tester was equipped with a 56.42 mm diameter foot having 
an area of 2500 mm . A stack of 10 samples was tested at a 
load of 2.00 kPa and a dwell time of 3 seconds. 

0.096 Abrasion resistance testing was conducted utilizing 
a Taber Abraser, Model No. 5130 (rotary head, double head 
abrader) with Model No. E 140-15 specimen holder avail 
able from Teledyne Taber of North Tonawanda, N.Y., gen 
erally in accordance with Method 5306 Federal Test Meth 
ods Standard No. 191A and ASTM Standard: D 3884 
Abrasion Resistance of Textile Fabrics. Sample size mea 
sured about 5 inches by 5 inches. Samples were subjected to 
abrasion cycles under a head weight of about 250 grams. 
Each abradant head was loaded with a non-resilient, Vitri 
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fied, Calibrade grinding wheel No. H-18, medium grain/ 
medium bond. Abradant heads were vacuumed after each 
Specimen and resurfaced after each Sample (generally about 
4 specimens). Resurfacing of abradant heads was carried out 
with a diamond wheel resurfacer. The abrasion test mea 
sured the number of cycles needed to form a % inch hole 
through the Sample. 

EXAMPLE 

0097. This example relates to recycling a bonded and 
entangled composite material containing natural fibers and 
Synthetic filaments, introducing the material into the furnish 
Stream of a wet forming process, depositing the material 
onto a nonwoven continuous filament Substrate and then 
hydraulically entangling the materials together. 
0098. A composite hydraulically entangled material con 
taining Virgin wood pulp and a continuous web of bonded 
Synthetic polypropylene filaments (approximately 20 per 
cent, by weight) (i.e., a spunbond continuous filament 
web)-available from the Kimberly-Clark Corporation, 
Roswell, Ga. under the trademarks WYPALL(R) WORK 
HORSE(R) manufactured rags and HYDROKNITE) fast 
absorbing materials—was Shredded into pieces ranging 
from about 10-350 mm in length and 3-70 mm in width. The 
composite contained approximately 80% by weight pulp and 
about 20 percent, by weight, polypropylene filaments. The 
material was Shredded utilizing a shredder available from 
the East Chicago Machine Tool Company. The pieces were 
transferred to a conventional Hollander-type industrial 
beater manufactured by E. D. Jones & Sons, Pittsfield, Mass. 
The beater was a “Number 3 Jones Beating Unit' equipped 
with a 45 degree diagonal bed plate. The beater had a 
rotating roll with blades or Vanes generally aligned on the 
roll. The blades or vanes were approximately 4 inch (-6 
mm) wide, approximately /2 inch (~12 to 13 mm) high. 
These were spaced approximately '72 inch (~12 to 13 mm) 
apart on the exterior of the roll perpendicular to the direction 
or plane of rotation. A fixed plate was mounted just below 
the rotating roll and was equipped with blades or "knives' 
that were approximately /s inch (-3 mm) wide, 4 inch (-6 
mm) high, Spaced approximately ys inches (~9 to 10 mm) 
apart. These were aligned at an angle of 45 degrees to the 
direction or plane of rotation. 
0099] The rotating roll had a diameter of 72 inches, a 
width of 72 inches, 192 blades each having a length of 72 
inches and Spaced one-half inch apart. The roll weighed 
approximately 16 tons. Generally speaking, the Speed of 
rotation is constant and the variable that is modified is the 
pressure or load on the roll. The roll was mounted such that 
a gauge pressure reading of 0 psi corresponded to very little 
or no portion of the weight of the roll (~0 tons) counteracting 
the force generated by fibers and pieces of bonded fibrous 
material as they Squeezed as they passed through the gap 
existing between the blades at the bottom of the rotating roll 
and the fixed blades mounted underneath the roll. A gauge 
preSSure reading of 50 psi corresponded to approximately 
one-half of the weight of the roll (~8 tons) counteracting the 
preSSure generated fibers and pieces of bonded fibrous 
material as they Squeezed through the gap existing between 
the blades at the bottom of the rotating roll and the fixed 
blades mounted underneath the roll. A gauge pressure read 
ing of 100 psi corresponded to approximately the full weight 
of the roll (~16 tons) counteracting the pressure generated by 
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fibers and pieces of bonded fibrous material as they 
Squeezed through the gap existing between the blades at the 
bottom of the rotating roll and the fixed blades mounted 
underneath the roll. 

0100 Water was added to the shredded material and 
hydraulic pressure and Shear StreSS was applied to the 
material in the Hollander-type beater in two stages. Hydrau 
lic preSSure and shear StreSS was controlled by adjusting the 
load on the roll as it rotated. In this particular arrangement, 
hydraulic pressure and Shear StreSS is generated by a "paddle 
wheel' type pumping action produced when the beater roll 
rotates and its attached blades or Vanes force liquid and wet 
material against a fixed plate with blades mounted diago 
nally to the direction or plane of rotation. Generally Speak 
ing, a greater load applied to the rotating roll produces leSS 
clearance between the rotating roll and the fixed plate. This 
corresponds to greater levels of hydraulic pressure and Shear 
StreSS. 

0101 During the first stage, the pressure or load against 
the rotating roll was 0 pounds per Square inch gauge (psig) 
for 10 minutes. ESSentially, no load was applied and the 
"paddle wheel' action of the rotating roll Squeezed the 
pieces in the Suspension through a gap of about 1 cm or more 
between blades of the rotating roll and blades mounted on 
the fixed plate. Generally speaking, the first stage was used 
to wet the Shredded material and Separate the natural fibers 
from the synthetic fibers. The consistency was adjusted to be 
about 3.3 percent (the percentage by weight of air or oven 
dry fibrous material in the Suspension). 
0102 During the second stage, conditions were adjusted 
to establish Small Zones of very high hydraulic pressure, 
Shear StreSS, and possibly cavitation forces between the 
moving blades on the rotating roll and fixed blades near or 
at their closest point of contact. These Small Zones are 
thought to generate a micro-bursting action on the Shredded 
bonded fibrous material to hydraulically fragment and/or 
blow apart and reduce the resulting Synthetic fiber length. In 
addition, the hydraulic fragmentation and “metal to fiber” or 
"metal to bonded fibrous material” contact controls the 
length of the longer Synthetic filaments. In this example, the 
Specific objective was to control the length of the Synthetic 
fiberS So the length is maximized while Still producing a 
sheet with uniform appearance and physical properties and 
without materially lowering the length or freeneSS of pulp 
fibers that may be present in the Suspension. 
0103). In the Second stage, pressure on the gauge for the 
rotating roll was increased to 50 psig and the clearance 
between the blades of the rotating roll and the fixed plates 
decreased to between 1 and 10 mm and approximately 
one-half of the weight of the 16 ton roll (~8 tons) was 
available to counteract the pressure generated by fibrous 
pieces as they were Squeezed through the gap between the 
roll and the fixed plate. These conditions were maintained 
for 50 minutes. 

0104. After treatment, samples of the free fibers, fiber 
bundles and fiber-like materials were examined microscopi 
cally. Natural or pulp fibers were separated and measured 
Separately from the Synthetic fibers. In this example, average 
fiber length was determined as previously described by 
manually Separating a random Sample of 20 Synthetic fibers 
and 20 pulp fibers, measuring the length of individual fibers 
utilizing a microscope, and then calculating an average 
length. The resulting recycled fibers and fiber-like materials 
had the following characteristics: 

0105 The average length of the synthetic fiber was 
approximately the same length as the wood pulp 
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fibers. Average length of the Synthetic fibers was 
4.21 mm. The length of individual fibers in the 
sample ranged from 2.54 to 7.11 mm. It should be 
noted that, prior to processing, the Synthetic fibers 
initially were Substantially continuous polypropy 
lene filaments having indeterminate lengths or 
lengths at least far exceeding 7.11 mm. The average 
fiber length for the pulp component was 2.7 mm. The 
length of individual pulp fibers in the Sample ranged 
from 1.52 to 3.94 mm. 

0106 The wood pulp fiber freeness shows a slight 
reduction (about 10%) indicating that some addi 
tional Surface area was developed on the wood pulp 
fiber component of the composite. However the fiber 
length was not affected. 

0107 Substantial numbers of synthetic fibers have 
increased Surface area as a result of the remaining 
individual fiber bond areas, croSS overs, and flat 
CS. 

0108. The treated recycled fiber stream (containing wood 
pulp fibers and synthetic fibers) were introduced into the 
furnish Stream of a wet forming process. The recycled fibers 
were blended inline with Virgin radiata pine pulp fibers (Laja 
10 available from CMPC Cellulosa of Chile) at a level of 
20% by dry weight. 

0109) This blend of fibers was formed into a wet sheet 
having a basis weight of 50 grams per Square meter (gsm) 
utilizing a forming wire available from Albany International 
under the designation 84M. The wet sheet was then laid on 
top of a layer of continuous filament polypropylene spun 
bond having a basis weight of approximately 24 gSm. The 
two layers were Supported on an hydroentangling wire 
available from Albany International under the designation 
90 BH. The layers were entangled utilizing five manifolds. 
Each manifold was equipped with a jet Strip having one row 
of 0.005 inch holes at a density of 40 holes per inch. The 
water pressure was 1100 pounds per Square inch gauge and 
the total time the web was exposed to pressure was 213 
microSeconds. 

0110. The resulting composite sheet was then dried to a 
final product. The resulting product was compared to a 
control hydroentangled material made with the same wood 
pulp and Spunbond in the same ratioS and under the same 
conditions but without the recycled fibers. These results are 
shown in Table 1 below: 

TABLE 1. 

Product Without Product With 
Recycled 20% Recycled 

PROPERTIES Material Material 

Basis Wt 65.7gsm 66.0 gsm 
Thickness 12.88 mills 12.64 mills 
CD Trap Tear 1068 grams 1070 grams 
MD Trap Tear 1805 grams 1868 grams 
CD Drape 3.75 cm 4.21 cm 
MD Drape 6.11 cm. 6.09 cm 
Pulp Side Abrasion 13.2 cycles 12.7 cycles 
Water Capacity 18.4 grams 19.77 grams 

0111. A second run was carried out utilizing the same 
materials and conditions except that pressure used to 
hydraulically entangle the Sample containing the 20% 
recycled material was increased to 1200 psig. The material 
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was dried in the same manner as before. The resulting 
properties are shown below in Table 2: 

TABLE 2 

Product 
Without Product With 
Recycled 20% Recycled 

PROPERTIES Material Material 

Basis Wt 65.7gsm 63.5.0 gsm 
Thickness 12.88 mills 12.7 mills 
CD Trap Tear 1068 grams 1179 grams 
MD Trap Tear 1805 grams 2147 grams 
CD Drape 3.75 cm 4.31 cm 
MD Drape 6.11 cm. 6.16 cm 
Pulp Side 13.2 cycles 17.3 cycles 
Abrasion 
Water 18.4 grams 19.10 grams 
Capacity 

0112. It is evident from Table 2 that higher entangling 
pressures may be used with the recycled fibers. While these 
Samples were entangled utilizing a carrier fabric or Substrate 
(i.e., the spunbond webs), it is believed the Examples 
demonstrate that recycled fibers may be entangled without 
Such a carrier fabric or Substrate and directly on a hydroen 
tangling Wire. 

0113. The recycled fibers that have been hydraulically 
fragmented provide advantages because they are generally 
uniform and can be readily hydraulically entangled into a 
tough, coherent fabric without the flocks and non-uniformi 
ties of previous recycled materials formed from bonded 
fibrous webs. The relatively distorted, twisted and irregular 
nature of the recycled materials used in the present invention 
is thought to result in greater efficiency because less material 
is washed out by the high pressure jets. This is believed to 
be due, at least in part, to the higher Surface area and fiber 
morphology causing leSS fiber loSS. The Structure of the 
recycled fibers and fiber-like materials offer additional 
advantages because they are readily adapted to wet-forming 
processes and have good retention in the forming Section. 
Furthermore, the relative ease with which these recycled 
fibers can be processed by wet-forming techniques provides 
a Suitably uniform Starting material for hydraulic entangling. 

0114. A highly uniform fabric offers advantages. A fabric 
that is highly uniform in appearance tends to be aesthetically 
pleasing. LeSS pulp material and/or lighter basis weight 
Substrates may be used without Sacrificing the materials 
ability to mask or cover. In Some cases, certain tensile 
properties and other physical characteristics may be leSS 
likely to have Strong variations or localized spots of non 
uniformity. 

0115 While the present invention has been described in 
connection with certain preferred embodiments, it is to be 
understood that the Subject matter encompassed by way of 
the present invention is not to be limited to those specific 
embodiments. On the contrary, it is intended for the subject 
matter of the invention to include all alternatives, modifi 
cations and equivalents as can be included within the Spirit 
and Scope of the following claims. 
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What is claimed is: 
1. A hydraulically entangled nonwoven fabric comprising: 
recycled Synthetic fibers and fiber-like materials compris 

ing at least one thread element composed of Synthetic 
material having at least one irregular distortion gener 
ated by hydraulic fracture of the thread element to 
separate it from a bonded fibrous material while the 
bonded fibrous material is Suspended in a liquid. 

2. The hydraulically entangled nonwoven fabric of claim 
1, wherein the thread element has a length ranging from 
about 1 millimeter to about 15 millimeters. 

3. The hydraulically entangled nonwoven fabric of claim 
2, wherein the thread element has a length ranging from 
about 1.5 to about 10 millimeters. 

4. The hydraulically entangled nonwoven fabric of claim 
3, wherein the thread element has a length ranging from 
about 2 to about 5 millimeters. 

5. The hydraulically entangled nonwoven fabric of claim 
1, wherein the irregular distortions are in the form of bends 
in the thread element, flattened Segments of thread element, 
expanded Segments of thread element and combinations 
thereof. 

6. The hydraulically entangled nonwoven fabric of claim 
1, wherein the thread elements of the recycled materials 
have Surface areas that are greater than comparable thread 
elements in the bonded fibrous material prior to hydraulic 
fracture of the thread element to separate it from the bonded 
fibrous material. 

7. The hydraulically entangled nonwoven fabric of claim 
6, wherein the surface areas of the recycled thread elements 
are at least about 5 percent greater than comparable thread 
elements in the bonded fibrous material prior to hydraulic 
fracture of the thread element to separate it from the bonded 
fibrous material. 

8. The hydraulically entangled nonwoven fabric of claim 
1, wherein the Synthetic material is a Synthetic thermoplastic 
material. 

9. The hydraulically entangled nonwoven fabric of claim 
1, further comprising pulp fibers. 

10. The hydraulically entangled nonwoven fabric of claim 
9 comprising from about 1 to about 85 percent, by weight of 
recycled synthetic fibers and fiber-like materials and from 
about 15 to about 99 percent, by weight of pulp. 

11. The hydraulically entangled nonwoven fabric of claim 
1 having a basis weight of from about 20 to about 200 grams 
per Square meter. 

12. The hydraulically entangled nonwoven fabric of claim 
1, wherein the recycled synthetic fibers and fiber-like mate 
rials are Selected from polyesters, polyamides, polyolefins 
and combinations thereof. 

13. The hydraulically entangled nonwoven fabric of claim 
1, wherein the pulp fibers are Selected from the group 
consisting of Virgin hardwood pulp fibers, Virgin Softwood 
pulp fiber, Secondary fibers, and mixtures of the Same. 

14. The hydraulically entangled nonwoven fabric of claim 
1, further comprising clays, Starches, particulates, and Super 
absorbent particulates. 

15. The hydraulically entangled nonwoven fabric of claim 
1, further comprising up to about 3 percent of a de-bonding 
agent. 

16. A wiper comprising one or more layers of the hydrau 
lically entangled nonwoven fabric of claim 1, Said wiper 
having a basis weight from about 20gsm to about 200gsm. 
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17. The wiper according to claim 16 having a basis weight 
from about 40 to about 150gsm. 

18. A method of making a hydraulically entangled non 
woven fabric, the method comprising: 

providing a layer of recycled Synthetic fibers and fiber 
like materials comprising at least one thread element 
composed of Synthetic material having at least one 
irregular distortion generated by hydraulic fracture of 
the thread element to separate it from a bonded fibrous 
material while the bonded fibrous material is suspended 
in a liquid; 

hydraulically entangling the layer to form a nonwoven 
web; and 

drying the web. 
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19. The method of claim 18 wherein the step of providing 
the layer of recycled synthetic fiber and fiber-like materials 
comprises depositing a layer of the recycled fibers on a 
hydraulic entangling fabric by dry forming or wet-forming 
techniques. 

20. The method of claim 18 wherein the step of providing 
the layer of recycled synthetic fiber and fiber-like materials 
comprises depositing a layer composed of recycled fibers 
and pulp fibers on a hydraulic entangling fabric by wet 
forming techniques. 


