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ABSTRACT OF THE DISCLOSURE 
A wide variety of textile-like nonwoven fabrics is pro 

duced by traversing fibrous material with high energy 
liquid streams while supported on an apertured member, 
such as a perforated plate or woven wire screen, to con: 
solidate the material in a repeating pattern of entangled 
fiber regions and interconnecting fibers. Fibers are ran 
domly entangled in a manner which holds the fibers of 
the fabric in place without the need for bonding agents. 
Processes and apparatus are illustrated for preparing a 
loose layer of fibers and treating the layer with liquid 
jetted at a pressure of at least 200 p.S.i.g. from a row of 
small orifices to convert the layer directly into coherent, 
highly stable, strong nonwoven fabrics which resemble 
many textile fabrics prepared by conventional process 
steps such as mechanical spinning and Weaving. 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This is a continuation-in-part of my applications Ser. 
No. 299,805 filed Aug. 5, 1963, Ser. No. 391,641 filed 
Aug. 24, 1964, Ser. No. 442,251 filed Mar. 24, 1965, 
Ser. No. 462,169 filed June 8, 1965, Ser. No. 462,170 
filed June 8, 1965, Ser. No. 462,183 filed June 8, 1965, 
Ser. No. 550,209 filed May 16, 1966, Ser. No. 607,749 
filed Jan. 6, 1967, all now abandoned, and Ser. No. 
607,748 filed Jan. 6, 1967. 

BACKGROUND OF THE INVENTION 
This invention relates to a new jet process and appa 

ratus for producing nonwoven fabrics, and to the novel 
fibrous products which are obtained. More particularly, it 
relates to patterned nonwoven structures and to process 
and apparatus for producing them by subjecting bulk 
fibrous materials to the action of high-energy-flux liquid 
StreamS. 

Foraminous nonwoven webs have been made in the 
past by a variety of processes. For example, staple or 
papermaking fibers have been deposited from a slurry 
or from an air stream onto slotted forming screens or 
molds or onto screens having spaced protuberances in 
order to form webs, in which the fibers are arranged in 
groups in accordance with the pattern of the forming 
screen. Apertured webs have also been made by Sub 
jecting staple fiber webs to a localized mechanical work 
ing, for example, by perforating an unwoven sheet at 
spaced intervals with pins or by passing a wetted Web 
between meshing toothed cylinders and using vibration 
to forcibly move segments of fibers apart to form holes 
in the web. Localized streams of gas or liquid have also 
been used to blow the fibers out of discrete areas of a web 
to thereby create a plurality of holes in the web. Forami 
nous nonwoven webs have also been produced by using 
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dispersed low impact-pressure sprays of water to exert a 
washing action on the fibers of a staple fiber web, as the 
web is held sandwiched between an apertured plate and 
a fine mesh Screen. 
Of the above, those processes which require the use of 

vibrating needles, blowing and the like, in general, pro 
vide foraminous webs having a poorly ordered pattern 
and apertures which are irregular in size and shape. 
Formainous webs having a predetermined pattern and 
more uniform apertures may be achieved by the use of 
the air or slurry-deposition processes or by the Spray 
washing process described above. However, all of the 
above prior art procedures yield foraminous webs which 
have little or no integral strength. This lack of strength 
and coherence is due to the fact that the individual fibers 
within the web are not permanently associated with one 
another, with the result that the web can be readily pulled 
apart when subjected to stress. Some degree of strength 
and coherency may be imparted to such webs by the 
use of an adhesive or binder to bond the individual fibers 
together. The strength which can be achieved by such 
methods and the utility of the webs obtained are limited 
by the bonding power of the adhesive employed and its 
ability to retain its bonding power after repeated use 
and/or laundering of the web. Moreover, in many appli 
cations, the persence of any adhesive substance is unde 
sirable, particularly when used in the amount required 
to develop some degree of strength, because of the dele 
terious effect of the adhesive on dyeability, drapability, 
hand and other properties important for textile uses. 
Finally, the additional cost of the binder and of its appli 
cation to the web add to the overall cost of the product. 

SUMMARY OF THE INVENTION 

The present invention provides for the production of 
textile-like nonwoven fabrics of fibers randomly entangled 
with each other in a repeating pattern of localized 
entangled regions interconnected by fibers extending be 
tween adjacent entangled regions. This invention also pro 
vides a process for consolidating fibers or filaments into 
Strong patterned structures without using the conventional 
process steps previously required for producing strong, 
nonbonded, patterned fabrics, such as weaving, knitting, 
netting or the like, and without the need for binder or 
other supplementary treatment. The present invention 
further provides apparatus for the direct conversion of 
bulk fibrous materials into such patterned nonwoven 
fabrics. The present invention also provides for such pro 
duction of textile-like nonwoven fabrics from a wide 
Variety of types and lengths of fibers, starting with various 
forms of bulk fibrous materials, an important improve 
ment over conventional weaving or knitting with yarns 
of staple fibers which are formed into yarn by drafting 
and twisting operations and must be of suitable length. 
The present invention also provides a multitude of new 
and useful patterned nonwoven fabric products. These 
and other advantages of this invention will become 
apparent in the course of the following specification and 
claims. 
The novel products of the present invention are textile 

like nonwoven fabrics comprising fibers locked into place 
by fiber interaction to provide a strong cohesive struc 
ture without the need for binder or filament fusing. The 
products have a repeating pattern of entangled fiber re 
gions, of higher area density (weight per unit area) than 
the average area density of the fabric, and interconnecting 
fibers which extend between the dense entangled regions 
and are randomly entangled with each other in the dense 
entangled regions. Many different patterns can be pro 
vided as disclosed subsequently. Localized entangled re 
gions may be interconnected by fibers extending between 
adjacent entangled regions to define regions of lower area 
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density than that of the adjacent fabric. A pattern of 
apertures substantially free from fibers may be defined by 
the dense entangled regions and interconnecting fibers. In 
preferred products the dense entangled regions are ar 
ranged in a regular pattern and joined by ordered groups 
of fibers to provide a fabric having an appearance similar 
to that of a conventional woven fabric, but in which the 
fibers proceed randomly through the fabric from entangled 
region to entangled region. The fibers of an ordered group 
may be either substantially parallel or randomly disposed 
relative to one another. Embodiments include fabrics hav 
ing complex fiber structures with entangled fiber regions 
interconnected by ordered fiber groups located in different 
thickness zones of the fabric, which are particularly suit 
able for apparel, including dress goods and suiting mate 
rials. 
As stated, fibers are locked into place in the fabric by 

fiber interaction. By "locked into place' is meant that 
individual fibers of the structure not only have no ten 
dency to move from their respective positions in the pat 
terned structure but are actually physically restrained 
from such movement by interaction with themselves and/ 
or with other fibers of the fabric. Fibers are locked into 
place in the entangled fiber regions of higher area density 
than the average area density of the fabric, and such fiber 
interaction may also occur elsewhere. ". 
By "interaction' is meant that the fibers turn, wind, 

twist back-and-forth, and pass about one another in all 
directions of the structure in such an intricate entangle 
ment that they interlock with one another when the fabric 
is subjected to stress. This can be measured by the fiber 
interlock test described near the end of the specification. 
The fabrics of this invention have a fiber-interlock value 
due to fiber entanglement of at least 7. Fabric bonded 
with binder will give higher values than the same fabric 
before bonding. Since the value determined in the absence 
of binder is at least 7 for the products of this invention, 
it is desirable to test samples before bonding or after sub 
stantial removal of any binder present, if this is possible. 
For nonbonded fabrics, the proportion of fibers which 
have interlocking entanglement can be evaluated by the 
evaluated by the entanglement completeness test described 
near the end of the specification, and the average intensity 
of fiber entanglement along the fibers can be estimated by 
the entanglement frequency test. In preferred products, 
the fiber entanglement frequency for nonbonded fabric 
is at least 20 per inch with a fiber entanglement complete 
ness of at least 0.5. Fabrics having entanglement fre 
quencies of at least 40 per inch are also provided for uses 
requiring outstanding surface stability. 
The three-dimensional character of the fiber entangle 

ment described above is readily seen when fabric cross 
sections through entangled regions are observed at high 
magnification with a microscope having sufficient depth 
of focus, and can be evaluated in various ways, e.g., by 
the relatively simple "internal-bond' test described at the 
end of the specification. Included within the scope of the 
invention are textile-like nonwoven fabrics of fibers locked 
into place in a structure characterized by an internal-bond 
value of at least 0.2 foot-pound. 
The entangled fiber structure is preferably characterized 

by random fiber segments that penetrate entangled fiber 
regions of the fabric and have a re-entrant loop con 
figuration in the fiber segment which binds other fibers in 
place in the fabric. This is illustrated in FIGURE 36. By 
“re-entrant loop configuration which binds other fibers in 
place' is meant the configuration of fiber segments (por 
tions of a fiber) in the entangled region which emerge into 
view from random locations within the body of the fabric, 
are bent around and pass over other fibers, and then re 
enter the body of the fabric. A considerable fraction (gen 
erally a large fraction for fabrics having relatively large 
entangled areas) of these fiber segments normally emerge 
from and re-enter the same entangled region at a sub 
stantial angle to the fabric plane. The configuration of 
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4 
the re-entrant segment may resemble a hairpin or refleX 
loop (in the case where the emerging and re-entering legs 
are close together) and cause fibers to be bound in place 
in an analogous manner. The legs of such a reflex loop 
often penetrate entirely through the fabric to emerge from 
the opposite side of the fabric as either fiber ends or closed 
loops and, in some cases, may re-enter the fabric as second 
loops. 

Fiber segments that penetrate entangled regions, and 
bind other fibers in place by a re-entrant loop configura 
tion, are to a considerable degree responsible for the 
high level of fiber-interlock value characteristic of many 
products of this invention, since this structural feature 
distributed on the surface and through the volume of the 
fabric serves to generate an arrangement of fibers in the 
entangled regions with the latent ability to inter-lock, 
ensnarl, and tighten up when the fabric is deformed. This 
feature is in large part also responsible for the integrity 
leading to surface durability, wash resistance and co 
herence of these fabrics. 
The re-entrant loop configuration of fibers as described 

above is most readily observed by coating the fibers on 
the faces of a fabric specimen with metal by a vacuum 
vaporization technique and photographing at high mag 
nification with a microscope having a great depth of focus, 
preferably a scanning electrode microscope. 
The entangled fiber regions of higher area density than 

the average area density of the fabric can be of any shape 
or size. An entangled fiber region can be quite long in one 
direction, or can have a compact shape for which the di 
ameter of the inscribed circle is at least 50% of the di 
ameter of a circle circumscribed about the perimeter of 
the region. Regions of fiber entanglement can extend sub 
stantially continuously along straight or sinuous paths, 
or can be distinct entangled fiber masses of essentially 
circular, square or oblong appearance. They may be inter 
connected by ordered fiber groups to define a pattern of 
apertures. By "aperture' is meant a hole in the fabric 
which may be completely free of fibers or contain rela 
tively few stray fibers. The ordered fiber groups may hold 
the dense entangled fiber regions so closely together that 
apertures are not visible unless the fabric is stretched 
and/or observed with magnification. The term "ordered' 
applies to the gross appearance of fiber groups. The groups 
may be bundles or bands of yarn-like or ribbon-like ap 
pearance. The individual fibers may be substantially paral 
lel, or become so when the fabric is stressed, or the 
fibers may be randomly entangled or otherwise disposed 
in arrangements capable of acting in concert to distribute 
fabric stress. 
The repeating pattern of fiber arrangements can be reg 

ular, i.e., substantially identical arrangements are repeated 
periodically in one or more directions in the plane of the 
fabric, or the repeating pattern can be irregular. Most of 
the examples of this application are concerned with reg 
ular repeating patterns, but irregular or random patterns 
can be made as discussed subsequently. Depending on the 
fineness of the pattern produced on the patterning mem 
ber, or following such after-treatments as shrinkage, de 
velopment of fiber crimp or the like, the fiber arrange 
ments forming the pattern may or may not be readily ap 
parent upon visual inspection with the naked eye. How 
ever, they will be readily discernible with magnification. 
When viewed with transmitted light, the high density en 
tangled regions will be revealed as dark areas in the fabric. 
With shrunk or crimped fibers, placing a slight strain on 
the fabric will help to distinguish between dense entangled 
regions and ordered fiber groups. 
The process of the present invention involves support 

ing a layer of fibrous material on an apertured patterning 
member for treatment, jetting liquid supplied at pressures 
of at least 200 pounds per square inch gage (p.s.i.g.) to 
form streams having over 23,000 energy flux in foot 
poundals/inch second at the treatment distance, and 
traversing the supported layer of fibrous material with the 
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streams to entangle fibers in a pattern determined by the 
supporting member, using a sufficient amount of treatment 
to produce a uniformly patterned fabric. The terms "aper 
tured patterning member,” “energy flux' and "amount of 
treatment,” and preferred apparatus for the treatment, 
will be explained in detail hereinafter. 
As illustrated Subsequently, the process can be used to 

produce a large number of different products by varying 
the initial material and/or the patterning member used. 
The initial material may consist of any web, mat, batt or 
the like of loose fibers disposed in random relationship 
with one another or in any degree of alignment. The term 
"fiber' as employed herein is meant to include all types 
of fibrous materials, whether naturally or synthetically 
produced, comprises fibrids, paper fibers, textile staple 
fibers and continuous filaments. Improved properties can 
be obtained by suitable combinations of short and long 
fibers. Reinforced fabrics are provided by combinations 
of staple length fibers with substantially continuous fibrous 
strands, where the term "strands' includes continuous fil 
aments and various forms of conventional yarns. Desir 
able products are produced from conventional textile fi 
bers, which may be straight or crimped, and other desir 
able products are obtained by using highly crimped and/ 
or elastic fibers in the inital material. Particularly desir 
able patterned, nonwoven fabrics are prepared by using 
an initial material comprising fibers having a latent ability 
to elongate, crimp, shrink, or otherwise change in length, 
and subsequently treating the patterned, nonwoven struc 
ture to develop the latent properties of the fibers so as to 
alter the free-length of the fibers. The initial material may 
contain different types of fibers, e.g., shrinkable and non 
shrinkable fibers, to obtain special effects upon activation 
of the latent properties of one type of fiber. 
The term "apertured patterning member' includes any 

screen, perforated or grooved plate, or the like, on which 
the inital material is Supported during processing and 
which by reason of its apertures and/or surface contours 
influences the movement of the fibers into a pattern in 
response to jets of high-energy-flux liquid streams. The 
patterning member may have a planar or nonplanar Sur 
face or a combination of planar and nonplanar areas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying photographs illustrate some of the 
many varieties of patterned, nonwoven fabric structures 
which may be made, their pattern depending on the selec 
tion of the apertured patterning member. 

In accompanying illustrations of the invention, 
FIGURE 1 shows a schematic view of one type of ap 

paratus for carrying out the process of this invention. 
FIGURE 2 is a schematic isometric view of an appara 

tus for the high-speed, continuous production of patterned 
nonwoven fabric. 
FIGURE 3 is a photomicrograph in plan view of a por 

tion of a patterned, nonwoven fabric prepared from fila 
ments which have been highly crimped following produc 
tion of the fabric, as described in Example 16. Magnifica 
tion is the same as in FIGURE 4. 
FIGURE 4 is a corresponding photomicrograph of the 

fabric of FIGURE 3 held under a multiaxial stress suffi 
cient to elongate the fabric 15%. Magnification is indi 
cated by the scale below the figure. 
FIGURE 5 is an enlarged plan view of a portion of a 

patterning plate, showing the staggered arrangement of 
apertures used when the triangular-mesh, tanglelaced fab 
ric of FIGURE 3 is prepared. 
FIGURE 6 is a photomicrograph in plan view of a 

portion of the triangular-mesh sample of Example 17. 
Magnification is indicated by the scale at the side of the 
figure. 
FIGURE 7 is a photograph of the fabric of FIGURE 6 

after being subjected to the grab tensile test. w 
FIGURE 8 is like FIGURE 6 but illustrates the better 
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6 
appearance obtained in Example 30. Magnification is 
indicated by the scale beneath the figure. 
FIGURE 9 is a photomicrograph of the square-mesh 

sample of Example 17 (at the magnification indicated 
by the scale beneath the figure). 
FIGURE 10 is a photomicrograph showing the oblong 

shaped entangled regions in the product of Example 59. 
FIGURE 11 is a photomicrograph in plan view of 

the square-mesh, nonwoven fabric of Example 10. Mag 
nification is indicated by the scale beneath the figure. 
FIGURE 12 is a similarly enlarged plan view of a 

portion of the plain weave patterning screen used to 
prepare the square mesh fabric shown in FIGURE 11. 
FIGURE 13 is a photomicrograph of a different type 

of square-mesh, nonwoven fabrics, like the product of 
Example 42D but of lighter weight. Magnification is in 
icated by the scale beneath the figure. 
FIGURE 14 is a photomicrograph showing, with a 

product in the position formed, the type of patterning 
screen used to prepare the product of FIGURE 13. 
FIGURES 15 and 15a are photomicrographs of the 

upstream and downstream (screen) faces of the product 
of Example 40C; FIGURES 16 and 16a are of the prod 
uct of Example 40E; and FIGURES 17 and 17a are of 
the product of Example 40L. The products are shown as 
removed from the screens without further treatment, at 
the magnification indicated by the scales. 
FIGURE 18 illustrates the general appearance of 

products of the above type when viewed without mag 
nification. - 

FIGURE 19 shows details of the structural pattern 
in fabric prepared as described in Example 63(a). Mag 
nification is indicated by the scale. 
FIGURES 20-23 are enlarged views of patterning 

screens discribed in Examples 45 and 47. 
FIGURES 24 and 25 show upstream faces of prod 

ucts prepared as described in Example 45, and FIGURES 
24a and 25a show the corresponding downstream faces. 
Magnification is shown by the scale beneath FIGURE 25. 
FIGURES 26 and 27 are schematic illustrations of 

the structural pattern found in products of the above 
type. 
FIGURES 28 and 28a are of the upstream and down 

stream faces of a product prepared as described in Ex 
ample 45, showing the appearance when viewed with 
out magnification. 
FIGURES 29 and 30 show upstream faces of prod 

ucts prepared as described in Example 47, and FIG 
URES 29a and 30a show the corresponding downstream 
faces. Magnification is shown by the scale. 
FIGURES 31 and 31a show the normal appearance of 

the two faces of fabric produced as described in Exam 
ple 47(E), and FIGURES 32-34 show the structural 
pattern at the magnification indicated by the scale; in 
FIGURE 32 (upstream face) and FIGURE 34 (down 
stream face) the fabric is viewed with direct illumina 
tion, and in FIGURE 33 the view is with light transmitted 
through the fabrics. 
FIGURES 35 and 36 are greatly enlarged views of 

fiber entanglement in a fabric prepared as described in 
Example 63 (B). Magnifications are indicated by the 
Scales. 
FIGURE 37 is a view of fiber entanglement in a 

fabric prepared as described in Example 29. Magnifica 
tion is indicated by the scale beside the figure. 
FIGURE 38 is a side-sectional view of a machine for 

air-laydown of fibers to form a random web suitable 
for treatment to form nonwoven fabrics. 
FIGURE 39 is a side-sectional view of a card machine 

suitable for preliminary processing of fibers for prepar 
ing a web. 
FIGURE 40 is a schematic side view of apparatus for 

continuously feeding and opening staple fibers, forming 
a web and jet treating the web to form patterned non 
woven fabrics. 
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FIGURE 41 is an enlarged side-sectional view of one 
of the jet-treating machines indicated in FIGURE 40; 
and 
FIGURE 42 is an exploded isometric view of one of 

the jet manifolds of FIGURE 41. 
One class of products which includes the embodi 

ments illustrated in FIGURES 3, 4, 6, 8, 9, 10 and 11 
are strong, textile-like, patterned nonwoven fabrics com 
prising fibers which are entangled with each other at in 
tervals along their lengths in a repeating pattern of com 
pact masses bound to adjacent masses by linking fibers 
to provide a strong unitary fabric having the aesthetics 
of a woven or knitted fabric. The linking fibers are 
locked into place in the compact masses by three-dimen 
sional fiber interaction. When the linking fibers are ar 
ranged in ordered groups or bundles there is a random 
distribution of fibers among the linking groups project 
ing from the masses, with the fibers lying in a variety of 
different paths through said repeating pattern. 
When linking bundles are spaced 90° apart around 

the compact masses of entangled fibers, as illustrated in 
FIGURE 11, they define a square-mesh pattern simulat 
ing the pattern of a woven fabric. However, the linking 
bundles of the patterned nonwoven fabrics of the present 
invention merge with one another in the compact masses 
and do not cross one another in an over-lapping relation 
ship as do the yarns of a woven fabric. The product may 
also have small linking bundles extending at 45° angles 
to the main bundles, as illustrated in FIGURE 9, which 
provide enhanced properties. When the linking bundles 
are spaced 60 apart around the compact masses of en 
tangled fibers, as illustrated in FIGURES 4 and 6, they 
define a triangular-mesh pattern. 
The fibers are interentangled in the compact masses 

in an exceedingly complex manner, as can be seen from 
the accompanying photographs. The convolutions of the 
individual fibers have been studied by observing suc 
cessive cross-sections through entangled fiber regions. 
It will be convenient to use the term "segment” with ref 
erence to a particular portion of a fiber. The fibers are 
interentangled in three-dimensional rather than planar 
convolutions, each fiber having random convolutions 
which are also random relative to those of the other 
fibers, so that the segments of the fibers visible in a 
cross-section proceed in random directions at varying 
angles, both in the plane of the fabric and out of the 
plane. 

Products of the types discussed above can be prepared 
from initial fibrous material by sufficient treatment of a 
layer of the material with fine, columnar streams of liquid 
jetted at high orifice pressure, while the material is sup 
ported on an apertured patterning member whose sur 
face is planar or substantially planar, such as the perfo 
rated plate or the fine-wire screen shown in enlarged views 
in FIGURES 5 and 12, respectively. During treatment, 
some fibers and/or segments of fibers are moved by the 
streams into interentangled relationship in the areas 
overlying the apertures of the patterning member, while 
other fibers and/or segments form groups or bundles 
which serve to link or interconnect the entangled fiber 
areas or masses. The fiber segments in the linking bundles 
may be more or less parallelized depending upon the na 
ture of the fibers, the patterning member and/or the 
processing conditions. By choice of the proper conditions, 
as illustrated in the examples, the entangled fiber areas 
or masses can be closely adjacent one another, i.e., placed 
so close to one another that they are interconnected by 
individual very short fiber segments spaced fairly uni 
formly about the entangled fiber mass or area, the inter 
connecting segments being discernible only upon close 
inspection. 
FIGURES 15-19 and 24-36 are illustrative of a va 

riety of types of products obtained when using an aper 
tured patterning member which differs, from the planar 
surfaced ones mentioned above, in having a pattern of 
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8 
raised portions defining intersecting channels, in addition 
to the pattern of apertures. As disclosed in greater de 
tail in the examples, they are prepared by traversing a 
layer of fibrous material with fine, columnar streams of 
liquid jetted at high orifice pressure while the material 
is Supported on an apertured patterning member having 
a contoured Surface of channels or grooves arranged to 
provide the desired pattern of entangled fiber regions. 
FIGURE 14 shows a suitable heavy wire screen which 

differs from the screen of FIGURE 12 in having sub 
Stantially straight wires in one direction and highly 
crimped wires in the other direction. The projections 
formed by the crimped vertical wires of FIGURE 14 
cause fibers to align in a modified square-mesh pattern 
as shown. Products having a variety of patterns are pro 
duced by using heavy-wire screens of other weaves, as 
illustrated in FIGURES 20 to 23, or by using other 
types of apertured members whose surfaces are char 
acterized by the presence of channels or grooves. For ex 
ample, the appearance of a woven fabric can be repro 
duced by using a patterning member which is a negative 
replica of the woven fabric, so that the surface of the 
member has raised portions corresponding to holes be 
tween woven yarns, and has elongated apertures or de 
pressions corresponding to cross yarns. 

During the treatment, fibers and/or segments of fibers 
are realigned to follow the contours of the member and 
are also arranged in groups located in different zones 
throughout the thickness of the structure, the groups be 
ing interconnected with one another by areas of interen 
tangled fibers, forming a multilevel structure. Thus, if 
an apertured patterning member has a surface charac 
terized by channels or grooves running along and across 
the member at different depths, the fibers and/or seg 
ments of fibers will be realigned into groups which 
proceed along and across the structure at different levels, 
and which are integrally interconnected with one another 
by localized interentanglement of fibers in the areas 
overlying the apertures or deepest recesses of the pattern 
ing member during processing. The fiber groups can be 
caused to follow either a sinuous or a straight path. Thus, 
if the patterning member has channels which follow a 
curved path, such as the sinusoidal path seen in FIGURE 
14, the fiber groups will also follow such a path and the 
entangled areas will cause the groups to remain perma 
nently in that configuration in the final structure. In gen 
eral, fiber groups will take the form of ridge-like protru 
sions on at least one face of the structure, generally the 
downstream face, which is the face adjacent to the pat 
terning member during processing. The remaining face 
of the structure may be similarly characterized or may 
comprise randomly-disposed fibers arranged in ordered 
groups which outline the apertures of the structure. 
By use of an apertured patterning member having both 

planar and nonplanar areas, other patterned nonwoven 
Structures can be obtained. Thus, in accordance with still 
another embodiment of the present invention, nonwoven 
structures are provided which comprise a sketetal con 
tinuum of closely-associated fibers defining a number of 
apertures in an ordered geometric pattern, said skeletal 
continuum comprising (1) localized areas of interen 
tangled fiber and (2) ordered groups of randomly-dis 
posed fibers, said ordered groups being interconnected 
with one another at said localized areas to form a pat 
tern when said structure is viewed in plan. In such a struc 
ture, the interentangled areas and the random areas co 
operate to define apertures in the structure. Products of 
the latter type may be prepared as illustrated in Ex 
ample 58. 
By use of a patterning member having apertures of 

random location, size and/or shape, special artistic non 
woven fabrics are produced which do not have a regular 
pattern. Such patterning members may be prepared by 
bonding together grains of sand, of various sizes and 
shapes, so as to leave apertures between the grains. An 
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other way is to treat a screen with resin to provide an 
arrangement of raised lines, filled holes or partially-filled 
holes, which may be non-repeating for a considerable dis 
tance or completely random. Thus epoxy resin can be ap 
plied in curved and crossing lines and allowed to cure on 
the screen. Raised designs of various thickness and relief, 
which enclose islands of untreated screen between and 
among lines of resin, may be formed. Fabric formed on 
such screens will have islands of fibers interentangled in 
a regular pattern, characteristic of the screen, intercon 
nected by randomly entangled fibers. Artistic lace-like 
fabrics are produced in this manner. 
FIGURES 15-34 illustrate several types of products 

having ridge-like protrusions on at least one surface of 
the fabric. Many of them have ordered fiber groups lo 
cated in different thickness zones of the fabric and in 
terconnected with one another at entangled fiber regions 
to define an ordered geometric pattern of apertures. All 
of the products have a repeating pattern of entangled fiber 
regions which have a higher area density than the average 
area density of the fabric, and are characterized by ran 
dom fiber segments that penetrate entangled fiber areas 
at Substantial angles to the plane of the fabric and have 
a re-entrant loop configuration which binds other fibers 
in place in the fabric. This type of entanglement is il 
lustrated at high magnification in FIGURE 36. When pre 
pared on patterning screens having almost straight wires 
in one direction and heavily crimped wires in the other 
direction, such as the screens shown in FIGURES 14 and 
20-23, the products have a regular pattern of ridges sep 
arated by grooves lying along parallel straight lines, the 
ridge fiber groups being interconnected by fibers which 
bridge under the ridge-separating grooves, are generally 
parallel, and are locked into place in entangled fiber re 
gions of the ridges. 
The fabrics may have a pattern of ridges and grooves 

on both faces, with ridge-interconnecting fibers in an 
intermediate layer as illustrated in many of the figures, 
or there may be a layer of random fibers on one face 
as illustrated in FIGURE 17. The ridges may extend in 
substantially continuous lines in the same general direc 
tion of the fabric, as illustrated in FIGURES 15-17, or 
the ridges may have other forms, e.g., as in FIGURES 
24 and 25. The ridges may be substantially straight and 
evenly spaced as in FIGURE 29. The ridge-intercon 
necting fibers may form a substantially continuous array 
beneath the grooves, but fabrics wherein the ridges and 
interconnecting fibers define a repeating pattern of aper 
tures more closely resemble conventional woven fabrics 
in appearance. 

Fabrics prepared on screens on the type shown in FIG 
URE 14 are illustrated in FIGURES 15-19. They are 
characterized by a repeating pattern of ridges separated 
by grooves lying along parallel straight lines on at least 
one fabric face and by a repeating pattern of apertures 
spaced along the grooves; the fabric structure compris 
ing entangled fiber regions located in areas between ad 
joining grooves and interconnected into substantially con 
tinuous ridges following paths passing between the 
grooves adjacent to portions of the apertures, and bands 
of fibers interconnecting entangled fiber regions beneath 
the grooves and extending along sides of apertures. In 
these figures the ridges follow sinusoidal paths which are 
substantially 180° out of phase with respect to adjacent 
sinusoidal ridge paths, but other configurations are pro 
duced on different types of patterning screens. The ridges 
may have entangled fiber regions alternating with inter 
connecting parallelized fiber groups, as illustrated in FIG 
URE 19, or the entangled fiber regions may extend Sub 
stantially continuously along the ridges. More detailed 
description of particular fabric structures are given in 
the examples. 

Fabrics prepared on patterning screens of types shown 
in FIGURES 20 and 21 are illustrated in FIGURES 24 
28a. They have the appearance of a twill-weave textile 
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fabric. Typical patterns are shown schematically in FIG 
URES 26 and 27. The repeating pattern is characterized 
by a fabric face layer of protruding ribs arranged in rows 
in a twill pattern and by fibers extending from entangled 
fiber areas in the ribs in parallelized fiber groups inter 
connecting entangled fiber areas in a principal fabric di 
rection, parallelized fiber groups interconnecting entan 
gled fiber areas transversely to said principal fabric di 
rection, and bands of parallelized fibers interconnecting 
entangled fiber areas of ribs in a bias direction of the 
fabric. As illustrated in FIGURES 24a and 25a there is a 
fabric face layer of protruding ribs separated by grooves 
lying along parallel straight lines and arranged in rows in 
a twill pattern, the ribs being interconnected by groups 
of parallelized fibers which extend from entangled fiber 
regions of the ribs in principal fabric directions and by 
bands of parallelized fibers which extend under said 
grooves to interconnect ribs in a bias direction of the 
fabric. The bands of parallelized fibers may be arched 
and form protrusions on the fabric face opposite to the 
ridge-separating grooves, or they may form an inter 
mediate layer which is overlaid with random fibers on the 
face opposite to the ribbed face. In heavy fabric weights 
there may be a substantially continuous array of ridge 
interconnecting fibers. Both faces may be ribbed and al 
most identical in appearance, as in FIGURES 28 and 
28a. In this type of fabric the entangled fiber regions 
may be so extensive as to substantially or completely 
eliminate the short parallelized fiber groups indicated in 
FIGURES 26 and 27. 
FIGURES 29-34 illustrate types of fabric which can 

be prepared on patterning supports having slot-shaped 
openings aligned along parallel straight lines. Thus FIG 
URE 23 shows a suitable oblong screen, of plain weave 
but having many more wires per inch in one direction 
than in the other screen direction. The fabric shown in 
FIGURE 30a has ridges which are substantially straight, 
with the fibers interentangled except where they wind 
around the protruding wire crimps of the screen. The 
ridges are separated by parallel straight grooves and are 
interconnected under the grooves by bands of parallel 
fibers, seen in FIGURE 30. Adjacent ridges and inter 
connecting bands define apertures at positions correspond 
ing to the protruding crimps of the widely-spaced wires 
of FIGURE 23. 

These apertures can be spaced as far apart along the 
ridges as desired by increasing the wire spacing, or can 
be eliminated entirely by modifying the screen construc 
tion. Thus a patterning screen can be used which consists 
of straight wires welded together, instead of woven, to 
have the wires of one screen direction entirely on one face 
and the crossing wires entirely on the opposite face. 
Fabric prepared on such screens has straight parallel 
ridges of entangled fibers, uniformly separated by grooves 
and interconnected across the grooves by a continuous 
array of substantially parallel fibers locked into place 
by the entanglement. 
FIGURES 29 and 29a illustrate a type of fabric which 

can be made on the Dutch twill screen of FIGURE 22. 
This wire weaves over two and under two, as in the 
above twill weave screen, but the wires are pushed closely 
together in one screen direction. The fabric differs from 
those considered previously in appearance but has the 
structural characteristic of a regular pattern of ridges 
separated by grooves lying along parallel straight lines 
and interconnected by bands of generally parallel fibers 
locked into place by entanglement. The bridging bands 
of generally parallel fibers seen in FIGURE 29 corre 
spond to the positions of the twill lines of protruding 
wire crimps seen in FIGURE 22. Since each protrusion 
is formed by two wires, side-by-side, there is a relatively 
wide separation between ridges. There is no well-defined 
pattern of apertures, but small triangular-shaped aper 
tures are visible at positions corresponding to the vertical 
wires in FIGURE 22. At somewhat heavier fabric Weights 
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apertures are no longer visible, there being a substantially 
continuous array of ridge-interconnecting fibers. FIGURE 
29 shows ridges lying along parallel straight lines in which 
entangled fiber regions alternate with relatively short in 
terconnecting groups of generally parallel fibers. The 
ridges are not as clearly defined on the screen face of 
FIGURE 29a. In heavier fabrics, or in fabrics contain 
ing less pliable fibers, the ridges may have substantially 
uniform and similar appearance on both faces of the 
fabric. The ridge entanglement can also be extended to 
substantially or completely eliminate the short parallel 
ized groups seen in FIGURE 29, i.e., in such embodi 
ments the ridges are continuous entangled fiber groups 
which protrude on both faces of the fabric. 
Any of the products discussed previously can be com 

posed of textile staple fibers of any length, continuous 
filaments or very short fibers such as paper fibers. Various 
combinations can be used effectively. By combining short 
fibers with fibers at least twice as long, fabric having 
exceptionally good surface durability can be obtained. 
The short fibers become concentrated to a greater extent 
in the entangled fiber regions, wrapping around the longer 
fibers and being highly entangled to bind the longer 
fibers securely into the body of the fabric. Staple fibers 
and paper fibers of shorter length are effective for this 
purpose. Combinations on continuous filaments and fibers 
of less than one inch in length can be used. Preferred 
combinations include 90% to 25% of continuous fila 
ments with 10% to 75% paper fibers, and 90% to 40% 
of staple fibers at least about 1.5 inches in length with 
10% to 60% of short staple fibers of about 4 inch to 
% inch in length. 

Fabric of staple length textile fibers can be reinforced 
with 3% to 90% of substantially continuous fibrous 
strands for improved properties. When the fibrous 
strands are textile yarns they preferably constitute 10% 
to 70% of the weight of the fabric. The fibrous strands 
may be composed of continuous filaments or may be 
spun yarns of staple fibers, Textured bulk yarns are 
particularly useful because the fibers entangle more 
readily to become locked into place. Crimped stretch 
yarns provide desirable textile-like properties. 

PROCESSING CONDITIONS 

Patterned, nonwoven fabrics are produced in accord 
ance with this invention by a process in which nonwoven 
fibers or filaments are consolidated with streams of liquid 
to form a fabric on an apertured patterning member, such 
as a Screen or plate having small openings and/or re 
cesses arranged in a pattern corresponding to the location 
of entangled fiber regions desired in the fabric, and of 
a size which provides a total open area in said pattern 
of 10% to 98% (preferably 35% to 65% when using 
a perforated plate). A nonwoven batt or other initial 
fibrous layer is supported on the patterning member and 
is traversed with fine, high-energy-flux streams of liquid, 
such as Water, until the fibers are rearranged into groups 
extending between and intersecting at the apertures of 
the patterning member, in an ordered pattern, and are 
interentangled to lock the fibers into position in this 
pattern. In order to interentangle the fibers adequately, 
the streams impinged on the fibrous layer must have an 
energy flux of at least 23,000 foot-poundals per square 
inch per second and, in order to avoid excessive treat 
ment times, the streams should be formed by jetting liquid 
from orifices at high pressure. For example, a practical 
minimum is treatment equivalent to that provided at a 
3-inch distance by essentially columnar streams from 
orifices 0.005 inch in diameter when supplied with water 
at a pressure of at least 200 pounds per square inch 
above atmospheric pressure (hereinafter abbreviated 
p.s.i.g.). Preferably, water pressures of 500 to 5000 p.si.g. 
(35.2 to 352 kg./cm.) are used for orifices 0.003 to 
0.010 inch (0.0076 to 0.0254 cm.) in diameter with 
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12 
orifice-to-fiber spacings ranging from substantially 0 to 4 
inches (0 to 10.2 cm.), although greater pressures and 
spacings can be used. Lower water pressures can be used 
at closer spacings. Water at about 1-99 C. is suitable. 
The initial layer may consist of any web, mat, or batt 

of loose fibrous elements, disposed in random relationship 
with one another or in any degree of alignment, such as 
might be produced by carding and the like. The fibrous 
elements may be of any natural, cellulosic, and/or wholly 
Synthetic material. The initial layer may be made by any 
desired technique, such as by carding, random laydown, 
air or slurry deposition, etc. It may consist of blends of 
fibers of different types and/or sizes. If desired, the initial 
layer may be an assembly of loose fiber webs, such as, 
for example, cross-lapped carded webs. The initial layer 
may include : Scrim, woven cloth, bonded nonwoven 
fabrics, or other reinforcing material, which is incorpo 
rated into the final product by the treatment. Particularly 
desirable products may be obtained by utilizing highly 
crimped fibers or fibers which have a latent ability to 
elongate, crimp, shrink or the like and then, after the 
formation of the patterned textile, developing the latent 
properties of the fibers. The processability of stiff fibers 
can be improved by plasticization with solvent or heat, 
e.g., by use of hot water. 
The apertured backing member may consist of a per 

forated plate, sheet, woven screen, honeycomb or the 
like, made of any suitable material which is not sus 
ceptible to attack by the fluid used in the process. Suit 
ably, a stainless-steel screen or perforated plate is used. 
This will usually be flat, but may be shaped in a three 
dimensional contour when direct formation of shaped 
garments is desired. The apertures in the backing mem 
ber may be of any desired shape and/or size and may 
be arranged in any regular pattern, such as in parallel 
or staggered rows, providing that the open area of the 
apertured backing member and the size and spacing of 
the apertures are properly chosen so as to permit the 
fibers of the web being treated to move into an entangled 
fiber pattern. It is to be understood that these conditions 
may vary depending on the particular web to be treated. 
However, in general, the ease with which a given web 
can be formed into a patterned nonwoven fabric on a 
planar patterning member under a given set of process 
conditions is diminished as the percent open area of 
the backing member is decreased. Processibility is im 
proved with the use of nonplanar patterning members 
and with such members it improves with increasing 
depth or height of the recesses or protrusions, respective 
ly. Obviously, the apertures may not be so large nor 
spread So far apart as to preclude the formation of 
any pattern. As illustrative of suitable apertured back 
ing members are coarse, regular or fine-wire plain weave 
Screen ranging from 3 mesh to 80 mesh (wires per inch) 
(1.18 to 31.4 wires/cm.) having wire diameters ranging 
from 0.005 inch to 0.105 inch (0.0127 to 0.267 cm.), 
and having from about 10% to about 98% open area. 
Other examples are perforated metal plates having cir 
cular holes, ranging from 0.01 to 0.25 inch (0.025 to 
0.635 cm.) in diameter, arranged in parallel or staggered 
rows and having from about 10% to 98% open area. 
Perforated plates having slots, triangles, and/or apertures 
of other geometrical shapes are also suitable. Moreover 
it is not necessary that all of the apertures in a given 
plate be of the same diameter or shape. Furthermore, an 
aperture can vary in cross-sectional area throughout the 
thickness of the plate, e.g., apertures may be of conical 
or other cross-section. Finally, they need not even extend 
completely through the thickness of the plate; thus, for 
example, patterned structures can be produced using a 
Cross-grooved plate or a plate having pyramidal or other 
depressions and/or protrusions. 

Solid (i.e. non-foraminous) patterning plates having 
ridges on the face supporting the fibrous material can 
be used to produce nonwoven fabrics with a corduroy 
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appearance. Suitable ridged surfaces can be made by 
sealing the openings of a grating, for example, one hav 
ing 8 to 20 parallel rods per inch of circular or other 
cross section, so that the rods produce ridges of about 
30 to 100 mils in height above the plate. Such surfaces 
can also be made by cutting grooves in a solid, flat 
plate. The ridges may be non-parallel if a different pat 
tern is desired. A 14 x 14 mesh screen (17% open area) 
can be filled to half of its thickness to provide a useful 
solid patterning plate. Other useful solid patterning plates 
contain protrusions such as pegs, wires (as from a coated 
strip of fillet card clothing), or metal strips with teeth 
(i.e. metallic cloth). In order to expedite removal of the 
water it is advantageous to have the web in contact with 
a solid patterning member only while being impinged by 
the water jets as, for example, with a patterning mem 
ber on the face of a small roll or an endless belt that 
rotates in the direction of travel of the web. 

In operating the process as illustrated subsequently, 
water or other suitable liquid is forced under high pres 
sure through small diameter orifices so as to emerge 
continuously or intermittently in the form of fine, essen 
tially columnar, high-energy-flux streams. The web or 
other fibrous layer is placed on the selected apertured 
backing member, and the assembly is moved, layer side 
up, into the path of the high-energy-flux streams. Either 
the web or the streams, or both, are moved to traverse 
the web. When using a planar or substantially planar 
apertured patterning member, the high-energy-flux 
streams impinge upon and physically cause the individual 
fibres to move in the general direction of the nearest 
aperture while simultaneously forcing segments of the 
individual fibers to move into and about other fibers and 
about themselves as they bridge the gap of the aperture, 
until a highly entangled, dense, fibrous mass is produced 
within the aperture. During this impingement, segments 
of a given fiber may be caused to move toward one 
aperture while other segments of the same fiber are 
caused to move to one or more different apertures. As 
the impingement continues, that portion of the fiber 
which extends between adjacent apertures is reduced in 
length as the segments within the apertures are driven 
into tighter and tighter entanglement with themselves 
and other fibers. Thus, the fibers of the web are simulta 
neously realigned, entangled, and locked into place in 
a pattern corresponding to the arrangement of holes in 
the apertured backing member. The resulting structure 
comprises fibers arranged in an ordered geometric pat 
tern of intersecting bundles locked together at their 
intersections solely by fiber interaction. The ordered 
groups of fibers locked together in series in any given 
line form the structural elements of the patterned, non 
woven fabric and are capable of withstanding stress as 
are the yarns of a conventional woven fabric. Unlike a 
conventional woven fabric, however, the structural ele 
ments of the patterned, nonwoven fabric do not merely 
overlap one another but are locked with one another 
at each intersection, and the individual fibers migrate 
randomly from bundle to bundle via intersections. 
When using a nonplanar apertured patterning member, 

such as a screen woven of heavy wire and having a rela 
tively coarse mesh or any other patterning member whose 
surface is characterized by the presence of channels or 
grooves, the high-energy-flux streams force the fibers gen 
erally away from any protrusions and into and along the 
channels of the supporting surface of the patterning mem 
ber. Preferably, the nonplanar patterning member is a 
woven wire screen having a low open area (approxi 
mately 50% or less) and a relatively coarse mesh (60 
mesh or coarser). Such screens are characterized by wires 
having a moderate degree of crimp amplitude in one axis 
and a greater degree of crimp amplitude in the transverse 
axis. Accordingly, the surface of the screen is character 
ized by a series of slight protrusions, corresponding to the 
crimped portions of the wire, along one axis and a series 
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14 
of high protrusions along the transverse axis. The differ 
ence of the crimp amplitude in the two axes of the 
screen and the interweaving of the wires thereof impart 
to the screen a contoured surface characterized by the 
presence of regularly spaced channels or grooves which 
may run along the screen at different levels and are sepa 
rated from one another by the high points or protruding 
portions of the wire, in addition to the actual drainage 
apertures defined between adjacent wires. When a fibrous 
initial material is placed on such a screen and treated 
with high-energy-flux liquid streams, the individual fibers 
and/or segments thereof are caused to move into the 
channels and to be consolidated with one another along 
the channels. In general, some fibers tend to move toward 
the lowest portion of the screen, i.e., into the deepest 
channels. As these channels become filled, fibers are 
caused to move into other channels of lesser original 
depth. Accordingly, the ultimate fiber structure is of a 
layered or multilevel configuration. During their move 
ment into the various levels of the screen, the fibers at 
certain localized regions are caused by the high-energy 
flux streams to entangle with one another. 

In contrast to the nonplanar screens described above, 
screens of very high open area, or screens of low open 
area and very fine mesh, are relatively flat and lack a 
channeled surface because the good conformability of the 
wires results in little difference in the crimp amplitude 
of the two axes. Thus, instead of multilevel structures, 
such screens yield products more closely resembling 
those produced with a perforated plate having apertures 
arranged in parallel in a square pattern. 
The patterned nonwoven fabrics prepared in accord 

ance with the present invention may be dried while still 
on the apertured backing member or after removal from 
it. They are stable, coherent, strong and ready for fabric 
use. If desired, they may be dyed, printed, heat-treated, or 
otherwise subjected to conventional fabric processing. 
Thus, for example, they may be treated with resins, bind 
ers, sizes, finishes and the like, surface-coated and/or 
pressed, embossed, or laminated with other materials, 
such as foils, films, or the like. They may be stretched 
in one or more directions, as illustrated in Example 53. 
This post-stretching treatment improves the yield resist 
ance of the fabric. Desirably it involves stretching be 
yond that which merely causes a pantograph collapse of 
the fabric pattern. In some cases, the fibers of the fabric 
may also be stretched during this post-stretching of the 
fabric. By post-stretching two patterned, nonwoven fab 
rics, cross-lapping them and repeating the treatment with 
high-energy-flux streams of water one obtains an integral 
fabric having a stress-strain behavior similar to that of 
a woven print cloth. 

In order to obtain the high-strength patterned, non 
woven products of the present invention, it is essential 
that the initial material be subjected to the action of 
streams of a noncompressible fluid at sufficiently high 
energy flux and for a sufficient amount of treatment. The 
energy flux (EF) of the streams will depend upon the 
jet device used, the pressure of the liquid supplied to the 
jet orifice, and the orifice-to-web spacing during treat 
ment. If the jet initially forms a "solid' stream, i.e., an 
unbroken, homogeneous liquid stream, the initial energy 
flux, in foot-poundals/inch second, is readily calculated 
by the formula, 

where: 

P=the liquid pressure in p.s.i. 
G=the volumetric flow of the stream in cu. ft./minute, 

and 
a=the initial cross-sectional area of the stream in square 

inches. 
The value of G for use in the above formula can be 

obtained by measuring the flow rate of the stream. The 
initial cross-sectional area (a), which is inside the jet 
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device, can be determined by measuring the actual orifice 
area and multiplying by the discharge coefficient (usually 
0.64), or it can be calculated from measured flow rates. 
Since the area (a) corresponds to solid stream flow, the 
above formula gives the maximum value of energy flux 
which can be obtained at the pressure and flow rate used. 
The energy flux will usually decrease rapidly as the 
stream travels away from the orifice, even when using 
carefully drilled orifices. The stream diverges to an area 
(A) just prior to impact against the web and the kinetic 
energy of the stream is spread over this larger area. 
The cross-sectional area (A) can be estimated from pho 
tographs of the stream with the web removed, or can be 
measured with micrometer probes. The energy flux is then 
equal to the initial energy flux times the stream density 
ratio (a/A). Therefore, the formula for energy flux at 
the web being treated is 

EF=77 PG/A ft.-poundals/in2 sec. 
The value of (A) increases with the orifice-to-web 

spacing and, at a given treatment distance, the value de 
pends upon the jet device and the liquid supply pressure 
used. A pressure of 200 p.s. i. can provide sufficient energy 
flux for several inches when using a highly efficient jet 
device, as illustrated in Example 62. With other jet de 
vices, the energy flux of a stream may become too low 
in a relatively short distance even when using higher pres 
sures, due to the stream breaking up and losing its colum 
nar form. When this occurs, there is a sudden increase 
in the value of (A) and the energy flux drops rapidly. 
Since the stream may become less stable when higher 
pressures are used, the energy flux at a given treatment 
distance may actually decrease when the jet orifice pres 
sure is increased to provide a higher initial energy flux 
(PG/a). Some stream density (a/A) and energy flux de 
terminations for water streams from straight cylindrical 
hole, drilled-tube orifice manifolds, of types used in the 
examples unless a different type is described, are given in 
Table 1. 
TABLE 1.-ENERGY FLUX VALUES FOR DRILLED TOBE 

ORIFICES 

Distance Below. Orifice 

2-3 inch 34 inch 1.5 inch 
For 3 Mil Orifice Diameter: 

200 p.s.i.: 
Stream density (alA).------------ 0.0758 0.0625 0.0545 
Energy flux--------------------- 85,000 70,000 61,000 500 p.S.i. 
Stream density (alA).--- --- 0.0758 0.0522 0.0405 
Energy flux---------- 330,000 230,000 180,000 

1,000 p.S.i.: 
Stream density (alA).----------- 0.0758 0.044 0.0349 
Energy flux--------------------- 940, 000 540,000 430,000 

1,500 p.s.i.: 
Stream density (alA).----------- 0,0758 0.0405 0.0304 
Energy flux--------------------- 1,720,000 920,000 690,000 

For 5 Mil Orifice Diameter: 
200 p.S.i. 

Stream density (alA).--- - - - - 0.241 0.103 0.0785 
Energy flux.----------- ---- 270,000 115,000 88,000 

500 p.S.i.: 
Stream density (alA).----------- 0,214 0.0763 0.0565 
Energy flux.--------------------- 930,000 330,000 250,000 

1,000 p.s.i.: 
Stream density (alA).---------- 0.190 0.0595 0, 0108 
Energy flux.-------------------- 2,340,000 730,000 130,000 

For 7Mil Orifice Diameter: 
200 p.S.i.: 

Stream density (afA).----------- 0.357 0.125 0.0563 
Energy flux-------------------- 400,000 140,000 63,000 

500 p.s.i.: 
Strean density (alA).----------- 0.28 0.097 0.037 
Energy flux.-------------------- 1,225,000 421,000 162,000 

1,000 p.s.i.: 
Stream density (alA).----------- 0.236 0.079 0.096 
Energy flux------------ - 2,910,000 972,000 242,000 

1,500 p.s.i.: 
Stream density (alA). 0.236 0.0645 0.025 
Energy flux.-------------------- 5,350,000 1,460,000 283,000 

The high strength, nonwoven, patterned products of 
the present invention can be produced by treating the web 
with streams of water jetted at sufficiently high pressure 
and having an energy flux (EF) of at least 23,000 ft.- 
poundals per inch second. Such streams are preferably 
obtained by propelling a suitable, noncompressible fluid, 
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such as water, at high pressure through small-diameter 
orifices under conditions such that the emerging streams 
remain essentially columnar at least until they strike the 
initial material. By "essentially columnar' is meant that 
the streams have a total divergence angle of not greater 
than about 5 degrees. Particularly strong and surface 
stable, nonwoven, patterned fabrics are obtained with 
high-pressure fluid streams having an angle of divergence 
of less than about 3 degrees. The use of essentially colum 
nar streams of high energy flux provides improved prod 
uct uniformity by minimizing air turbulence at the Sur 
face of the web during processing. 
As the divergence angle of a stream is reduced from 

a given value (e.g. 5) to 0, the character of the stream 
changes from a mixture of liquid droplets and ligaments 
with entrained air to a perfectly columnar solid liquid 
stream which generally increases the efficiency of the 
stream (as measured by the extent of entanglement for a 
given energy input) when all other conditions are kept 
constant. In some cases the use of a slightly divergent 
stream may be preferred over a perfectly columnar stream 
even at the cost of process efficiency as, for example, 
When patterning a low, basis-weight web. 
The process of the present invention may be used to 

produce patterned, nonwoven fabrics from any type of 
loose fibrous web, batt or sheet. The ease with which a 
given web can be patterned and entangled is dependent 
upon many factors, and process conditions may be chosen 
accordingly. For example, webs of low density may be 
processed more easily. than comparable webs of higher 
density. Fiber mobility.also has a bearing on the case 
with which a web can be processed. Factors which influ 
ence fiber mobility, include, for example, the density, 
modulus, stiffness, surface-friction properties, denier and/ 
or length of the fibers in the web. In general, fibers which 
are highly wettable, or have a high degree of crimp, or 
have a low modulus or low denier, can also be processed 
more readily. 

If desired, the initial fibers or layer may be treated first 
with a Wetting agent or other surface agent to increase the 
ease of processing, or such agents may be included in the 
fluid stream. 

Depending upon the nature of the initial fibrous layer 
and the pattern to be produced, the energy flux exerted 
by the fluid streams, may be adjusted as desired by vary 
ing the size of the orifices from which the streams emerge, 
the pressure at which the noncompressible fluid is deliv 
ered, the distance the web is separated from the orifices, 
and the type of orifice. Other process variables, which 
may be manipulated in order to achieve the desired pat 
terning and entanglement, include the number of times 
the Web is passed into the path of the streams, and/or the 
directions in which the web is passed into the path of 
the streams. 
The amount of treatment must be sufficient and is 

measured by the energy expended per pound of fabric pro 
duced. The energy (E1) expended during one passage 
under a manifold in the preparation of a given nonwoven 
fabric, in horsepower-hours per pound of fabric, may be 
calculated from the formula: 

E=0.125 (YPG/sb) 
where: 

Y=number of orifices per linear inch of manifold, 
P=pressure of liquid in the manifold in p.si.g., 
G=volumetric flow in cu. ft./min./orifice, 
S-Speed of passage of the web under the streams, in 

ft./min., and 
b=the weight of the fabric produced, in oz./yd.2. 
The total amount of energy (E) expended in treating the 
web is the sum of the individual energy values for each 
pass under each manifold, if there is more than one. 

Patterned, highly entangled nonwoven fabrics can be 
prepared from an easily entangled fiber such as rayon at 
an energy flux of about 23,000 ft.-poundals/in2 sec, with 
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an expenditure of total energy of about 0.2 HP-hr./lb. of 
fabric (as shown in Example 62A). Under more vigorous 
conditions of pressure and energy flux the energy can be 
reduced to as low as 0.1 HP-hr./lb. of fabric. At any 
given set of processing conditions it is generally observed 
that as the energy (E) of treatment is increased the ten 
sile strength of the product increases rapidly until it 
reaches a substantially constant level. The surface stability 
of the nonwoven fabrics (i.e., the resistance of the fabric 
to surface pilling and fuzzing) also increases as the energy 
of treatment is increased, but treatment with 2 to 8 or 
more times as much total energy may be required to reach 
maximum surface stability as to reach maximum tensile 
strength. This is illustrated by Example 62 (items B-E) 
where a product of good strength is made at an energy 
(E) of 0.34 HP-hr./lb. The tensile strength is only in 
creased about 47% as the treatment is increased by a fac 
tor of 29 but the entanglement frequency (which is a 
measure of surface stability) increases over 3 times. 

It must be understood that the energy requirements 
to make a given quality product vary widely with the na 
ture of the starting web. With all other conditions being 
equal, the energy needed to make well-entangled products 
is greater for 66-nylon than for cotton, rayon or polyester 
fibers, and is less for 66-nylon than for acrylic fibers and 
polypropylene fibers. Using the same fiber composition 
and length, fibers of small denier are more readily entan 
gled than higher denier fibers. Using the same fiber com 
position and denier, shorter fibers are more readily en 
tangled than longer fibers. Using the same fiber composi 
tion, denier and length, fibers having greater crimp fre 
quency and amplitude of crimp are entangled more read 
ily than less crimped fibers. 

In addition to these differences, it is to be understood 
that, with a given web, the energy requirements to ob 
tain a desired level of entanglement will depend upon 
the nature of the patterning plate or other support. 
For products with sufficient surface stability to with 

stand repeated launderings, such as might be required 
for certain apparel and other uses, an energy flux (EF) 
of at least 100,000 ft.-poundals/in. Sec. and an energy (E) 
greater than 1 HP-hr./lb. of fabric are preferred. 
The examples will show that webs ranging from 0.5 

oz./yd. or less to about 10 oz./yd. or more and com 
posed of natural, cellulosic, and/or wholly synthetic fibers, 
can be readily converted into patterned nonwoven fabrics 
having strip tensile strengths of at least 1 lb./in. per oZ./ 
yd.2 through the use of water as the fluid and process con 
ditions within the following ranges: 
Orifice size -------------------- inch- 0.003 to 0.030 
Orifice spacing ---------------- do---- 0.01 to 0.1 
Water pressure ----------------- p.s. i. 200 to 5000 
Web to orifice separation ------- inches-- 0 to 6 
Number of passes -------------------- 1 to 100 

The effect of the above process variables on the produc 
tion of patterned, nonwoven fabrics in accordance with 
the present invention will be illustrated in more detail in 
the examples. 
The geometric pattern of the entangled structures pro 

duced in accordance with the present invention is depend 
ent upon the arrangement of holes and/or the contour of 
the apertured backing member. As illustrated in the ex 
amples, in planar patterning members the holes are usu 
ally arranged in a uniform pattern of about 25 to 4000 
holes per square inch (3.8 to 620 holes/square cm.) of 
backing member. Webs of the type described above may 
be successfully processed into patterned, nonwoven fab 
rics on apertured backing members having the following 
characteristics: 
Proportion of open area --------percent.-- 10 to 98 
Aperture size (0.025-0.63 cm.) ----- inch-- 0.01 to 0.25 
When a planar backing member has apertures aligned 

in parallel rows, the nonwoven fabric will have a square 
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mesh pattern, simulating that of a plain weave fabric. If 
the apertures are arranged in staggered rows, the non 
woven fabric will have a triangular-mesh pattern. Fancy 
patterns, such as a simulated herringbone weave of the 
like, may also be produced in nonwoven fabrics by proper 
choice of the backing member. If desired, one or more 
patterns may be superimposed by treating the web first on 
one backing member and then on another. Designs and/or 
lettering may also be produced by blocking out selected 
portions of the backing member used in the production of 
the nonwoven fabric. Different effects can be achieved by 
the use of multicolored fibers and/or webs. For example, 
striped, nonwoven fabrics may be made by the use of a 
starting web comprising parallel strips of fibers of differ 
ent colors. Plaid, tanglelaced fabrics may be made by us 
ing two such webs, cross-laid with respect to one another, 
as the initial layer. 

In the specific embodiments of the present invention 
wherein a patterned, nonwoven fabric is produced and 
Subsequently treated so as to crimp, elongate, shrink or 
otherwise change the dimensional properties of the indi 
vidual fibers, it is to be understood that the gross pattern 
may be completely or partially obscured in the final prod 
uct and/or it may be drastically reduced in size. 

In general, such fabrics, on being stretched or pulled 
taut, will again reveal the gross pattern. Nonwoven fabrics 
wherein the gross pattern has been thus obscured are par 
ticularly desirable for use as apparel fabrics, since they 
provide a high degree of conformability, stretchability, 
drape and covering power in addition to the basic requi 
sites of strength and the like. 

EQUIPMENT 
A relatively simple form of equipment for treating 

fibrous webs with water at the required high pressure is 
illustrated in FIGURE 1. Water at normal city pressure 
of approximately 70 pounds per square inch (p.s. i.) 
(4.93 kg./cm.) is supplied through valve 1 and pipe 
2 to a high-pressure hydraulic pump 3. The pump may 
be a double-acting, single-plunger pump operated by air 
from line 4 (Source not shown) through pressure-regulat 
ing valve 5. Air is exhausted from the pump through line 
6. Water at the desired pressure is discharged from the 
pump through line 7. A hydraulic accumulator 8 is con 
nected to the high-pressure water line 7. The accumulator 
Serves to even out pulsations and fluctuations in pressure 
from the pump 3. The accumulator is separated into two 
chambers 9 and 10 by a flexible diaphragm 11. Chamber 
10 is filled with nitrogen at a pressure of one-third to 
two-thirds of the desired operating water pressure and 
chamber 9 is then filled with water from pump 3. Nitro 
gen is supplied through pipe 12 and valve 13 from a 
nitrogen bottle 14 equipped with regulating valve 15. 
Nitrogen pressure can be released from system through 
valve 16. Water at the desired pressure is delivered 
through valve 17 and pipe 18 to manifold 19 supplying 
orifices 20. Fine, essentially columnar streams of water 
21 emerge from orifices 20 and impinge on the loose 
fibrous web 22 supported on apertured patterning mem 
ber 23. 
The streams are traversed over the web, by moving 

the patterning member 23 and/or the manifold 19, until 
all parts of the web to be treated are patterned and en 
tangled at high energy flux. In general, it is preferred that 
the initial fibrous layer be treated by moving patterning 
layer 23 under a number of fine, essentially columnar 
streams, spaced apart across the width of the material 
being treated. Rows or banks of such spaced-apart 
streams can be utilized for more rapid, continuous pro 
duction of nonwoven fabrics. Such banks may be at right 
angles to the direction of travel of the web, or at other 
angles, ard may be arranged to oscillate to provide more 
uniform treatment. Streams of progressively increasing 
energy flux may be impinged on the web during travel 
under the banks. The streams may be made to rotate or 



3,485,706 
19 

oscillate during production of the patterned, nonwoven 
fabrics, may be of steady or pulsating flow, and may 
be directed perpendicular to the plane of the web or at 
other angles, provided that they impinge on the web at 
sufficiently high energy flux. 
Apparatus suitable for use in the continuous produc 

tion of entangled, patterned fabrics in accordance with 
the present invention is shown schematically in FIG 
URE. 2. A pump 25, which may be one of the types used 
for supplying water to high pressure steam boilers, is used 
to provide liquid at the required pressure. A pulsation 
dampener 27 is used to provide uniform pressure. A 
fibrous layer 29, prepared by conventional means such 
as a card machine or random air-laydown equipment, is 
supplied continuously to a moving carrier belt 31 of 
flexible foraminous material, such as a screen. The carrier 
belt may also be the patterning member or, as illustrated, 
an apertured patterning member 30 may be supplied with 
the fibrous layer so that changes can readily be made in 
the pattern. The carrier belt is supported on two or 
more rolls 32 and 33 provide with suitable driving means 
(not shown) for moving the belt forward continuously. 
Six banks of orifice manifolds are supported above the 
belt to impinge liquid streams 34 on the fibrous layer 
at successive positions during its travel on the carrier 
belt. The fibrous layer passes first under orifice manifolds 
35 and 36, which are adjustably mounted. Orifice mani 
folds 37, 38, 39 and 40 are adjustably mounted on frame 
41. One end of the frame is supported for movement. 
on a bearing 42, which is fixed in position. The opposite 
end of the frame is supported on oscillator means 43 
for moving the frame back and forth across the fibrous 
layer to provide more uniform treatment. 

High pressure liquid is supplied from the pump 25 
to the orifice manifolds through pipe 18. Each manifold 
is connected to pipe 18 through a separate line which 
includes flexible tubing 44, a needle valve 45 for adjusting 
the pressure, a pressure gage 46, and a filter 47 to protect 
the valve and jet orifices from foreign particles. As indi 
cated on the gages in the drawing, the valves are adjusted 
to supply each successive orifice manifold at a higher pres 
Sure, so that the fibrous layer 29 is treated at increasingly 
higher energy flux during travel under the liquid streams 
34. However, the conditions are readily adjusted to pro 
vide the desired patterning and entangling treatment of 
different initial fibrous layers. Suction boxes 48 be used 
to help remove liquid during high-speed treatment. 
FIGURE 38 illustrates one type of suitable appartus 

for assembling staple fibers into a continuous layer in 
preparation for conversion to nonwoven fabric with the 
above jet-treatment apparatus. A loosely opened mass of 
staple fibers 50 is introduced into a receiving chamber 
51. The fibers are supported on creeping delivery apron 
52 which travels around supporting rolls 53 and 54. The 
fibers are advanced into contact with elevating apron 55 
which travels around supporting rolls 56 and 57. The 
elevating apron carries the fibers to the top of the cham 
ber where they pass through a narrow opening between 
this apron and stripper apron 58. The stripper apron 
travels about supporting rolls 59 and 60 in a direction 
counter to the elevating apron. The aprons are provided 
with suitable wire teeth for engaging the fibers so that 
a layer of fiber tufts is formed at the top of the elevating 
apron, of a thickness determined by the stripper apron. A 
fiber-conveying fan 61 sucks a stream of air past the 
elevating apron, where the apron travels over the upper 
supporting roll 57. The air stream blows fibers from the 
apron and carries them to the screen surface 62 of con 
denser roll 63. The air stream passes through the roll 
and ductwork 64 to the fan, leaving a layer of fibers on 
the screen. The fiber layer is conveyed away from the air 
stream, between the screen 62 and a roller conveyor 65, 
and is then guided to a feed roll 66. A lickerin 67, of 
a type similar to that used in a card machine, receives 
the fibers from the feed roll, 
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The lickerin rotates close to saber tube 68 to feed sepa 

rated fibers into venturi duct 69. A web-forming fan 70 
sucks a stream of air through the duct. The air stream 
carries the fibers through the duct to condenser roll 71 
and deposits the fibers uniformly in random arrangement 
on the screen surface 72 of the condenser roll. The result 
ing loose layer of fibers is removed from the screen Sur 
face by separator roll 73. The layer is forwarded on con 
veyor belt 74 to calender 75, which compacts the layer 
sufficiently to be self-supporting. The air stream passes 
through the condenser roll into compartment 76 and is 
recirculated to the lickerin by the fan 70, through duct 
work 77. 

Staple stock is usually shipped in highly compressed 
bales. These must be opened to form a loose mass of 
fibers before the staple is introduced into the layer-form 
ing apparatus. Conventional cotton openers or pickers 
can be used for initial opening of staple stock. However, 
fiber-opening should be completed by combining to Sepa 
rate and parallelize the fibers so that a loose mass is ob 
tained which is free from clumps, neps, caterpillars or 
other fiber entanglements. FIGURE 39 shows a conven 
tional roller-type card machine, which is one form of 
apparatus suitable for the purpose. At the feed end of the 
machine, a lickerin 80 conveys fibers onto card cylinder 
81. The cylinder is rotated and carries the fibers under 
worker rolls 82 which comb the fibers. Stripper rolls 83 
feed the fibers to the worker rolls and transfer the fibers 
to a second card cylinder 84 for a repetition of the treat 
ment on the first cylinder. The carded fibers are removed 
from cylinder 84 by doffer roll 85, which is rotated at a 
suitable speed to form a thin layer of fibers. The carded 
layer of fibers is stripped and passed through a calender 
86 to form a loosely coherent layer 87 of generally par 
allel fibers. It is preferable to feed the carded fibers to an 
apparatus of the type shown in FIGURE 38 to form a 
random fiber web, as discussed above, which is then con 
verted into nonwoven fabrics. However, several layers 
can be combined to form a carded web, as by cross 
lapping, and treated directly with liquid streams to form 
nonwoven fabrics. Cross-lapped carded webs can also be 
fed directly to feed roll 66 of the layer-forming apparatus 
shown in FIGURE 38. 
FIGURE 40 illustrates a combined apparatus for con 

tinuous processing of staple fiber stock, as received from 
the supplier, to convert the material into nonwoven fabric. 
The stock is fed through a conventional opener or picker 
88 and the opened stock is carried on conveyor belt 89 to 
a card machine of the type described above. The fibers 
are combed on card cylinders 81 and 84, the fibers are 
collected on doffer 85, the fibers are taken off through 
calender 86 and are introduced into a layer-forming appa 
ratus of the type described above. The fibers are carried 
on elevating apron 55 until removed by stripper apron 58 
and are collected on condenser roll 63 to form a prelimi 
nary layer. The lickerin 67 separates the fibers and the 
fibers are deposited on condenser roll 71 to form a uni 
form layer of randomly arranged fibers. The layer is Sup 
ported on conveyor belt 74 until it passes through calen 
der 75 to be made sufficiently self-supporting for subse 
quent treatment. The resulting layer 78 passes to the jet 
treating apparatus, described below, for conversion to 
a nonwoven fabric. Apparatus for continuous drying and 
windup of the fabric is also indicated. 
The layer-forming apparatus processes a given weight 

of material at a relatively slow rate, whereas the jet-treat 
ing apparatus is capable of high speed operation. Increas 
ing the speed of the layer-forming apparatus will result in 
a lighter weight layer. Therefore, it may be desirable to 
provide more than one layer-forming apparatus, combine 
the layers, and feed the combination of layers to the jet 
treating apparatus. When the layers are of the same mate 
rial, the treatment will produce a homogeneous product 
with no evidence of lamination, However, different types 
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of layers can be combined for special purposes and they 
will be securely entangled together by the jet treatment. 
The jet-treating apparatus shown has three treatment 

drums 90, 91 and 92. With this arrangement, the fabric 
formed on the first drum can be treated from the reverse 
face on the second drum and, if desired, given an addi 
tional treatment on the third drum, all in a continuous, 
uninterrupted operation. However, one or two of the 
drums can be by-passed when treatment thereon is not 
desired. As shown in FIGURE 40, the layer 78 travels 
continuously from the layer-forming apparatus to the first 
treatment drum 90. In addition to the guide rolls 93 
shown, a conveyor for supporting weak webs and means 
for prewetting the layer may be provided in order to feed 
the layer smoothly onto the cylindrical surface of the 
drum. The drum rotates counter-clockwise and carries the 
layer beneath a plurality of jet-treatment manifolds 94. 
The fabric produced then passes through wringer 100 and 
travels over a series of guide rolls 95 to the second treat 
ment drum 91. This drum rotates clockwise and the fabric 
is fed onto it so that the previously treated face is next to 
the cylindrical surface of the drum. The fabric is carried 
beneath a plurality of jet-treatment manifolds 96 to treat 
from the face of the fabric opposite to that previously 
treated. From the second drum the fabric is guided by a 
series of rolls 97 to the third treatment drum 92. This 
drum rotates counter-clockwise to carry the fabric be 
neath a plurality of jet-treatment manifolds 98. This com 
pletes the treatment with liquid jets and the fabric leaves 
the drum at guide roll 99. 
The jet-treated fabric passes to a wringer 100 to par 

tially remove the treating liquid. The fabric is guided by 
a series of rolls 101 to conventional drying cans or 
drums 102, which are heated to dry the fabric. The dry 
fabric proceeds to a conventional type of fabric windup 
103. 
The used treating liquid is collected in tank 104 and 

is recovered, except for a small amount carried in the 
fabric to the drying apparatus. The liquid is withdrawn 
from the tank through drain 105, is passed through a 
filter 106 to remove any fibers or foreign matter, and 
make-up liquid is added through pipe 107. The liquid 
may be stored in a tank (not shown) located so as to 
provide the proper head pressure for feeding pump 109. 
The tank may include means for heating or cooling the 
liquid. Pipe 108 conducts the liquid to the pump. A multi 
ple-piston, positive-displacement pump powered by an 
electric motor 110 is preferable. A multiple-stage cen 
trifugal pump can be used, but is less efficient for pump 
ing large volumes of liquid at high pressure. Since a 
piston pump causes pulsation surges, even when there 
are five or more pistons, a pulsation dampener 111 is. 
provided in high pressure pump line 112. A conventional 
fluid-filled, in-line pulsation dampener is preferable in 
large scale operation, instead of the gas-dampener shown 
in FIGURE 1, because of the simplicity and greater 
safety provided when high pressure liquid is supplied at 
a substantial rate. The treating liquid flows from damp 
ener 111 to a second filter 113 designed to remove any 
remaining particles of material large enough to plug the 
jet orifices. A pleated woven screen which will remove 
any particles of larger than 25 microns in size is preferred. 
The filtered liquid then flows into a feed manifold 114 
which supplies the jet manifolds 94, 96 and 98. Conven 
tional pressure-control and high-pressure-relief valves 
(not shown) should be provided to supply the liquid at 
the desired pressure with safety. 

Further details of the jet treating apparatus are shown 
in FIGURE 41. The single treatment drum illustrated 
is similar to the third drum of FIGURE 40 and the ele 
ments are correspondingly numbered. The fibrous mate 
rial for treatment may come directly from the layer 
forming apparatus, without previous jet treatment. Layer 
78 is guided by rolls 97 onto the cylindrical surface of 
the treatment drum 92, is carried under jet manifolds 98, 
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leaves the drum at guide roll 99, passes through wringer 
100, and is guided by rolls 101 to drying apparatus. 
The treatment drum is constructed so that the cylindri 

cal surface contacting the fiber layer is one of the types 
of patterning members discussed previously. A patterning 
member which does not have sufficient rigidity, such as a 
woven wire screen, must be supported. Perforated plates 
or very heavy screens can be used to support a fine wire 
Screen, but have been found to produce a secondary 
pattern which shows through on the processed fabric. A 
honeycomb support 115, made of thin sheet metal with 
about /8-inch cells oriented radially and at least 1 inch 
in thickness, is preferred. The circular ends of the treat 
ment drum rest on rollers 116. 
The jet manifolds 98 are mounted on frame 117 which 

is supported on bearing blocks 118 at four corners of 
the frame. Drive means can be connected to the frame 
by means of an eccentric to impart a circular oscillation 
to the frame and the jet manifolds mounted thereon. 
Oscillation in a horizontal circle of 4-inch diameter 
at 400 cycles per minute can be used to eliminate notice 
able jet tracks on the treated fabric. However, this is 
not necessary when the jet orifices are close together 
along the jet manifolds, particularly when they are spaced 
to coincide with the wire spacing of a patterning screen. 
The jet manifolds are mounted on the frame by adjust 
able means 119 and are supplied with high pressure liquid 
through flexible hoses 120, which are connected to high 
pressure manifold 114 by suitable fittings 121. 
FIGURE 42 is an isometric view of a portion of jet 

manifold 98, shown at a larger scale and with the parts 
separated for clarity. Along the central axis of flat metal 
strip 122 are equally-spaced jet orifices 123. Above this 
is the manifold body 124, which has a lower chamber 
125 connected to an upper chamber 126 by a multitude 
of distribution holes 127. High pressure liquid is sup 
plied to the upper chamber for distribution to the lower 
chamber. Uniformity of flow can also be improved by 
filter tube 128, extending over the full length of the 
upper chamber, into which the liquid is introduced from 
one or both ends. An arrangement of fine mesh screens 
129 can be provided in the lower chamber to reduce 
turbulence of flow. A heavy retainer plate 130 is secured 
to the manifold body by bolts 131 to hold jet strip 122 
in place in undercut portion 132 of the manifold with 
a liquid-tight seal. A slit 133 extends along the central 
axis of the retainer plate to expose the jet orifices 123. 
The invention will be better understood from the ex 

amples of specific embodiments of nonwoven, patterned 
products and processes for producing them. The examples 
illustrate a wide variety of new and useful products, 
which are provided in accordance with this invention, but 
are not intended to be limitative. 

Example 1 
This example illustrates the production of a triangular 

mesh pattern, textile-like, nonwoven fabric from a blend 
of rayon staple fibers. It further demonstrates the pro 
duction of light-weight, strong, nonwoven fabric. 
A carded batt composed of 75% of 1.5 denier per 

filament (0.17 tex), approximately 1.6-inches rayon 
staple and 25%. 1.5 denier per filament (0.17 tex), 0.5- 
inch rayon staple is used as the initial web. 
The web is placed on an apertured stainless-steel plate 

having 0.063-inch diameter holes arranged on 0.094-inch 
staggered centers. The plate has 132 holes/sq. in. and 
41% open area. Using apparatus of the type shown in 
FIGURE 1, the web while supported by the plate is 
treated with fine, essentially columnar streams of water 
issuing under controlled pressure from 0.003-inch diame 
ter orifices on 0.025-inch centers. In operation the web 
is first wetted down with water to hold it in place. The 
pressure of the water delivered to the orifices is then suc 
cessively increased to the following levels: 50, 100, 300, 
500, 800 and 1,000 p.si. At each level of pressure, the 
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web and plate assembly is passed into the path of the 
streams twice, so that the streams traverse the web in one 
direction and then in the direction transverse thereto, the 
web and plate assembly being spaced about 3 inches from 
the orifice during all phases of the treatment. At the final 
pressure, the web is subjected to an additional two passes 
under the streams so that the total number of passes is 
14. The fabric is then blotted with paper towels to re 
move excess moisture, removed from the backing screen 
and dried at room temperature. The resulting product is 
a triangular-mesh pattern, nonwoven fabric of a very 
lightweight, drapable type. The properties of the fabric 
are given below. The fibers are observed to be locked 
into place in a pattern of compact masses of entangled 
fibers interconnected by ordered fiber groups. The extent 
of this interentanglement is evident from the high strip 
tensile strength. 

Sample Weight (oZ./yd.) --------------------- 0.62 
Thickness (inch) ---------------------------- 0.01 
Strip tensile strength (lbs./in.//oz./yd.?) -------- 3.54 
Elongation (percent) ------------------------- 33 
Initial modulus (Ibs./in.//oz./yd.) ------------- 4.60 
Fiber interlock value ------------------------- 9.7 

Similar experiments are conducted using as the initial 
layer a batt of 100% rayon staple (approximately 1.6 
inches in length), a batt of 100% cotton, a batt of 75% 
of the above rayon staple and 25% cotton, and a batt of 
50% cotton and 50% of /2-inch rayon staple. In all 
cases, the use of a fine, essentially columnar stream of 
water having high energy flux yields a strong, nonwoven 
fabric of fibers locked into place in a stable pattern. 

Example 2 

The example illustrates the effect of the water pressure 
and amount of treatment on the properties of a nonwoven 
product when using a staggered-hole patterning plate. 
A jet-treating apparatus similar to that shown in FIG 

URE 2 having one stationary (non-oscillating) row of 
orifices located 1 inch above the web is used. The ori 
fices are funnel shaped with an upper cylindrical diameter 
of 0.005 inch and are spaced 40 per inch. The patterning 
plate has a staggered arrangement of 0.075-inch diameter 
holes to give 112 holes per square inch (50% open 
area). 
The starting layer is a random web of 2 oz./yd. weight 

containing equal weights of 1.5-inches and 0.25-inch 
rayon fibers of 1.5 denier. 
Nonwoven fabrics are made by passing a web at 5.9 

y.p.m. under the water jets at 100 p.s. i. for a preliminary 
wetting and then passing the web at the same speed under 
the jets at a given pressure for the number of treatments 
needed to give the treatment energy desired. 
The variable operating conditions and the properties 

of the products are shown in Table 2. The number of 
treatments (passes) vary from 1 at 1000 p.s. i. for Item 
A to 88 at 200 p.s. i. for Item J. 
The energy flux of the water streams varies from 

1,100,000 to 12,400,000 fot-poundals/second-inch2 for 
200 and 1000 p.s. i., respectively. 
The products are characterized in terms of entangle 

ment completeness (c), entanglement frequency (f) and 
the average (of HD and CD) strip tensile strength (T) 
in (lbs./in.) per (oZ./yd.). The products all have elon 
gations at the break ranging from 40% to 60% and 
secant modulus values at 5% elongation ranging from 1.6 
to 4.0 (lbs./in.) per (oz./yd.2). The weights of the final 
products range from 1.9 to 2.3 oz./yd.?. 

All products have a repeating pattern of compact 
masses of entangled fibers which are bound to adjacent 
masses by linking fibers. The separation of the linking 
fibers into distinct fiber bundles spaced 60° apart around 
the nubs (similar to FIGURE 8) is much more distinct 
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in the products prepared at energy levels of 1.0 or more 
HP-hrS./lb. 

TABLE 2 

Total treatment energy 
HP-hrs./lb. 

0.25 0.5 1.0 1.7 2. 

Item 

A. B C D ------- 

10 Pressure: 

5 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

75 

1,000 p.s.l.: 

Fiber interlock value---- 

=Entanglement completeness. c 
fl-Entanglement frequency. 
T=Strip tensile, average MD and CD directions. 

Example 3 
This example illustrates the preparation of triangular 

mesh-pattern nonwoven fabrics from polyester staple fi 
bers. 
The initial fibrous layer for each of these fabrics is 

prepared by cross-lapping (90) two carded batts of 1.5 
denier per filament (0.17 tex), 1.5-inch polyethylene ter 
ephthalate staple fibers. A series of samples is prepared 
by subjecting each cross-lapped web, while supported on 
a patterning plate having 0.063-inch diameter holes on 
0.094-inch staggered centers (132 holes/sq. in., 41% 
open area), to the action of essentially columnar streams 
issuing from 0.005-inch orifices (on 0.025-inch centers) 
at high energy flux. The webs are turned 90 after each 
pass under the streams so as to be treated in two direc 
tions. 

Using the above streams and spacing the web 3 inches 
from the orifices, a fabric having a tensile strength of 
about 1 to 1.5 lbs./in//oz./yd. is obtained by subject 
ing the web to 16 passes under the streams at a pressure 
of 200 p.s. i. (Sample A). The same number of passes 
at 300 p.s. i. produces a fabric with a strength of 3 to 
3.5 lbs./in.//oz./yd. (Sample B) This latter strength 
or a greater strength is achieved with a lesser number 
of passes if the pressure is increased from 300 to 500 or 
1000 p.s. i. (Samples C through E). When it is desired 
to pass a previously untreated web directly into the path 
of the 500 and 1000 p.s. i. streams at 3 inches from the 
orifices, a coarse-mesh screen can be placed on top of the 
web to help hold the fibrous material in place while it 
is consolidated. In this example, a 20-mesh screen is used 
for samples C through E during a first few passes. After 
the web is sufficiently wetted down and consolidated, 
treatment is continued without the screen for the remain 
ing passes to complete entanglement of the fiber. The 
above results are summarized in Table 3 below as sam 
ples A through E. 

If desired, instead of maintaining a constant pres 
sure for all passes, a given web may be subjected to the 
action of the essentially columnar streams at pressures 
which are increased incrementally. In Table 3 are listed 
the properties of nonwoven fabrics (Samples F through 
H) prepared incrementally increased pressures using the 
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previously described orifices, patterning plate, and sep 
aration from the orifices. As can be seen from the table, 
fabric strength is dependent on the maximum pressure to 
which a given web is subjected, all other process condi 
tions being the same. Thus, after 8 passes, the last six 
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an open area of about 46%. The web is treated at a dis 
tance of approximately 3 inches below the orifices using 
a water pressure which is incrementally increased to a 
maximum of about 1,000 p.s. i., the treatment being con 
tinued until a clear and distinct pattern is visually ob 

of which are at 300 p.s. i., Sample F has a strength of served in the web. During treatment the web is rotated 
2 to 2.7 lbs./in.//oz./yd... This strength is approximately So that streams pass over it first in one direction, then in 
doubled when the web is subjected to 8 passes at incre- a direction transverse thereto, and finally once in each 
mentally increased pressures, the last two passes being diagonal direction. Samples D-G are made in the same 
at 1000 p.s. i. (Sample H). manne using an apertured patterning plate having 0.075 

In still another series, nonwoven fabrics are made by inch diameter holes arranged on 0.10-inch staggered 
altering the above process conditions by passing the web Centers. 
and plate assembly into contact with the streams so that After the treatment, the webs are blotted to remove 
the web just contacts the orifices. In this manner, webs excess moisture, removed from the patterning plate, dried 
can be processed directly even at 1000 p.s. i. without be- I5 at room temperature, and then tested. Properties are 
ing blown apart. Sample I in Table 3 shows the proper- listed in Table 4 below. As can be seen from the table, 
ties of a fabric obtained in this fashion. the lower denier fibers, because they are capable of being 

Finally, webs which have been treated under any set moved more readily and hence entangle more thoroughly, 
of conditions can be subjected to final passes at a still yield patterned nonwoven fabrics having higher tensile 
higher pressure with the web in contact with the orifices 20 strengths. 
to further entangle the fiber and hence increase the Thus, under these process conditions, for any type of 
strength of the nonwoven fabric. This may be observed fiber, the smaller the denier the higher will be the tensile 
by a comparison of Samples E and J of Table 3. strength obtainable under a given set of process condit 

TABLE 3 

Strip Tongue 
Tensile Modulus Tear 

Water Sample Strength Elon- 5% Secant Thick- Bending Strength 
Pressure Test Weight (lbs.fin.// gation (lbs.fin.// eSS Length (lbs./ 

Sample Passes 1 (p.s.l.) Direction (oz.fyd.2) oz.fyd.) (percent) oz.fyd.2) (inches) (cm.) oz.fyd.?) 
A.--------- 16 200 MD i. ... 4 89 0.4 0.023 2.3 0.7 

XD .20 1. 81. 0.4 ------------ 2.3 ---------- 

B--------- 16 300 MD 1.32 3, 6 76 0.8 0.025 2.4 ... 8 
XD 1.34 2.9 70 0.5 ------------ 2.2 2.8 

C--------- +4 500 MD 1.61. 2.5 69 1.0 0.024 2.4 3.0 
8 500 XD 1.44 4. 79 0.7 ------------ 2.4 2.6 

D--------- 46 1,000 MD 1.7. 3.3 86 0.8 0.029 2.3 3.1 
4. 1,000 XD 1,80 4.8 96 0.6 ------------ 2.3 2.5 

E--------- ts 1,000 MD 1.69 5.1 6. 1.4 0.031 2.2 2.6 
8 1,000 XD 1,70 6.5 84 0.8 ------------ 2.5 2.3 

F--------- 2 00. MD 1.46 2.0 97 0.5 0,023 2.9 0.8 
6 300 XD 1. 48 2.7 9. 0.7 ------------ 2.5 1.3 

G--------- 2 100 MD 1.42 3,0 76 0.8 0.023 2.2 1.8 
2 300 XD , 53 3.2 85 0, 6 ------------ 2.4 2.2 
4. 500 

H.-------- 2 100 MD 1.46 4.2 74 0.8 0.026 2.4 2.9 
2 300 XD 1.58 4.5 90 0, 6 ------------ 2.0 2.2 
2 500 
2 1,000 

I---------- 43 1,000 MD 43 5.4 86 . 0.022 2, 6 2.0 
XD 42 5.7 99 i0 ------------ 2. ---------- 

J--------- tg 1,000 MD 53 7.6 7g 1. 0,024 2.2 2.4 
8 1,000 XD 1. 48 7.7 72 l. 3.------------ 2.5 2.8 

is 2 1,000 

13 inches from orifice unless otherwise specified. 
* With 20-mesh screen on top of web. 
**In contact with orifices. 

Example 4 55 ions. Of course, process conditions can be varied to pro 
This example illustrates the preparation of triangular- R. this the same strength from different denier 

mesh-pattern, nonwoven fabrics from isotactic polypro- , 11 desired. 
pylene and from spontaneously elongatable polyethylene TABLE 4 
terephthalate continuous filament webs. It also illustrates 
the effect of filament denier on the ultimate properties of 60 ti 
the fabric. Fil t SE strength Fiber 
For each fabric, an initial layer of about the same Sample E. (SE SEl interies basis weight, consisting of randomly-disposed continu 

ous filaments, is used. Samples A through C consist of 38 36 ------------64 
polypropylene filaments, each sample having filaments of 2.7 2.0 10.3 74 
a different denier. A similar series (Samples D through i: 3. ------------ 42 
G) is prepared for the polyethylene terephthalate fila- 2.5 2.3 6.8 31 3.6 2.6 3.9 -------------- 
mentS. 
Using the apparatus of FIGURE 1, each web is sub 

jected to action of high energy flux, essentially colum- 70 Example 5 
nar streams emerging from 0.005-inch diameter orifices 
on 0.025-inch centers, while the web is supported on an 
apertured patterning plate. Samples A-C are treated on 
a patterning plate having 0.156-inch diameter holes ar 
ranged on 0.219-inch staggered centers, the plate having 75 

This example illustrates the preparation of a triangular 
mesh-pattern, nonwoven fabric from spontaneously elon 
gatable polyethylene terephthalate continuous filaments, 
and demonstrates the effect which spacing of the web from 
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the orifices during treatment has on the properties ob- conditions are given in Table 6. The minimum energy 
tained. flux of the streams used is greater than 1,000,000 ft.- 
As the initial fibrous layer, there is used a 2.5 oz./yd. poundals per inch second, and the total treatment energy 

web of randomly-disposed continuous filaments having is 5.0 HP-hrs./lb. of product, 
a denier per filament of 1.69 (0.19 tex), a tensile strength The well-patterned, apertured product has the follow 
of 2.93 g.p.d., an elongation of 118%, and an initial ing properties: 
modulus of 29.4 g.p.d. In each instance, the initial web Weight, oz./yd.”-------------------------- 2.9 
is placed on an apertured patterning plate having 0.077- Strip tensile MDXCD (1b./in.)/(oZ./yd.”) --- 4.0X3.6 
inch diameter holes arranged in a staggered pattern, the 

5 

Entanglement completeness ----------------- 0.85 
distance between centers being 0.109 inch and the total 10 Entanglement E.ency ------------------- 63 
number of holes being 96 per sq. inch., resulting in an Fiber interlock value ---------------------- 9.7 
open area of approximately 45%. a 

Using apparatus of the type shown in FIGURE 1, The product is a strong, surface-stable textile-like fabric 
the web while supported on the patterning plate is passed that preserves its good appearance and integrity after 15 
under 0.005-inch orifices on 0.025-inch centers for a total 15 or more laundry cycles and is well adapted for Such uses 
of 8 passes, all of which are made in one direction. as a reusable diaper. 

TABLE 6 

Pressure (p.s.i.g.) 
Web in rows 

Speed, - Orifice diameters, 
Pass y.p.m. 2 3. 4 inches Screen 

1st------ 3.5 500 1,000 1,500 1,500 0.005 for all rows----- 30 x 30 mesh 
(49% open area). 

2nd----- 1.7 500 1,000 1,500 0 0.005 for rows 1 and 20X20 mesh 
2, 0.007 for row 3. (36% open area). 

Samples A through D are prepared using a constant water Example 7 
pressure of 800 p.s. i., each sample being processed at a 
different distance from the orifices. A similar series of 
samples (E through H) is prepared under the same 
conditions with the exception that a constant pressure 30 
of 400 p.s. i. is maintained. Each of the prepared samples 
is blotted dry, removed from the patterning plate, dried 
at room temperature and tested. As can be seen from 
Table 5 wherein the physical properties are reported, 
tensile strength decreases as the web is processed further 
from the orifices. This is due to the fact that the area 
of the fluid stream increases with increasing distance 
from the orifice with the result that the stream strikes 
the web at a progressively lower energy flux as the dis 
tance from the orifice increases. 

This example illustrates a product made by a continu 
ous process from rayon fibers. 
Arandom web having a nominal weight of 1.0 oz./yd. 

and consisting of 0.75-inch long rayon fibers of 1.5 d.p.f. 
is prepared and treated with apparatus of the type illus 
trated in FIGURES 40 and 41. Four rows of orifices are 
used for a single treatment. The orifices of each row are 

35 at a spacing of 40 per inch, have an upper cylindrical 
section of 0.005-inch diameter and a lower frusto-conical 
section as an exit. The minimum energy flux of the stream 
used is greater than 1,000,000 ft.-poundals per inch sec 
ond, and a treatment of 1.0 HP-hr./lb. of product is ap 

40 plied. The web is supported on a 24 x 24 mesh screen 
(16% open area) and passed at 5.0 yp.m. under the four 
rows of orifices supplied with water at 150, 400, 800 and 

TABLE 5 800 p.s.i.g., respectively. The well-patterned, apertured 

Wat Dists TE: Fib W. televis properties: 1.0 3. rom streng riper eight, oz/yd.” ----------------------------- Sample PES GSEs El "S Strip tensife, MDXCD (b./in)/(oz/yd?)4.4x32 
Entanglement completeness -------------------- 0.59 

800 2 83------------ Entanglement frequency ---------------------- 34 
8 24 Fiber interlock value ------------------------- 16 

400 ------------33 
400 2 6.3 33 50 Example 8 
400 3 5.3 16 
400 4. 2.9 -------------- This example illustrates the preparation of a triangular 

mesh-pattern, polypropylene nonwoven fabric of partic 
Example 6 ular suitability for very high strength uses. 

55. A loose web having a weight of 1.6 oz./yd.2 and con 
This example illustrates the use of a continuous process. sisting of randomly-disposed isotactic polypropylene con 

Webs are made from acrylic and rayon staple fibers using tinuous filaments, having a denier per filament of 1 and 
the random web-forming section of FIGURE 40. a drawn filament tenacity of 6.4 g.p.d. (57.6 g./tex), is 
A single jet-treating apparatus similar to that shown used as the initial layer. The web is placed on an aper 

in FIGURE 41, having 4 stationary (non-oscillating) 60 tured stainless-steel plate containing 0.156-inch diameter 
rows of orifices spaced 0.25 inch above the drum, is used. holes arranged on 0.219-inch staggered centers, the plate 
The orifices of a row have an upper cylindrical section having 46% open area. Using apparatus of the type 
of either 0.005 or 0.007-inch diameter, with a lower shown in FIGURE 1, the web is treated on the plate with 
frustoconical section as an exit, and are arranged along high energy flux streams of water issuing from 0.005-inch 
the manifold at a spacing of 40 per inch for the 0.005- 65 diameter orifices on 0.025-inch centers. The procedure 
inch orifices and 20 per inch for the 0.007-inch orifices. used is as follows: A dilute, aqueous solution of wetting 
A mixture of 50% acrylic fibers (containing 2.4% agent (fatty alcohol sulfate) is first applied to the web 

TiO2 and 750 parts per million of a commercial optical to wet it. The web is then passed under the jet at a dis 
brightener) of 1.5 d.p.f. and 0.75 inch long and 50% of tance of about 3 inches from the orifices and treated with 
1.5 d.p.f. rayon fibers of 0.25 inch length is used to make 70 streams of water, using a pressure of about 10-20 p.s.i. 
a web with a nominal weight of 2.7 oz./yd... The web and passing the streams across the fabric once in one di 
is processed on a screen surface under the 4 rows of rection, then once in a direction transverse thereto, and 
water streams and wound up. The wet, semi-finished finally once in each diagonal direction. The above proce 
product is turned over and given a second treatment with dure is then repeated using a pressure of 500 p.s. i. and 
the jet-treating apparatus on a different screen, Process 75 finally using a pressure of 1000 p.s. i. The temperature of 
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the water in all cases is 50° C. A visual pattern is ob 
served to take place at about 1000 p.s. i. The treated web 
is then blotted between paper towels to remove eXceSS 
moisture, removed from the apertured plate, and allowed 
to dry at room temperature, 
The resulting structure is a nonwoven fabric having a 

triangular-mesh pattern. During the treatment the fibers 
are physically driven by the high energy flux, essentially 
columnar streams and caused to realign into the pattern 
while at the same time becoming so entangled with one 
another that they form a strong, durable, stable, nonwoven 
fabric. Properties of the fabric are as follows: 
Strip tensile strength (lbs./in.//oz./yd.) -------- 22.4 
Elongation (percent) ------------------------- 41.0 
Tongue tear strength (bs./oZ./yd.”) ------------ 3.5 
Fiber interlock value ------------------------- 65 

The remarkable tensile strength of this fabric is 
achieved without the use of any binder and is solely the 
result of fiber entanglement. The nonwoven, patterned 
fabric so produced is coherent and stable because the in 
dividual fibers are locked into position in the pattern. 
Because of its exceptionally high strength, this nonwoven 
fabric is particularly useful for many industrial applica 
tions. 

Example 9 
This example illustrates the production of a wool-like, 

triangular-mesh-pattern, nonwoven fabric from fibers of 
polypivalolactone. 
A carded web is prepared from staple fiber (about 1.5 

inches long) from polypivalolactone. The fibers have a 
denier per filament of 3.2 (0.36 tex) and a tensile strength 
of 2.36 g.p.d. (21.2 g/tex). The web is placed on a pat 
terning plate having 0.156-inch diameter holes arranged 
on 0.219-inch staggered centers (46% open area). Using 
the apparatus of FIGURE 1, the web and plate assembly 
is passed under streams issuing from 0.007-inch orifices 
arranged on 0.050-inch centers. The water temperature is 
25 C. and the water pressure is raised incrementally to 
a maximum of 1500 p.s. i. and the web is passed repeatedly 
under the streams at a distance of about 2 to 3 inches 
from the orifices until a clear visual pattern is observed. 
The web is then blotted to remove excess moisture, re 
moved from the plate, dried at room temperature and 
tested. The triangular-mesh-pattern, nonwoven fabric so 
obtained has aesthetic properties similar to those of a 
woven wool or wool blend suitable for use in suitings, 
skirts, blankets, overcoats and the like. Properties of the 
fabric are as follows: 

Fabric Weight (oZ./yd.) ----------------------- 2.8 
Strip tensile strength (Ib./in./oz./yd.) ---------- 3.6 
Elongation (percent) ------------------------- 62.3 
Tongue tear strength (lb./oZ./yd.) ------------- 1.4 
Fiber interlock value -------------------------- 9.7 

Example 10 

This example illustrates the preparation of a square 
mesh-pattern, nonwoven fabric from polyethylene tereph 
thalate continuous filaments. 
A loose web consisting of randomly-disposed continu 

ous filaments of polyethylene terephthalate is placed on a 
10-mesh woven screen having a 56.3% open area and a 
wire diameter of 0.025 inch. Using apparatus of the type 
shown in FIGURE 1, the web while supported by the 
screen is treated with high energy flux, essentially col 
lumnar streams of water issuing from 0.007-inch diameter 
orifices on 0.050-inch centers supplied with water at 1000 
p.s.i.g. pressure. The web is subjected to two passes across 
the web and two passes transverse thereto, while being 
held substantially in contact with the jet face. 
As a result of the treatment, the random web of fibers 

is converted into a patterned sheet on which intersecting 
filament bundles are aligned in a uniform pattern, the 
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30 
intersections being square-shaped areas of fibers en 
tangled with one another to form a stable, coherent and 
durable fabric. The web is allowed to dry on the screen, 
after which it is removed from the screen, examined and 
tested. Properties of the fabric are listed below: 
Fabric Weight (OZ./yd.) -------------------- 2.90 
Strip tensile strength (lbs./in.//oZ./yd.?) ------- 1.57 
Elongation (percent) ----------------------- 147.00 
Initial modulus (lb./in.//oz./yd.) ------------ 0.70 
Bending length (cm.) ----------------------- 3.80 
The entangled areas of the fabric are in a square-mesh 

pattern corresponding to the square openings in the pat 
terning screen, and the sides of the squares are connected 
by substantially parallel bands of fibers which define 
openings corresponding to the locations where wires cross 
in the screen. Especially desirable fabrics-are obtained 
when highly crimped filaments are used in the initial web. 
FIGURE 11 shows a typical portion of such a square 
mesh-pattern, nonwoven fabric after magnification, and 
FIGURE 12 is a drawing of a similarly enlarged portion 
of the patterning screen used in this example. 

Example 11 
This example illustrates the preparation of a highly 

drapable, triangular-mesh-pattern, nonwoven fabric from 
polyethylene terephthalate continuous filaments. 
A web of randomly-disposed, shrinkable, continuous 

filaments of polyethylene terephthalate is used as the 
starting material. The web has a weight of about 1.2 oz./ 
yd. and the filaments have the following properties: 
Denier per filament -------------------------- 1.6 
Tensile strength (g.p.d.) ---------------------- 2.9 
Elongation (percent) ------------------------- 129 
Initial modulus (gp.d.) ----------------------- 24.7 
The wetb is placed on an apertured plate having 0.075 

inch diameter holes on 0.1-inch staggered centers, there 
being 112 holes/in., resulting in an open area of about 
50%. Using the apparatus of FIGURE 1, the web and 
plate assembly is passed under high energy flux streams 
of water issuing from 0.005-inch orifices on 0.025-inch 
centers. The web is passed under the orifices for a total 
of 8 times in each of two perpendicular directions. Dur 
ing the treatment, the water pressure is adjusted to 1000 
p.s. i., the water temperature is 50° C., and the web is 
spaced 2 to 3 inches from the orifices. A strong, tri 
angular-mesh-pattern, nonwoven fabric having a 5% 
secant modulus of about 5 to 6 lbs./in.//oz./yd.2 is ob 
tained. 

This fabric is placed in a chamber containing water at 
85 C. for about 2 to 3 minutes. As a control, filaments 
of the same type as used in the fabric, when subjected to 
the same hot-water treatment, have the following proper 
ties: 

Tensile strength (g.p.d.) ---------------------- 2.67 
Elongation (percent) ------------------------- 163 
Initial modulus (g.p.d.) ----------------------- 21 
The hot water causes the fibers to undergo a linear 

shrinkage of about 30%, whereupon the fabric area 
shrinks about 50%. When removed from the water, the 
fabric is observed to be bulkier and to have a smaller 
size pattern than before. 
After drying, the fabric is placed between two 200 

mesh screens to restrain the fibers and the assembly is 
heated in an air oven at approximately 180°-200° C. for 
1 minute. The fabric now has the following properties: 

Fabric Weight (oZ./yd') ---------------------- 1.82 
Strip tensile strength (lbs./in.//oz./yd.2) --------- 8.2 
Elongation (percent) ------------------------- 160 
5% secant modulus (lbs./in.//oz./yd.2) --------- 0.70 
Bending length (cm.) ------------------------- 1.75 
Fiber interlock value. ------------------------- 33 
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The fabric is observed to be soft, strong, stretchy, 
dimensionally stable, coherent, launderable and highly 
drapable. It is suitable for use in apparel and home 
furnishing areas, such as upholstery, draperies, bed 
spreads, shirts, underwear, socks and the like. 

Example 12 

This example illustrates the preparation of a highly 
drapable, triangular-mesh-pattern, nonwoven fabric from 
spontaneously elongatable fibers. 
A web of randomly-disposed, spontaneously elongat 

able polyethylene terephthalate continuous filaments is 
used as the initial fibrous layer. The filaments are pre 
pared in accordance with the teachings of U.S. Patent No. 
2,952,879 and have a spontaneous elongation of about 
15%. Other properties of the fialments are as follows: 

Tensile strength (g-p.d.) --------------------- 1.9 
Elongation (percent) ------------------------ 238.0 
Initial modulus (g.p.d.) ---------------------- 13.3 
Denier per filament (0.4 tex) ------------------ 3.64 

The starting web is placed on an apertured plate having 
0.077-inch diameter holes arranged on 0.109-inch stag 
gered centers, the plate having 96 holes/sq. in. and an 
open area of approximately 45%. Using the apparatus 
of FIGURE 1, the web and plate assembly is passed 
under streams issuing from 0.005-inch orifices on 0.025 
inch centers at a water pressure of 1300 lbs./sq. in. The 
web is treated in four directions, spaced 45° apart, until 
a well-defined pattern is obtained. The web is then re 
moved from the plate, placed between 200-mesh screens 
and exposed to heat at 200 C. in an air oven. The heat 
serves to develop the spontaneous elongation of the fibers. 
The resulting fabric is highly drapable and is soft, strong 
and well suited for apparel, home furnishings, and other 
conventional fabric uses. Properties of the fabric are 
listed below: 

Fabric Weight (oZ./yd.”) ---------------------- 2.73 
Strip tensile strength (lbs./in.//oz./yd.?) -------- 6.12. 
Elongation (percent) ------------------------- 171 
5% secant modulus (lbs./in.//oz./yd.?) --------- 0.51 
Bending length (cm.) ------------------------- 1.25 
Fiber interlock value ------------------------- 31 

Example 13 

This example illustrates the production of a highly 
drapable, strong, triangular-mesh-pattern, nonwoven fab 
ric from two-component, post-crimpable filaments. It also 
illustrates the production of a flannel-like fabric. 
A web of randomly-disposed, trilobal cross-section, 

two-component filaments prepared from polyhexamethyl 
ene adipamide and polycaproamide (50/50 weight ratio) 
is used as the initial fibrous layer. The web has a weight 
of about 2.1 oz./yd. and is placed on a patterning plate 
having 0.063-inch diameter holes arranged on 0.094-inch 
staggered centers (132 holes per sq. in., 41% open area). 
The web and plate assembly is passed repeatedly back and 
forth under essentially columnar streams of water issu 
ing from 0.005-inch diameter orifices linearly disposed on 
0.025-inch centers, using the apparatus of FIGURE 1. 
During the treatment, the water pressure is increased in 
crementally through the following steps: 25, 100, 300, 
600 and 800 p.s. i., and the water temperature is 60° C. 
The treatment is continued until a nonwoven fabric hav 
ing a triangular-mesh pattern is obtained. The fabric is 
then boiled-off for five minutes during which it undergoes 
an area shrinkage of 12%. 
One portion of the fabric, after drying, is consolidated 

by pressing at 192 C. between smooth platens for 5 sec 
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onds at approximately 300 p.s. i. pressure. Properties of 
both fabrics are as follows: 

After 
Boil-off 

After and Con 
Properties Boil-off solidation 

Fabrig Weight.02.lyd')------------------- 2.01 2.25 
Strip Tensile Strength (lb.info.fyd.)-------- 4.30 4. 53 
Elongation (percent).--------------------------- 15 153 
Initial Modulus (lb.fin-Iloz.fyd?)---------. 1,05 0, 67 
Bending Length (cm.)-------------------------- 1.9 1. 55 

Both of the triangular-mesh pattern, nonwoven fabrics 
so obtained are highly drapable and are suitable for typi 
cal fabric uses, such as apparel and the like. 
A flannel-like fabric with a warm, soft hand is then 

prepared by sanding each side of the above-described, 
consolidated fabric with a 240-grit emery paper to break 
long loops of fibers, shearing the resulting nap of surface 
fibers with barber clippers (000 cutting head), and con 
solidating the sheared structure at 192 C. between 
smooth press platens for 5 seconds at approximately 300 
p.s. i. pressure. 

Example 14 
This example illustrates the production of a highly 

drapable, triangular-mesh-pattern, nonwoven fabric from 
two-component, highly crimped fibers. 

Filaments having a ribbon-shaped cross-section are 
prepared by spinning polyethylene terephthalate and poly 
hexamethylene adipamide (50/50 weight ratio) in side 
by-side relationship through a spinning slot (0.003 inch 
by 0.060 inch), the components being spun at opposite 
ends of the slot. The filaments are then subjected to a 
high temperature treatment which shrinks the polyethyl 
ene terephthalate component to produce filaments having 
about 150 crimps/in. The filaments are then collected in 
the form of a web of randomly-disposed, continuous, 
crimped filaments, the web having a weight of approxi 
mately 1.6 oz./yd.2. 
Two of the above webs (placed one on top of the 

other) are laid on a patterning plate having 0.063-inch 
diameter holes arranged on 0.094-inch staggered centers 
(132 holes per sq. in., 41% open area). The web and 
plate assembly is passed repeatedly back and forth under 
essentially columnar streams of water issuing from 0.005 
inch diameter holes linearly disposed on 0.025-inch cen 
ters, using the apparatus of FIGURE 1. During the treat 
ment, Water pressure to the orifices is raised from 25 to 
100 and finally to 1000 p.si. pressure. The treatment is 
continued until a nonwoven fabric having a clear, distinct 
triangular-mesh pattern is obtained. The fabric is re 
Ag: from the patterning plate, boiled-off, and then 

12. 

One-half of the fabric thus obtained is then placed be 
tween 30-mesh screens under a pressure of about 20 psi. 
for approximately 30 seconds at 185° C., which serves 
to heat-set the fibers and also causes the polyethylene 
terephthalate component to elongate. 

Both of the resulting fabrics are highly drapable and 
flexible, and are suitable for conventional fabric uses, 
particularly apparel uses. Properties of the fabrics are 
as follows: 

"H"-a- - - - - 
After 

Boil-Off 
After and Heat Properties Boil-Off setting 

Fabric Weight (oz.fyd.?)------------------------ 3.28 ... 2 
Strip E. Strength (lb.fin-II 3.4 8; 
Elgngation (percent).----- 209 190 
Initial Modulus (b.in/ 0.8 0.36 
Bending Length (cm.) 1.38 1.23 

"Har-ul-l 

Certain bicomponent fibers, such as the crimped side 
by-side, fibers from polyhexamethylene adipamide and 
polyethylene terephthalate split during treatment with the 
high pressure streams of water, resulting in fine denier 
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fibers which yield more highly entangled products. This 
contributes to the good properties shown above. 

Example 15 
This example illustrates desirable modifications of the 

processsing conditions employed when treating webs of 
different weights in the production of nonwoven, triangu 
lar-mesh-pattern fabrics. 
The initial starting layers are random webs of different 

weights in three series, with a different fiber in each series. 
The fibers include 1.5 d.lp.f. (0.17 tex), 1.5-inch long 
polyacrylic staple (Series A), 1.5 d.p.f. (0.17 tex), 1.5- 
inch polyethylene terephthalate staple (Series B), and 
cotton fibers having a staple length of approximately 1 
inch (Series C). Each nonwoven fabric is prepared by 
placing the initial web on a patterning plate having 0.063 
inch diameter holes on 0.094-inch staggered centers, the 
plate having 132 holes per sq. in. and 41% open area. 
The web and plate assembly is passed under 0.005-inch 
orifices arranged on 0.025-inch centers, and supplied with 
water under pressure, initially at 100 p.s. i., for the num 
ber of passes at each pressure indicated in Table 7. The 
web is initially at a distance of approximately 5 inches 
from the orifices, and the distance is decreased progres 
sively to approximately 1 inch from the orifices at the 
highest pressures. The treatment is continued at incre 
mentally increased pressures until a clear and distinct 
triangular-mesh pattern is obtained. 

Properties of the various fabrics are given in Table 7 
below. It will be observed that the processing condi 
tions used for heavier web weights are made more severe 
by increasing the number of passes to which the web is 
subjected and/or by increasing the maximum pressure of 
the water to provide higher energy-flux streams. 
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in FIGURE 4 with magnification. The fabric is strong 
and coherent. 

Another triangular-mesh-pattern, nonwoven fabric is 
produced in the same manner. Prior to crimping the 
opacity is measured and found to be 31%. The fabric is 
then immersed in boiling water to develop a high crimp 
in the fibers, resulting in a 50% area reduction of the 
fabric. The fabric is then padded in a water dispersion 
of an acrylic resin (10% pickup by weight) and pressed 
at 90 tons/ft2 at 80° C. The opacity of the final struc 
ture is 76% and the fabric thus obtained has a weight 
of 2 oz./yd.?. The fabric is highly drapable, has good 
cover and is well suited for conventional fabric uses 
such as apparel. The appearance of the fabric after mag 
nification is similar to that illustrated in FIGURE 3. 
The fiber interlock value is 11.5. 

Example 17 

This example illustrates the preparation of both tri 
angular-mesh-pattern and square-mesh-pattern nonwoven 
fabric from two-component continuous filaments. 
A web of randomly-disposed continuous filaments, hav 

ing a denier per filament of 3 (0.33 tex) and over 60 
crimps per inch, is used as the initial web. The filaments 
are two-component filaments prepared from polyhexa 
methylene adipamide and polyethylene terephthalate. 
The web is placed on an apertured plate having 0.063 

inch diameter holes on 0.094-inch staggered centers (132 
holes per sq. in., 41% open area) and is treated with 
essentially columnar water streams issuing through 0.003 
inch diameter orifices on 0.025-inch centers, using the ap 
paratus of FIGURE 1. During the treatment the pressure 
is slowly raised from zero to a maximum of 1900 p.s.i. 

TABLE 7 

Strip Processing Conditions 
Fiber Tensile -- 
Inter- Web Strength (Heading: Water Pressure in p.s. i. Body: No. of Passes) Total 
lock Fiber Weight (lblin.II - No. of 

Walue Series (oz.lyd.2) oz.fyd.2) 100 200 300 400 500 800 900 1,000 1,200 Passes 
- A 0.74 6.8 1 -- 1 -------- 7 
- A 1.54 7.1. 1 - - - 4 10 
- A 1.90 8.8 2 -- 6 
20 B 09 7.25 1 ------ 2 -------- O 
24 B 1.82 1.8 4. 1. 
- B 2.07 14.9 5 0 
- B 2.56 13.9 6 11 
9.4 C 0.55 i. 18 2 2------------ 2 8---------------------- 9. 
9.4 C 0.96 3.74 5 10 
- C 1.75 6.8 6 1. 
- C 2.2 7.15 4 9 

Example 16 The web is passed under the streams until a clear, distinct 

This example illustrates the preparation of a triangular 
mesh-pattern, nonwoven fabric from two-component, 
continuous filaments followed by treatment of the web to 
close up the pattern and increase the cover of the fabric. 
A web of randomly-disposed, continuous filaments hav 

ing a denier per filament of 3 (0.33 tex) is used as the 
initial fibrous layer. The web is prepared from two 
component, post-crimpable filaments having polyhexa 
methylene adipamide as one component, and a copoly 
amide of hexamethylene adipamide and hexamethylene 
sebacamide units as the other component. The web is 
placed on a patterning plate having 0.063-inch diameter 
holes on 0.094-inch staggered centers (132 holes per sq. 
in. and 41% open area) and is passed under essentially 
columnar streams issuing from 0.005-inch orifices on 
0.025-inch centers at pressures up to 500 p.s. i. maximum. 
The web is passed under the streams until a clear, dis 
tinct, nonwoven pattern is formed. The fabric is then 
immersed in hot water until a crimp is developed in the 
fibers and there is a 25% reduction in the area of the 
fabric. The appearance of a typical portion of the fabric 
is shown in FIGURE 3 at 40X magnification. The extent 
to which crimping closes up the pattern is apparent when 
the fabric is pulled taut to straighten the fibers, as shown 
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pattern is formed and the filaments are firmly entangled. 
A typical portion of the resulting fabric is shown in 
FIGURE 6 at low magnification. Properties are as 
follows: 

Initial Product 
Property Web 

Sample Weight (0Z.fyd.)----------------------- 1, 9 2.0 
Strip Tensile Strength (b.fin-flozlyd.).--------------------- 2.7 
Grab Tensile Strength (lbs.).-------...-. 5.7 12.9 
Grab Elongation (percent) -- rm 470 64 
Fiber Interlock Value--------------------------------------- 6 

Examination of the product reveals that it is a strong, 
coherent, triangular-mesh-pattern fabric, fibers of which 
are so highly entangled that the structure cannot be 
pulled apart without rupturing fibers. The extent to 
which the fibers have interlocked is evident from the 
properties of the fabric. It is noted that when the fabric 
is subjected to the grab tensile test it ruptures by breakage 
of the filaments, the break being abrupt and the web re 
taining its triangular-mesh-pattern structure under stress. 
FIGURE 7 shows the appearance of the fabric after rup 
ture in the grab tensile test. 
The above observations also apply to fabric produced 

on other types of apertured plates. When the example is 
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repeated, but using an apertured plate having 0.079-inch 
holes aligned on 0.125-inch centers in straight rows and 
columns, instead of staggered holes, a corresponding 
superiority results from following the previous procedure. 
The appearance of the fabric obtained in this way is 
shown in FIGURE 9 at moderate magnification. The 
compact masses of entangled fibers are centered on the 
corners of squares and are interconnected by heavy fiber 
bundles aligned with the sides of the squares, giving a 
square-mesh pattern. Smaller interconnecting fiber bun 
dles extend across the diagonals of the squares to provide 
strength in all fabric directions and a pleasing appearance. 

Example 18 

This example illustrates the preparation of triangular 
mesh-pattern, nonwoven fabrics from steel wool for use 
as scouring pads and the like. 
Two commercially produced, Number 000 grade steel 

wool batts are cross-lapped and placed on a patterning 
plate having 0.156-inch diameter holes arranged on 0.188 
inch staggered centers (63% open area). The batt and 
plate assembly is passed under essentially columnar 
streams of water issuing from 0.007-inch orifices on 
0.050-inch centers, using the apparatus of FIGURE 1. 
The pressure is increased to a maximum of 1500 p.s.i. 
and the treatment is continued until a clear, distinct pat 
tern is obtained. The product is then removed from the 
patterning plate and is found to be a coherent, strong, 
triangular-mesh nonwoven fabric of steel wool. These 
properties make it superior for use as a scouring pad or 
other uses of conventional steel wool. 

In a similar manner, a fiber-surfaced steel-wool fabric 
is obtained by placing a web of randomly-disposed con 
tinuous filaments of polyethylene terephthalate, the web 
having a weight of about 2 oz./yd., above or below the 
steel wool layer and subjecting the composite to the 
action of essentially columnar fluid streams as described 
above. In the triangular-mesh fabrics thus obtained, the 
steel wool and the polyethylene terephthalate filaments 
are thoroughly interentangled with one another to form 
a coherent, stable, unitary product. 

Example 19 

This example illustrates the preparation of a film-lami 
nated, triangular-mesh-pattern, nonwoven fabric suitable 
for use as apparel-type fabric. 
Two triangular-mesh-pattern fabrics are prepared from 

webs of randomly-disposed, two-component, continuous 
filaments composed of equal weights of polyhexamethyl 
ene adipamide and a copolyamide of hexamethylene adip 
amide and hexamethylene sebacamide units (50/50). In 
each instance, the initial layer has a web weight of about 
0.5 oz./yd and is placed on a patterning plate having 
0.0625-inch diameter holes on 0.094-inch staggered cen 
ters (132 holes per sq. in. and 41% open area). Using 
the apparatus of FIGURE 1, the web and plate assembly 
is treated with essentially columnar streams of water 
issuing from 0.005-inch orifices on 0.025-inch centers at 
a distance of 3 to 4 inches from the orifices. A low water 
pressure is used to wet down the web, after which the 
water pressure is increased incrementally to a maximum 
of about 1000 p.s.i. Treatment is continued until a clear, 
distinct nonwoven pattern is obtained. 
A piece of 0.004-inch polyethylene film is sandwiched 

between the two triangular-mesh-pattern, nonwoven fab 
rics so obtained. The composite is pressed at 130° C. 
for two minutes at 300 p.s.i. to fuse the polyethylene 
and laminate the sheets together. The laminate is then 
subjected to mechanical working by hand. The resulting 
structure is a triangular-mesh-pattern, nonwoven fabric 
which is highly drapable and fabric-like. The polyethyl 
ene enhances the surface stability of the fabric. The prod 
uct has a fiber interlock value of 17. 
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Example 20 

This example illustrates the production of a more 
drapable, triangular-mesh-pattern, nonwoven fabric by 
using an aqueous detergent as the fluid. 
A web of randomly-disposed, two-component contin 

uous filaments, composed of equal weights of polyhexa 
methylene adipamide and a copolyamide of hexamethyl 
ene adipamide and hexamethylene Sebbacamide units 
(50/50), is used as the initial layer. The filaments have 
a denier per filament of 3 (0.33 tex) and the web has a 
weight of about 3 oz./yd... The web is placed on a pat 
terning plate having 0.063-inch holes on 0.094-inch stag 
gered centers (132 holes per sq. in. and 41% open area). 
Using the apparatus of FIGURE 1, the web is treated 
with essentially columnar streams from 0.005-inch orifices 
(0.025-inch centers) at 3 to 4 inches from the orifices. 
The web is wet down at low pressure; then the pressure 
is increased incrementally to 1200 p.s.i. The web is sub 
jected to a total of 10 passes under the streams, the 
passes being in two perpendicular directions. One fabric 
is prepared using water as the liquid; another is prepared 
using a 0.1% solution of a commercial liquid laundry 
detergent. 
The as-prepared fabrics are rinsed, boiled-off for 5 

minutes, dried and tested. Properties are given below. 
Both nonwoven, patterned fabrics have approximately 
the same tensile strength but the fabric prepared by using 
the detergent is more drapable and has a higher tear 
strength. 

Water Detergent 
Fabric Weight (oz.fyd.)------------------------ 3.4 3.4 
Strip Tensile Strength (lbs.fin.lioz.fyd.?) 3.36 3.29 
Elongation (percent).....-- 108 133 
5% Secant Modulus (lbs./inflozlyd 0.31 0.17 
Tongue Tear Strength (lbs./oz.fyd.2). 0.60 .04 
Bending Length (cm.).--------------- - - - 1. A0 1,36 
Fiber Interlock Value--------------------------- 0.8 1.2 

Example 21 
This example illustrates the use of short cellulosic fibers 

in combination with staple fibers to produce special effects 
in triangular-mesh-pattern, nonwoven fabrics. 
Nonwoven fabrics are prepared from three different 

initial webs using the apparatus of FIGURE 1 and the 
following processing conditions: 
Orifice size-0.005 inch (0.025-inch centers) 
Spacing of web from orifice-3 to 4 inches 
Patterning plate-0.156-inch diameter holes, 0.188-inch 

Staggered centers, 63% open area 
Water pressure-0 to 1200 p.si., increased incrementally 
Passes-5 in one direction and 5 perpendicular thereto 

for a total of 10. 

For Sample A the initial web is a carded batt (about 2 
oz./yd.”) of 1.5 denier per filament (0.17 tex) polyethylene 
terephthalate staple fiber (1.5 inch). 

For Sample B, a commercially available facial tissue is 
laid on a similar staple batt and the composite is passed 
under the streams. 

For Sample C a commercially available paper towel is 
laid on a similar staple batt and the composite is passed 
under the streams. 

Triangular-mesh-pattern, nonwoven fabrics of good 
properties are obtained in each instance. In the prepara 
tion of these fabrics, the short paper fibers used in the 
overlays of Samples B and C appear to assist in pattern 
formation and definition. They are observed to be inter 
entangled with the staple fibers in the compact masses or 
nubs of entangled fibers formed over holes of the pattern 
ing plate. Unexpectedly, the shorter fibers increase the 
over-all strength of the web as can be seen from the 
properties tabulated below. When the fabrics are sub 
jected to 5 washings in a household washing machine, 
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of the agitator type, there is no loss of the short fibers 
(as evidenced by the fact that no weight loss occurs). 

Sample--------------------------------------- A. B C 

Overlay of paper fibers.---- None Tissue Towel 
Fabric Weight (02.fyd.')---------------------- i., 44 1.73 2.87 
Strip Tensile Strength (lbs.finilloz.fyd.). 4.45 5.93 6, 85 
Elongation (percent)------------------------- 70 65 68 
Initial Modulus (lbs.fin-floz.fyd.2). 2.. O 4.4 6.4 
Bending Length (cm.)- 2.10 2.15 2.20 
Fiber Interlock Value---- 29 31 24 

If desired, various designs can be achieved by working 
the overlay fibers into the pattern in certain areas only, or 
into certain nubs only, or into the bundles between nubs to 
produce special effects. Blends of different types of fibers, 
e.g., absorbent and nonabsorbent fibers, provide products 
having advantages of both. Other specialty fabrics can be 
obtained by converting the short fiber webs into patterned 
fabrics and then attaching these by entanglement to ran 
dom, nonpatterned webs. 

Example 22 
This example illustrates the preparation of a triangular 

mesh-pattern, nonwoven fabric combining continuous fila 
ments with short fibers from a synthetic fiber paper. 
A nonwoven fabric is prepared from a Web (about 2 

oz./yd.?) of randomly-disposed, spontaneously elongat 
able, polyethylene terephthalate continuous filaments hav 
ing a denier per filament of about 4 (0.44 tex). The fila 
ments are prepared in accordance with the teaching of 
U.S. Patent No. 2,952,879 and have a spontaneous elon 
gation of about 20%. The fabric (Sample A) is prepared 
using the apparatus of FIGURE 1 and the following proc 
essing conditions: 
Orifice diameter-0.005 inch (0.025-inch centers) 
Spacing of web from orifice-3 to 4 inches 
Patterning plate-0.063-inch diameter holes, 0.094-inch 

staggered centers, 132 holes per Sq. in. and 41% open 
ac 

Water pressure-0 to 1000 p.s. i., raised incrementally 
Passes-5 in one direction and 5 perpendicular thereto for 
a total of 10 passes. 
Using the same processing conditions, a nonwoven fab 

ric (Sample B) is then prepared from a composite con 
sisting of a synthetic-fiber paper overlay on a web as de 
scribed above, the composite being placed on the pattern 
ing plate with the web adjacent the plate. The paper sheet 
comprises 80% by weight of 0.25-inch polyethylene 
terephthalate staple fibers and 20% of fibrids of a copoly 
ester of 80% ethylene terephthalate and 20% ethylene 
isophthalate. The preparation of papers from fibrids and 
staple fibers is described in U.S. Patent No. 2,999,788. 
During the treatment, the original continuity of the paper 
is destroyed and the components of the paper are caused 
to entangle with and realign with the filaments of the web 
thereby forming a triangular-mesh-pattern, nonwoven fab 
ric. It is observed that the shorter fibrous components are 
predominantly concentrated in the compact masses of the 
fabric. 

Samples A ad B are then pressed between a rubber sheet 
and a 40-mesh screen at 170° C. for one minute, the tem 
perature being sufficient to cause the spontaneously elon 
gatable fibers to elongate but insufficient to fuse the fibrids 
of Sample B. Both triangular-mesh-pattern, nonwoven 
products are soft, strong and drapable and well suited for 
conventional fabric uses. Properties are given below. 

Sample------------------------------------------------- A. B 

Fabric Weight (oZ.lyd.')-------------------------------- 1, 90 2.17 
Strip Tensile Strength (lbs./in.lioz.fyd.?)---------------- 1.18 3.68 
Elongation (percent)----------------------------------- 99 158 
5% Secant Modulus (lbs.fin-floz.fyd.?)-...----------------- 0.42 1.11 
Bending Length (cm.)---------- 1.72 
Tongue Tear Strength (lbs.l.oz.fyd. 4, 23 
Thickness (inch)------------------- 0.019 
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Example 23 

This example illustrates the use of short fibers from a 
synthetic fiber paper in combination with continuous fila 
ments to produce triangular-mesh-pattern, nonwoven 
fabric having special properties. 

Using the apparatus of FIGURE 1, a nonwoven fabric 
(Sample A) is prepared from a web of randomly-disposed, 
postcrimpable, two-component continuous filaments of 
50% polyhexamethylene adipamide and 50% of a copoly 
amide of hexamethylene adipamide and hexamethylene 
sebacamide units (50/50 weight percent). The filaments 
have a denier per filament of about 3 (0.33 tex) and the 
web has a weight of about 2 oz./yd.2. Processing condi 
tions are as follows: 

Orifice diameter-0.005 inch (0.025-inch centers) 
Spacing of web from orifices-3 inches 
Patterning plate-0.156-inch diameter hole, 0.188-inch 

staggered centers, 63% open area 
Water pressure-0 to 1000 p.s. i., increased incrementally 
Passes-5 in one direction and 5 perpendicular thereto 

for a total of 10. 

Using the same process conditions, two additional non 
woven fabrics (Samples B and C) are prepared. Sample 
B is prepared from a composite consisting of a similar 
continuous filament web as base layer (adjacent to the 
patterning plate) and a paper overlay (approximately 0.5 
oz./yd.) prepared from polyhexamethylene adipamide 
staple fibers (65%) and fibrids (35%) of a copolyamide 
of 20% hexamethylene adipamide and 80% caprolactam 
units. Sample C is made from a similar composite having 
2 layers of paper instead of one. Preparation of papers 
from fibrids is described in U.S. Patent No. 2,999,788. Dur 
ing the treatment the paper is separated into its fibrous 
components, which are realigned with and entangled with 
the continuous filaments of the web. It is noted that the 
fibrous components of the paper tend to concentrate in 
the compact masses. 

Samples A, B and C are then immersed in boiling water 
for five minutes, during which the fibers crimp and close 
up the pattern thereby densifying the fabric. All of the 
fabrics are soft, strong and drapable and are suitable for 
conventional fabric uses, particularly apparel uses. Sam 
ples B and C fabrics, while having approximately the 
same level of drape as Sample A, exhibit a lesser tendency 
to stretch and thus more nearly resemble a woven fabric, 
whereas Sample A more nearly resembles a knitted fabric. 
Properties of the fabrics are given below. 

Sample--- A. B C 

Overlay---------------- --- None 1 layer 2 layers 
Fabric Weight (oz.fyd.?)-------------------- 1.85 2.45 3.06 
Strip Tensile Strength (lbs.fin.lioz.fyd.). -- 5.75 5.38 5.06 
Elongation (percent) 132 35 18 
Thickness (inch) --- 0.024 0.029 0.034 
Bending Length (c. 1, 0 1. 1.3 
5% Secant Modulus (lbs./in.lioz.fyd.2)-- 0.07 0.13 0.46 
20% Secant Modulus (bs.fin.lioz.fyd.?)------ 0.44 52 3.42 
Fiber Interlock Value----------------------- 2. 24 9 

Example 24 
This example illustrates the production of nonwoven 

fabric having one pattern superimposed on another. 
A web of randomly-disposed continuous filaments is 

converted to a triangular-mesh-pattern, nonwoven fabric 
using the apparatus of FIGURE 1 and the following con 
ditions: 

Orifice diameter-0.005 inch (0.025-inch centers) 
Spacing of web from orifices-3 to 4 inches 
Patterning plate-0.063-inch diameter hole, 0.094-inch 

staggered centers, 132 holes per sq. in., and 41% open 
aca 

Water pressure-0 to 1000 p.s. i., increased incrementally. 
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The treatment is continued until a clear distinct tri 
angular-mesh pattern is obtained. The fabric is then re 
moved from the above described plate, transferred to a 
5 mesh screen, and treated again with high-energy-flux 
streams in the same fashion. The fabric is then blotted to 
remove excess moisture, removed from the screen and 
dried. The nonwoven fabric now exhibits a pattern of re 
peating triangles (approximately 0.094 inch on a side), 
onto which is superimposed a pattern of repeating squares 
(approximately 0.25 inch on a side). The fiber interlock 
value is 15. 
A product wherein two patterns can be observed can 

also be prepared by treating a web on a patterning screen 
which has one pattern superimposed on another. For ex 
ample, a 40 x 40 mesh (wires/inch) patterning screen is 
embossed by pressing the screen between a wood block 
and an 8 x 8 mesh screen. The 40 mesh screen thus has 
superimposed on it a number of dents (8 per inch in each 
direction) corresponding to the knuckles of the 8 x 8 
screen. When a 2.5 oz./yd.? web of acrylic fibers (1.5 
inches) and rayon fibers (0.25 inch) is placed on the 
modified screen and treated with columnar jets of liquid 
at high pressure, a patterned nonwoven fabric having a 
pattern of thick entangled fiber areas, at a spacing of 8 
per inch corresponding to the dents, is obtained. In the 
thinner remainder of the fabric, between these thick en 
tangled areas, the pattern of the 40 mesh screen is seen. 
A similar product is made if the web weight is increased 
to 3.5 oz./yd.2 and this product has greater covering power 
than the 2.5 oz./yd. product. 
A product having a thick/thin pattern is obtained by 

using high pressure, columnar streams of water to treat 
a 3 oz./yd.2 web of acrylic/rayon (50/50) fibers sup 
ported on a modified screen. In this instance, the screen 
is a 100 x 100 mesh screen which has been embossed by 
being pressed against a plate having 11 grooves per inch 
in one direction and 5.5 grooves per inch in the direction 
perpendicular to the first direction, the plate surface hav 
ing elongated wedge-shaped projections having 0.020 
inch x 0.110 inch “lands'. The embossed screen has dents 
which are 0.027 inch deep and correspond to the projec 
tions of the plate. The nonwoven product has a pattern 
of interconnected entangled fiber areas corresponding to 
the embossed dents; no pattern corresponding to the 
100 x 100 mesh screen surface is visible. 

Example 25 

This example illustrates the production of a triangular 
mesh-pattern, nonwoven fabric of acrylic fibers. It also 
demonstrates the effect of water temperature on proceSS 
ing acrylic fiber webs. 
Two carded batts of commercial acrylic staple fibers 

having a length of 1.5 inch and a denier per filament of 
1.5 (0.17 tex) are converted to nonwoven fabrics using 
the apparatus of FIGURE 1 and the following conditions: 
Orifice diameter-0.005 inch (0.025-inch centers) 
Spacing of web from orifices-3 to 4 inches 
Patterning plate-0.156-inch diameter holes, 0.188-inch 

staggered centers, 63% open area 

Water pressure-0 to 1000 p.s. i., increased incrementally 
Passes-5 in one direction and 5 perpendicular thereto, 

for a total of 10. 

Each carded batt has a weight of about 2 oz./yd.. Batt 
A is processed using water at a temperature of 20 C., 
and batt B is processed using water at a temperature of 
50° C. In both instances a strong, triangular-mesh-pattern, 
nonwoven fabric is obtained. It is noted that with the 
use of hot water, which apparently exerts a plasticizing 
action on the fibers, thereby increasing their mobility, a 
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strength are achieved. Properties of the fabrics are given 
below. 

A. B 

Fabrig Weight (0Z.lyd')---------- 2.30 2.88 
Strip Tensile Strength (lbs.fin-floz.fyd.?) 3.88 4,77 
Elongation (Percent) -- 45 50 
5%. Secant Modulus (lbs 0.96 1.19 
Fiber Interlock Value----------------- 8 16 

The beneficial effect which the use of hot "water has, on 
the ease of production of patterned, nonwoven fabric from 
acrylic fibers, increases as the pattern size decreases. Thus 
the use of hot water makes it possible to produce strong 
acrylic fiber fabrics on finer-mesh screens and/or pattern 
ing plates than would otherwise be possible. 

Example 26 

This example illustrates the production of an excep 
tionally drapable triangular-mesh-pattern, nonwoven 
fabric from relatively straight acrylic fibers. 
A batt (approximately 2 oz./yd.?) of commercially 

available 1.5-inch acrylic fiber staple having a denier per 
filament of 1.5 (0.17 tex) is placed on a patterning plate 
having 0.075-inch diameter holes arranged on 0.1-inch 
staggered centers (112 holes per sq. in., and 50% open 
area). Using the apparatus of FIGURE 1, the web is sub 
jected to essentially columnar streams of water (50° C.) 
from 0.005-inch orifices (0.025-inch centers) for a total 
of 10 passes (5 in each of two perpendicular directions). 
During the treatment, the water pressure is raised incre 
mentally from 0 to 1000 p.s. i. and the web is processed 
at a distance of 3 to 4 inches from the orifices. The 
resulting triangular-mesh-pattern, nonwoven fabric is im 
mersed in boiling water for about five minutes, dried and 
tested. It is a strong fabric which is exceptionally drapa 
ble and thus particularly suitable for apparel uses. Prop 
erties are given below: 

Fabric Weight (oZ./yd.”) ---------------------- 2.20 
Strip tensile strength (lbs./in.//oz./yd.?) -------- 4.35 
Elongation (percent) ------------------------- 61 
5% secant modulus (lbs./in.//oz./yd.) --------- 0.31 
Bending length (cm.) ------------------------- 1.53 
Fiber interlock value ------------------------- 19 

Example 27 

Uncrimped rayon fibers of 1.56 inch (3.94 cm.) length 
and 1.5 d.p.f. are made into a web weight of 1.2 oz./yd. 
(41 g/m.) of randomly oriented fibers by an air deposi 
tion process using a random-laydown machine. 
The above web is placed on a 20 x 20 mesh per inch 

(per 2.54 cm.) plain woven screen (36% open area) and 
passed under a row of substantially cylindrical, unbroken 
vertical jet streams of water. The streams are produced by 
a row of funnel-shaped orifices spaced 40 per inch (per 
2.54 cm.) located in a manifold. The water enters the 
cylindrical portion of the orifice 5 mils (0.13 mm.) in 
diameter and about 1 mill (0.025 mm.) long and exits as 
a stream from the frusto-conical portion which is about 
11 mils (0.28 mm.) long and has a diameter of about 
15 mils (0.38 mm.) at the exit edge of the cone. 

Items a to f are made using 1 pass each at 400 and 
500 p.s.i.g. (28 and 35 kg./cm.) at the speed given 
below. Items e and f have minor differences in the fiber 
denier as noted. 
Sample a is prepared with the orifices 0.75 inch (1.9 

cm.) above the fiber layer, Samples b-f are made in the 
same manner as Sample a, but with the orifices located 3 
inches (7.6 cm.) above the web. It is observed that the 
jets are much more efficient at this greater distance and 
it is reasoned that the chance relation between streams 

clearer and more distinct pattern and a higher tensile 75 and wires is emphasized at the closer orifice-web distances 
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where the streams are more columnar. Properties of the 
resulting patterned nonwoven fabrics are given below: 

42 
each successive rotation, the drum is moved horizontally 
approximately 2 inches and the treatment is continued 
until the entire web is processed under the streams. A non 

Item-------------------------------- a b c di e f woven fabric is obtained which has a triangular-mesh 
Fiber (d.p.f.)----------------------- is is is is or so pattern and is strong, stable and coherent. The fiber inter 
Yet Rigiri: ; ; ; ; ; ; ; ; ; ; ; ; lock value is 21. EEE E". 0.2i 0.2 0.46 054 o 0.41 Example 30 
Eagles Riley. i. : 23 2. : This example illustrates the production of an acrylic 
Fiber interlock value------ 7.0. 7.9 12, 13 8.5 fiber, triangular-mesh-pattern, nonwoven fabric having a 

10 very high degree of surface stability. 
Washing tests are carried out on samples measuring A carded batt (2 oz./yd.2) of commercially available 

approximately 8 inches x 10 inches (20 x 25 cm.) by im- acrylic fiber staple (1.5 inch) having a denier per filament 
mersing them in water, removing the excess water by of 1.5 (0.17 tex), as the initial fibrous layer, is converted 
Wringing by hand and then vigorously wiping a smooth to a triangular-mesh-pattern fabric using the apparatus of 
Surface approximately a yard Square, such as a black- 15 FIGURE 1 and the following processing conditions: 
board or mirror. The samples are then rinsed in water, ad 
Wrung out by hand and hung up to air dry. Samples are Orifice diameter 0.005 inch (0.025-inch centers) 
judged not to be useful if they leave clumps of fibers on Water pressure-0 to 1200 P.S.1. increased incrementally 
the wiped surface, or if large masses of loose fibers are Passes-5 in one direction and 5 perpendicular thereto for 
apparent on the surface of the fabric after drying. If 20 total of 19 
the latter occurs, it is also noted that the pattern has Patterning plate-0.075-inch diameter holes, 0.1-inch 
almost completely disintegrated. staggered centers, 112 holes per sq. in, and 50% open 

All of the above products are judged to be useful when Ca 
evaluated in this manner. Other fabrics made in a similar During the treatment the layer of fibers on the patterning 
manner but under milder conditions so that they have fiber 25 plate is gradually moved closer to the orifices, the spacing 
interlock values of less than 6.5 have been found un- of the fiber batt from the orifices being about 3 inches 
satisfactory in this washing test. at the beginning of the process and the surface of the layer 

Example 28 being Substantially in contact with the orifices at the final 
This example shows a modification of the process 30 The resulting triangular-mesh-pattern, nonwoven fabric 

wherein a fiber web is passed on a drum covered with the is removed from the patterning plate, turned over, re 
wire screen of Example 27 under 2 to 4 banks of orifices. placed on the plate, and subjected to 8 passes under the 
The orifices in rows 1 and 2 are identical to those of above described streams at 1200 p.s. i. on the reverse side. 
Example 27 and at the same spacing. Rows 3 and 4 con- The final product is a strong coherent fabric, the appear 
tain funnel-shaped orifices with a 7 mil (0.18 mm.) di- 35 ance being as illustrated in FIGURE 8 on both sides. The 
ameter cylindrical portion and are spaced 40/inch also. fabric has a fiber interlock value of 21. The fabric is sub 

Each sample is made by forwarding the web on the jected to a 20-minute cycle wash in a commercially avail 
drum beneath orifices spaced 0.25 inch (6.3 mm.) above able, household washing machine of the agitator type, 
the web at the speed given in Table 8. All webs have using hot water (about 50° C.) and laundry detergent. 
the same weight and use the 1.5 dip.f. rayon of Example 40 Eight conventional-woven hand towels (total weight of 
27. Different fiber lengths are used. Results are given in 1 lb.) are added to the wash to more nearly simulate nor 
Table 8. mal washing conditions and to provide a source of lint. 

All items (a-e) are well patterned, aperture products After washing, the fabric is dried in a hot-air tumble drier 
which pass the washing test of Example 27. for 15 minutes. This procedure is repeated for a total of 

TABLE 8 

Pressure (p.s.i.) in 
Fibe Web OWS- Treatment Fiber 

Length, Speed, -- Energy, Interlock 
Item inches y.p.m. 2 3 4 HP-hrs.Ib. (c) (f) Tensile Walue 

8-- - - - - - - - - 56 3 200 300 400 400 1.04 0.66 22 3.0 5 
b--------- 56 3 400 500 0 0 0. 50 0.62 19 2.5 12 
C-- - - - - - - - - 0.75 3 400 500 0 0 0.50 0.47 19 1.5 
d--------- 0.7510, 25 4 500 600 0 O 0.50 0,33 25 1.5 8.8 
8-- - - - - - - - - 1.56/0.25 4 300 400 500 0 0.47 0.41 2. . 38 8.0 

Example 29 55 15 washings and 15 dryings. There is no evidence of Sur 
face pilling or pattern destruction, demonstrating the ex 

This example illustrates the continuous production of a cellent surface stability of the fabric. 
triangular-mesh-pattern, nonwoven fabric involving uni- Nonwoven fabrics having a high resistance to pilling 
directional treatment. and fuzzing can also be obtained by incorporating brittle 
A web of randomly-disposed, continuous filaments of fibers (staple or continuous filament) at the surface(s) 

polyethylene terephthalate is used as the initial web. The of the fabric prior to treatment with the liquid jets. By 
web is wrapped around a hollow drum having a diameter “brittle' is meant low molecular weight synthetic fibers 
of 12 inches and an apertured face which is 6 inches wide such as polyethylene terephthalate or other fibers such as 
and contains 0.063-inch diameter holes arranged on 0.094- cotton which fibrillate under the high velocity liquid en 
inch staggered centers (132 holes per sq. in., and 41% tangling conditions. Suitable are the fibers of polyethyl 
open area). Using the apparatus of FIGURE 1, the drum ene terephthalate of relative viscosity ranging from 13.5 
is axially aligned with the manifold and is positioned for to 16.5 described in Christens et al., U.S. Patent No. 
rotation beneath the manifold orifices with the drum face 3,104,450. Fibers of polymers of relative viscosity below 
spaced about 2 inches from the orifices. The manifold is that range, e.g., about 11, or above it can also be used. 
2 inches long and contains 0.005-inch orifices spaced on 70 Surfacing with cellulosic fibers (rayon, cotton or acetate), 
0.025-inch centers along its length. The drum is rotated and their blends with low relative viscosity polyethylene 
while essentially columnar streams issuing from the ori- terephthalate staple, also improves the surface stability of 
fices impinge on a 2-inch section of web at one end of the base webs, for example, of continuous polypropylene or 
drum, the water pressure being incrementally increased to polyethylene terephthalate filaments. Particularly attrac 
a maximum of 1000 p.s. i. as the drum is rotated. After 75 tive fabrics are obtained by placing a 0.3 oz./yd. overlay 
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of randomly disposed, 1.5 dip.f., low relative viscosity 
(12.5) polyethylene terephthalate staple on each side of a 
web of randomly disposed, spontaneously elongatable, 
continuous filaments of polyethylene terephthalate, then 
hydraulically patterning and entangling the composite, and 
finally heat setting at 200 C. between screens to elongate 
the filaments about 10%. 

Triangular-mesh-pattern, nonwoven fabrics having ex 
ceptional surface stability are also prepared by the above 
procedure, but without treating the reverse side of the 
fabric when the initial fibrous layer includes very short 
fibers which are interentangled with the longer fibers. 
Thus, fabrics prepared from composites obtained by over 
laying ordinary commercial facial tissue on the initial 
staple fiber batt show no evidence of pilling after 15 
washings and 15 dryings as described above. 

Example 31 
This example illustrates the preparation of a non 

woven fabric having annular masses of entangled fibers 
arranged in a regular pattern and interconnected by 
linking bundles spaced 60 apart around the annular 
fiber masses. 
A web of randomly-disposed, two-component, con 

tinuous filaments is used as the initial fibrous layer. The 
filaments have polyhexamethylene adipamide as one 
component and a copolyamide of hexamethylene adipa 
mide and hexamethylene sebacamide units as the other 
component. The filaments have a denier per filament of 
3 (0.33 tex). 
The patterning plate has 0.172-inch diameter holes 

arranged on 0.188-inch staggered centers. A second plate, 
having 0.125-inch diameter cylindrical projecting mem 
bers arranged on staggered centers such that they regis 
ter with the holes of the patterning plate, is placed under 
the patterning plate such that the projections are cen 
tered within the holes of the patterning plate and pro 
trude 0.125 inch above the top surface of the patterning 
plate. The resulting patterning-plate assembly is thus 
provided with annular openings (0.125-inch inside diam 
eter and 0.172-inch outside diameter). 
The web is placed on this assembly and, using the 

apparatus of FIGURE 1, is exposed to high-energy-flux 
water streams issuing from 0.005-inch orifices on 0.025 
inch centers. During the treatment, water pressure is in 
creased from 0 to 1000 p.s.i.g. and the web and plate 
assembly is passed under the streams at distances rang 
ing from 4 inches to 0.5 inch from the orifices. Treat 
ment is continued until a distinct pattern is obtained. 
The resulting fabric is removed from the plate, dried 
and tested. It is observed that the fabric has annular 
masses interconnected with one another by linking bun 
dles of fibers, the masses corresponding to the annular 
openings in the patterning-plate assembly. Properties are 
as follows: 

Weight (ozyd") ----------------------------- 1.3 
Strip tensile strength (lbs./in.//oz./yd?) -------- 5.7 
Tongue tear strength (lbs./oz./yd.) ------------- 2.7 
Bending length (cm.) ------------------------- 1.7 
Fiber interlock value -------------------------- 28 

Example 32 
This example illustrates the use of vacuum to assist in 

removal of water and to facilitate patterning. 
The initial web is composed of two-component, 3 

denier per filament (0.33 tex), randomly-disposed con 
tinuous filaments. The filaments are composed of poly 
hexamethylene adipamide as one component and a co 
polyamide of hexamethylene adipamide and hexamethyl 
ene sebacamide units as the other component. 
A patterning plate, having 0.156-inch diameter holes 

on 0.188-inch staggered centers, is affixed to a vacuum 
box. The web is placed on the plate and wetted down 
with streams of water. Vacuum equivalent to 22 inches 
of water is applied on the underside of the plate. 
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44 
The web and plate assembly is then exposed to 10 

passes under high energy flux streams of water issuing 
from 0.005-inch orifices on 0.025-inch centers, using the 
apparatus of FIGURE 1. Water pressure is 1500 p.s. i. and 
the web is treated with the streams in only one direction 
while being spaced 0.25 inch from the orifices. 
The resulting fabric has a weight of 2.7 oz./yd.? and a 

strip tensile strength of 6.3 lbs./in.//oz./yd.?. The web 
has a clear distinct, triangular-mesh pattern. The effect 
of the vacuum in assisting in the development of the pat 
tern can be observed during processing. 

In a similar experiment, two webs are converted to 
triangular-mesh-pattern, nonwoven fabrics under the 
same conditions except that web A is processed without 
the use of vacuum and web B is procesesd with the use 
of vacuum. Properties of both fabrics are given below. 

Fabric A Fabric B 

Weight (oz.fyd')-------------------------------- 1.26 1.8 
Strip Tensile Strength (lbs.finiloz.fyd.?)-------- 4.6 5.4 
5%. Secant Modulus (libs.Fin.lioz.fyd.). - 1.3 1.9 
20% Secant Modulus (lbs.fin-floz.fyd.2).--- 2.9 5.7 
Tongue Tear Strength (lbs./oz.fyd.).---------- 2.0 2.3 

Example 33 
This example illustrates the production of polyethyl 

ene terephthalate fiber, triangular-mesh-pattern, non 
woven fabrics having particularly high surface stability. 
A random web of polyethylene terephthalate continu 

ous filaments, which are capable of shrinking 30% in 
length upon exposure to hot water at 85 C., is used as 
the initial web. The web has a weight of 1.25 oz./yd. 
and is placed between two batts (0.5 oz./yd. each) of 
carded staple fibers of polyethylene terephthalate. The 
assembly is then placed on a paterning plate having 
0.077-inch diameter holes on 0.109-inch staggered cen 
ters (96 holes per sq. in., and 45% open area). 

Using the apparatus of FIGURE 1, the web assembly 
is then treated with the high-energy-flux streams of Water 
(50° C.) issuing from eighty 0.005-inch orifices on 
0.025-inch centers. A water pressure of 1200 p.s. i. is used 
and processing is continued until a clear, distinct pattern 
is observed. The patterned, nonwoven fabric thus ob 
tained is removed from the screen, dried, and then im 
mersed in water at 85 C. for a few minutes to cause 
the continuous filaments to shrink. After removal from 
the water and air-drying, the resulting fabric is heat-set 
at 200° C., while held between 200-mesh screens. The 
final fabric has the following properties: 
Weight (oz./yd') -------------------------- 3.65 
Strip tensile strength (lbs./in.//oz./yd.) ------ 5.7 
Elongation (percent) ------------------------ 162 
5% secand modulus (lbs./in.//oz./yd?) ------- 0.97 
Bending length (cm.) ----------------------- 1.3 
Thickness (inches) ------------------------- 0.015 
Fiber interlock value ------------------------ 29 
The fabric is then washed in a commercially available, 

household washing machine of the agitator type, together 
with eight woven, cotton hand towels (total weight of 
1 lb.) to more nearly simulate normal washing conditions 
and to provide a source of lint. Hot water (about 50° C.) 
and a laundry detergent are used and washing is con 
tinued for 15 minutes. The fabric is then removed and 
dried in a hot-air tumble drier (about 15 minutes). After 
9 cycles of washing and drying, the nonwoven fabric 
is removed and examined. It is still a strong, coherent 
fabric and its surface shows no fuzzing, pilling or other 
signs of deterioration. The fabric has better resistance 
to surface fuzzing than similar fabrics prepared without 
the overlays of staple fibers. 

Example 34 
This example illustrates the production of a nonwoven 

fabric having a high nub-frequency and high cover. 
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Two carded webs of post-shrinkable, polyethylene 
terephthalate staple fibers, each having a weight of 1.25 
oz./yd., are cross-lapped and then placed on a pattern 
ing plate containing 1045 holes/sq. in. arranged in a 
staggered pattern so that the plate has an open area of 
50%. Each hole has a diameter of 0.024 inch. 

Using the apparatus of FIGURE 1, the web assembly 
is subjected to the high-energy-flux streams of water 
issuing from eighty 0.005-inch diameter orifices on 0.025 
inch centers. Water pressure is 1200 p.s. i. and water 
temperature is 50° C. After the pattern is observed to be 
partially developed, the web folded over on itself and 
the treatment is continued until a nonwoven fabric hav. 
ing a clear, distinct pattern is obtained. The fabric has 
1045 nubs per sq. in., the nubs being interconnected 
in a triangular-mesh pattern. The wet web is then placed 
in a hot-water bath (85 C.) for a few minutes to cause 
the fibers to shrink. After removal from the bath and 
air-drying, the fabric is observed to have undergone 
an area shrinkage of approximately 50%. Nub frequency 
is now about 2090 nubs per sq. in. The fabric is then 
heat-set at 200° C., while held between 200-mesh screens. 
The resulting fabric has a triangular-mesh pattern which 
is visible upon close examination. Because of the fine 
ness of the pattern, the fabric has high covering power 
and a surface which appears uniform and smooth. The 
fabric has the general appearance texture and hand 
of cotton broadcloth. 

Example 35 

This example illustrates the production of a highly 
drapable triangular-mesh pattern, nonwoven fabric hav 
ing high covering power and resembling a knitted fabric. 

Filaments having a ribbon-shaped cross-section are 
prepared by spinning polyethylene terephthalate and 
polyhexamethylene adipamide (50/50 weight ratio) in 
side-by-side Telationship through a spinning slot (0.003 
inch by 0.060 inch), the components being spun at oppo 
site ends of the slot. The filaments are then subjected 
to a high-temperature treatment which shrinks the poly 
ethylene terephthalate component of the threadline to 
produce filaments having about 64 crimps/inch. The fila 
ments are then collected in the form of a web of ran 
domly-disposed, crimped, continuous filaments, the web 
having a weight of approximately 2.6 oz./yd.. 
The web is placed on a patterning plate having 462 

conical holes per sq. in. arranged on staggered centers, 
the holes tapering to a minimum diameter of 0.037 inch 
in the direction away from the web. Plate thickness 
is 0.003 inch and percent open area of the plate is 50. 
The web, while supported by the plate, is treated 

with essentially columnar streams of water issuing from 
0.005-inch diameter orifices arranged in line at a density 
of 40 orifices per inch. The web is treated while spaced 
about 1 inch from the orifices, using 60° C. water and 
the following conditions: The web is subjected to one 
pass at a water pressure of 20 p.s. i., then to 3 passes 
in the same direction at 200 p.s. i. and then to 3 passes 
at 500 p.s. i. in a direction perpendicular to that used 
at 200 p.si. The web is then removed from the pattern 
ing plate, turned over, rotated 90° with respect to the 
pattern of the plate, replaced on the patterning plate, 
and then treated as follows: The web is first subjected 
to 3 passes p.s. i., then to 3 passes at 1000 p.S.i., and finally 
to 3 passes at 1500 p.si. At each pressure, the Web is 
treated in a direction perpendicular to the direction used 
at the previous pressure. 
The resulting fabric is then removed from the plate, 

dried and heat-set by placing it between two 60-mesh 
screens and heating at 200° C. for 30 seconds at 10 
p.s. i. pressure. After heat-setting, the fabric is washed 
three times (about 15 minutes each) in a commercially 
available, household washing machine of the agitator 
type using hot water (about 50° C.) and a laundry 
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46 
detergent. Additional fabrics are added to more nearly 
simulate normal washing conditions. The nonwoven fab 
ric is then removed and dried in a hot-air tumble drier. 
The fabric remains stable and coherent and there is no 
evidence of surface-fuzzing or pilling. Properties of the 
washed fabric are as follows: 

Weight (oz./yd') -------------------------- 2.5 
Strip tensile strength (Ibs./in.//oz./yd.?) ------- 3.36 
Elongation (percent) ----------------------- 147 
5% secant modulus (lbs./in.//oz./yd.) -------- 0.164 
Bending length (cm.) ----------------------- 0.84 
Fiber interlock value ------------------------ 13 
The fabric is soft, drapable, and has the general ap 

pearance of a cotton knit fabric. Fabrics prepared in the 
above manner are then converted into T-shirts and tested 
for launderability. They are found to be satisfactory even 
after 25 consecutive launderings in the washing machine 
as previously described. 

Example 36 
This example illustrates the preparation of a nonwoven 

fabric resembling a knitted fabric and having a very 
high nub density. 
A web of randomly-disposed, trilobal cross-section, 

two-component, highly crimped filaments prepared from 
polyethylene terephthalate and polyhexamethylene adip 
amide (50/50 weight ration) is used as the initial web. 
The filaments in the web have about 212 crimps/inch. 
The web has a weight of 2.5 oz./yd.2. 
The web is placed on a patterning plate having 1045 

conical holes per sq. in., arranged on staggered centers, 
and 50% open area. The plate is about 0.002-inch thick 
and the holes taper to a minimum diameter of 0.024 inch 
on the side of the plate away from the web. 
The web, while on the plate, is subjected to the action 

of the high-energy-flux streams of water (50° C.) issuing 
from 0.005-inch diameter orifices arranged in line at 
a density of 40 orifices per inch. The web is subjected 
to a number of passes at pressures up to and including 
1200 p.s. i. until a clear, distinct pattern is observed. 
The resulting fabric is removed from the plate, dried 

and then heat-set by placing it between 60-mesh screens 
and heating at 200 C. and 15 p.s. i. for 30 seconds. The 
fabric is then washed (along with other fabrics to simulate 
a normal load) for about 15 minutes in a commercially 
available, agitator-type, household washing machine, us 
ing hot water (about 50° C.) and a laundry detergent. 
The fabric is removed and dried in a hot-air tumble drier. 
Properties of the laundered fabric are as follows: 

Machine Transverse 
Direction Direction 

Weight (02.lyd')-------------------------------- 2.74 2.56 
Strip Tensile Strength (lbs.finilloz.fyd.) 1.93 1.66 
Elongation (Percent) --- --- 15 203 
5%. Secant Modulus (lbs. fyd 1.0 0.62 
Bending Length (cm.)------------------ 25 1,06 
Fiber Interlock Value--------------------------- 9.6 

The fabric is soft, drapable and, in general, resembles 
a cotton knit fabric in hand and appearance. Because of 
the fineness of the pattern, the fabric has a high degree 
of covering power. 

Example 37 

This example illustrates the production of nonwoven 
fabrics on patterning supporting members having very 
small holes, for both low and high percent open area. 
It further illustrates the preparation of a nonwoven fabric 
having an exceptionally high nub frequency. 
A web of randomly-disposed, two component, trilobal, 

continuous filaments is used as the initial fibrous layer. 
The filaments have polyhexamethylene adipamide as one 
component and polyethylene terephthalate as the other 
component. Filament denier is 3 (0.33 tex) and the fila 

  
  



3,485,706 
47 

ments in the initial layer are highly crimped (about 120 
crimps/inch). 

Three such webs (designated A, B, and C) are con 
verted into nonwoven fabrics as follows: Each web is 
Supported on an apertured patterning support and is sub 
jected to the action of high-energy-flux streams of water 
issuing from 0.005-inch orifices on 0.025-inch centers. 
During treatment the web is spaced 3 to 4 inches from 
the orifices and the water pressure is increased incre 
mentally from 100 to 1500 p.si. For webs B and C a 
single layer of facial tissue is placed over the web during 
treatment. This facilitates production of the nonwoven 
fabric. The patterning support used for each web is as 
follows: 

A. B C 

Hole Shape----------------------------- Square Square Round 
Hole Width (inch).----- 0.030 O. O.22 O. O145 
Arrangement of Holes.--------- Square Square Staggered 
Distance between Centers (inch) 0,050 0.025 O,067 
Holes per Square Inch----------- 400 1,600 4,150 
Percent Open Area--------------------- 32.5 22.5 69 

Each web is converted to a nonwoven fabric having a 
clear distinct pattern. Properties of the three fabrics are 
as follows: 

A. B C 

Weight (ozlyd)-------------------------- 2.00 2.84 2, 42 
Strip Tensile Strength (b. lioz.fyd.).-------- 3.83 3.23 2.89 
Elongation (percent)------------------- - - - 30 77 04 
Initial Modulus (lbs.fin.lioz.fyd.2).-------...---- 2.9 2.7 4.9 

In another instance, a 2.5 oz./yd.? web of 1.8 to 2 
dip.f. randomly-disposed, highly drawn, two component, 
continuous filaments of round cross-section, made from 
polyhexamethylene adipamide and polyethylene tereph 
thalate (50/50 wit, ratio), is used as the initial material. 
The web is placed on a patterning plate of the type de 
scribed as patterning support B above. 
The web is passed under a row of 0.005-inch holes, in 

a manifold 1.75 inches above the web, under the follow 
ing conditions: 

Speed Pressure Top Screen 
Passes: 

8------------------- About 6 y.p.m.------ 1,250 Yes. 
1---------------------- do----------------- 1,500 No. 
(Web reversed.) 
i-----------------------do----------------- 1,000 Yes, 

1,250 Yes 
1,500 No. 
1,700 No. 
1,700 No. 

The web is then removed, blotted to remove excess 
water, oven dried at 140 C. for five minutes, and heat 
set at 200 C. and 10,000 p.s. i. pressure. The product 
has the appearance of a tightly woven fabric. When it is 
viewed at 30X magnification, the face adjacent the pat 
terning plate is observed to have a network of Squares, 
the sides of the squares being formed by aligned bundles 
of fibers and the corners of the squares being entangled 
masses. Within and throughout each square is a region 
of randomly arranged fibers which extends through the 
length and width of the fabric. The random fibers may 
pass from one square to another without necessarily be 
coming part of a nub or bundle. The reverse face of 
the fabric, at 30X, has fibers randomly arranged over 
the entire surface. The fabric is softened by washing with 
hot water in a conventional laundry machine and dried 
in a tumble drier. The fabric obtained has a weight of 2.4 
oz./yd?, a tensile strength of 9.3 lbs./in.//oz./yd., an 
elongation of 70%, a tear strength of 2.8 lbs./oz./yd., 
and a bending length of 1.5 cm. 

Example 38 
This example illustrates the preparation of a triangular 

mesh-pattern, nonwoven fabric wherein nubs protrude 
from both faces of the fabric. 
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A nonwoven fabric is prepared as in Example 17 by 

treatment with streams from 0.005-inch diameter orifices 
(40/inch) in a manifold spaced 1.5 inches from the web, 
using 2000 p.s. i. water pressure (4 passes). While the 
fabric is still in place on the patterning support described 
in Example 17, the assembly is sandwiched between 
plates having the same hole-size but half the number of 
holes. The two outside plates are arranged with the holes 
in register with each other and in register with half the 
holes of the patterning support. The ensemble is flipped 
over and passed 8 times under the essentially columnar 
streams, using a water pressure of 2000 p.s. i. Nubs pro 
truding through the holes in register are inverted down 
Ward by the treatment, whereas the other nubs which 
are shielded by the plates protrude upward as before. 
A product similar to that of Example 17 is obtained. It 

differs in having protuberant nubs on both faces and in 
having improved surface stability. The fiber interlock 
value is 18. 

Example 39 
This example illustrates the preparation of a nonwoven 

fabric, using high-energy-flux streams of water issuing 
from 0.030-inch orifices. 
A web of randomly-disposed, two component, highly 

crimped, continuous filaments is used as the initial fibrous 
layer. The filaments have polyhexamethylene adipamide 
as one component and polyethylene terephthalate as the 
other component. The web is placed on a patterning plate 
having 0.063-inch diameter holes arranged on 0.094-inch 
staggered centers. The web is treated with the high-energy 
flux streams of water issuing from 0.030-inch orifices ar 
ranged in line along a drilled tube at a density of 20 ori 
fices per inch. The web, while supported by the plate, is 
subjected to one pass under the streams at 100 p.s. i., 2 
passes at 500 p.s. i., and 4 passes at 1000 p.s. i., each pass 
being at about 3 inches from the orifices. The web is then 
subjected to four passes under the streams at 1000 p.s.i. 
with about 1.5 inches separation from the orifices. 
A triangular-mesh-patterned, nonwoven fabric having 

the following properties is obtained: 
Weight (oz./yd?) -------------------------- 2.35 
Strip tensile strength (lbs./in.//oz./yd.?) ------- 3.62 
Fiber interlock value ------------------------ 17 

Example 40 
This example illustrates the preparation, from polyester 

staple fibers, of patterned structures having sinusoidal 
ridges on their surfaces. Effects of varying the web area 
Weight and the percent open area of the screen are shown. 
The initial material is a batt of randomly disposed 

staple fibers prepared by an air-laying technique. Several 
Such batts having area weights of approximately 2.3 and 
4 oz./yd.2 are prepared from polyethylene terephthalate 
staple having a denier per filament of 1.5 (0.17 tex) and 
a length of 1.5 inches. The fibers have a linear shrinkage 
capability, when immersed in boiling water, of approxi 
mately 40%. 

Using apparatus of the type shown in FIGURE 1, pat 
terned structures are prepared as follows. An initial batt 
is placed on a plain weave, 20 mesh wire screen of the 
type shown in FIGURE 14, selected from the following: 

Wire 
Mesh diameter Open area 

(wireslin.) (in.) (percent) 

Screen used for product: 
20 O15 49 
20 020 36 
20 025 25 
20 028 9 

A 0.002-inch thick, perforated plate having 50% open 
area, 726 holes/in.?, and 0.029-inch diameter holes is laid 
on top of the batt. The top plate is merely used to help 
hold the batt in place during initial processing; it does not 
influence the patterning of the batt. The assembly is 
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passed under the high-energy-flux streams of water (about 
50° C.) issuing from 0.005-inch orifices arranged in line 
along an 8-inch length of pipe having an outside diameter 
of 0.25 inch at a density of 40 orifices/inch. Using a water 
pressure of 1700 p.s. i., the assembly is passed under the 
streams 20 times. The top plate is then removed and the 
web is subjected to 80 passes under the streams. During 
the treatment, the passes are made along each screen 
axis and the batt is held at approximately one inch from 
the orifices. The patterned structure thus produced is dried 

50 
tained. Structures with high covering power can also be 
obtained by using low-open-area (e.g., 16% to 27% open 
area) patterning screens of finer mesh (e.g., 24 to 40 
mesh) and/or by developing latent properties, such as 

5 postshrinkability, of the fibers. 

Example 41 

This example illustrates the use of highly crimped, 
continuous filaments to prepare patterned structures hav 

s 10 in an air oven at approximately room temperature, while ing sinusoidal ridges on their surfaces. Screens of vary 
still on the patterning screen. Properties of the structures, ing mesh size and the percent open area are used. 
before and after development of the latent shrinkage prop- The initial materialis a web of randomly-disposed con 
erties of the fiber, are presented in Table 9 below. Shrink- tinuous filaments, which have a ribbon-shaped cross-sec age is accomplished by immersing the structure in boil- 15 tion and are prepared by Spinning polyethylene tere 
ing water for 15 to 60 seconds, drying, smoothing (low phthalate and polyhexamethylene adipamide (50/50 
temperature ironing) and heat-setting at 185 to 190° C. weight ratio) in side-by-side relationship through a spin 
for to 5 minutes in a standard sheet drier, in the absence ning slot (0.003 inch by 0.069 inch), the components 
of pressure. This treatment results in an area shrinkage being Spun at opposite ends of the slot. The filaments, 
of about 32 to 40%. 20 prior to formation of the web, are subjected to a high 
The fiber interlock value, measured after the shrink- temperature treatment which shrinks the polyethylene 

age treatment, is 22 for Product B and 9.2 for Product C, terephthalate component to produce filaments having ap 
the latter being an average value for two fabric directions. proximately 120 crimps/inch. 

TABLE 9 

Area. Weight Tensile Strength Elongation 5% Secant Modulus 
Open (ozfydi.2) (b.finiloz.fyd.) (percent) (lbs.fin-floz.fyd.2) Opacity (percent) 

Shown in Area ma 
Product Code FIGURE No. (percent) Before After Before After Before After Before After Before After 

. . . . . . . .------- - - - - - - - - - - - - - 
49 2. 2.9 5.5 5.0 94 99 5 ... 5 47 59 
36 2.3 3.2 6.2 5.8 85 92 3.3 2.0 47 59 
25 2.2 3.2 5.9 5.9 80 89 2.8 19 42 57 
9 2.1 3.3 6, 2 5.9 89 94 1.6 1.2 40 62 
49 3.0 4, 6 4, 4 3.9 9. 25 2.0 0.6 60 72 
36 3. 4.4 3.7 3.7 85 18 2, 2 0.7 6. 73 
25 3.2 47 4. 4.0 86 96 2, 3 0.9 57 70 
19 2.9 4.5 4. 0 3.7 8. 99 2.2 ... 1 54 68 
49 3.9 6, 4.4 3. 95 12 1.5 0.6 69 8. 
36 3.4 5. 5. 4, 6 85 02 2.6 i, 2 62 76 
25 3.6 5.2 3.3 2.5 87 88 1.7 0.8 62 75 
19 3,8 6, 2 4,0 3, 4 85 18 .8 0.8 6. 88 

NoTE-All values are averages of MD and XD values. 
The above table illustrates the desirable properties of 

the structures. In general, they are soft, strong, drapable 
and fabric-like. Products which have been treated to de 
velop shrinkage are generally characterized by a greater 
covering power, as illustrated by the opacity measure 
ments, and are more drapable, as illustrated by the Secant 
modulus measurements, than the untreated products. 
The appearance and arrangement of the fibers in these 

structures is shown at moderate magnification in FIG 
URES 15 through 17 and 15a through 17a. FIGURES 15 
through 17 show the upstream and FIGURES. 15a 
through 17a the downstream (adjacent the Screen) faces 
of the 2 oz. /yd.2 structures prepared on Screens of 25, 
49 and 19% open area, respectively, prior to any shrink 
age treatment. Referring to FIGURES 15a through 17a, 
it can be seen that sinusodial ridge-like elements are pres 
ent on the downstream face of each structure. These 
sinusoidal ridges comprise areas of parallelized fibers 
alternating with areas of highly entangled fibers. The en 
tangled areas are more pronounced as the percent open 
area increases, such as at the 49% open-area of FIG 
URE 16a. When viewed from the upstream face, sin 
usoidal ridges are visible in the lower weight structures, 
as shown in FIGURE 15. As the weight increases, the 
upstream face becomes more random in general appear 
ance as shown in FIGURE 17. The periphery of each 
aperture is characterized by localized areas of many fibers 
oriented perpendicularly with respect to the surface of 
the structure. This type of structure is more clearly shown 
in FIGURE 19 at high magnificaion. Apertures corre 
sponding to the lower wire crimps are partially obscured 
in lower weight structures, such as shown in FIGURE 15, 
and eventually are completely lacking in the heavier 
weight structures, such as shown in FIGURE 17. As the 
percent open area of the patterning screens increases, such 
as at 36% and 49% open area, products with smaller 
apertures and having greater covering power are ob 

Several of the above webs, having a weight of approxi 
40 mately 2.5 oz./yd.2 are prepared and are converted into 

patterned, multilevel structures using apparatus of the 
type shown in FIGURE 1. Each web is placed on a plain 
weave wire screen, of the type shown in FIGURE 14, 
selected from the following: 

45 
Wire 

Mesh diameter Open area, 
(Wiresfin.) (in.) (percent) 

Screen used for product: 
20 028 19 

50 24 025 16 
30 06 27 
35 04 26 
40 035 2. 

A 0.002-inch thick, perforated plate having 50% open 
area, 726 holes/in.2, and 0.029-inch diameter holes is laid 
on top of the web. The top plate merely helps to hold the 
web in place during initial processing; it does not in 
fluence the patterning of the web. The assembly is passed 
under high-energy-flux streams of water (about 50 C.) 
issuing from 0.005-inch orifices arranged in line along a 
2-inch length of pipe having an outside diameter of 0.25 
inch at a density of 40 holes per inch. Using a water pres 
sure of 1700 p.s. i., the assembly is passed under the 
streams 20 times. The top plate is then removed and the 
web is subjected to 20 passes under the streams at about 
1 inch from the orifices and to 10 passes while substanti 
ally in contact with the orifices. Half of the passes are 
made in the direction of one screen axis and half in the 
direction of the other screen axis. The patterned struc 
ture thus produced is dried on a standard sheet drier at 
about 100. The products are all strong, nonwoven fabrics 
with patterns of apertures, having weights of from 2.4 to 
2.7 oz./yd.2, average tensile strengths of from 3.0 to 
3.4 (1b./in.)/(oz./yd.2), elongations of from 194 to 222% 
and fiber interlock values of from 14 to 17. 

55 

60 

65 

70 

75 

  



3,485,706 
51. 

In general these products are soft, strong and very 
drapable. The products are similar in gross physical ap 
earance to those of comparable weight described in Ex 
ample 40. They are suitable for conventional fabric end 
SeS. 

Example 42 
This example illustrates the conversion of polyester 

staple fiber batts into patterned structures having sinus 
oidal ridges on their surfaces. Preparation on patterning 
screens of varying mesh is shown. 
The initial material used in each case is a random batt 

prepared by air deposition. Several such batts are pre 
pared from polyethylene terephthalate staple having a 
denier per filament of 1.0 (0.17 tex) and a length of 1.5 
inches. 

Using apparatus of the type shown in FIGURE 1 and 
screens of the type shown in FIGURE 14, patterned struc 
tures are prepared on each of the plain Weave, wire 
screens listed below. 

Wire 
Mesh diameter Open area 

(wireslin.) (in.) Jercent) 
Screen used for product: 

A------------------------- 40 .035 21 
B------------------------- 30 .016 27 
C------------------------- 20 .028 19 

14 .041. 18 
9. .063 8 
6 ,080 27 
3 .62 26 

In each case, the initial batt is placed on the selected 
screen. A 0.002-inch thick, perforated plate having 50% 
open area, 726 holes/in., and 0.029-inch diameter holes 
is then laid on the batt. The top plate merely helps to 
hold the batt in place during initial processing; it does not 
influence the patterning of the batt. The assembly is 
passed under the high-energy-flux streams of water (ap 
proximately 50 to 65° C.) issuing from 0.005-inch ori 
fices arranged in line along a pipe at a density of 40 
orifices/inch. After several passes under the streams, the 
top plate is removed and processing is continued with the 
batt held at about 1 inch E. the orifices. Batts treated 
on screen B are subjected to 80 passes at 1400 p.s.i.; 
batts treated on the remaining screens receive 4 passes 
at 1900 p.S.i. The patterned structures thus produced are 
dried on a sheet drier at about 100° C. Properties are 
given in Table 10 below. All of the products are soft, 
strong, and drapable. 

Another fabric is prepared which differs from Fabric 
D only in being of lighter weight, approximately 1 oz./ 
yd... This product is shown in FIGURE 13 at moderate magnification. 

TABLE 10 

Tensile 
Strength Elon- Modulus Fiber 

Product Weight (b.lin.II gation (ib.fin.II Interlock 
Code (oz.fyd.) oz.fyd.) (percent) oz.fyd.) Walue 

l, 5 5, 6 8. *1.4 24 
1.7 5,3 93 *.0 25 
1.5 6.7 100 sk 2.3 27 
1.5 7.0 93 ++2.5 27 
5 6.3 93 **2.3 28 

... 2 4,7 82 *42.5 19 
4.7 4.l. 95 "l. 6 ------------ 

*5% Secant modulus. 
**Initial modulus. 

NoTE.-All properties are averages of MD and XE) values, 
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Example 43 

This example illustrates the preparation from acrylic 
fiber staple of patterned structures having sinusoidal 
ridges on their surfaces. Preparation on screens of differ 
ent open area is shown. 
The initial material is a batt of randomly-disposed sta 

ple fibers prepared by an air-laying technique. Several 
batts are prepared from acrylic fiber staple having a 
denier per filament of 1.5 (0.17 tex) and a length of 1.5 
inches. 

Using apparatus of the type shown in FIGURE 1, each 
batt is treated while placed on a screen selected from 
screens A through D previously identified in Example 40. 
Using a perforated top plate of the same type and for 
the same reason as described in Example 40, each batt is 
subjected to 20 passes under the high-energy-flux streams 
of water (about 50° C.) issuing from 0.005-inch orifices 
arranged in line in a pipe at a density of 40 orifices/inch 
at a water pressure of 1400 p.s. i. The top plate is then 
removed and the treatment is continued for another 80 
passes. The passes are made in the directions of each 
screen axis and the batt is held about 1 inch from the 
orifices during treatment. The patterned, multilevel prod 
uct thus produced is dried at about 100° C. in a sheet 
drier. The products have weights of from 2.1 to 2.4 oz./ 
yd.?, average tensile strengths of from 3.9 to 5.7 (lb./ 
in.)/(oz./yd.2), elongations of from 55 to 68%, capaci 
ties of from 53 to 63%, and fiber interlock values of 
about 17. 
The structures thus obtained are similar in gross physi 

cal appearance to products of comparable weight de 
scribed in Example 40 and shown in the figures desig 
nated therein. They are soft, strong and drapable and are 
particularly well suited for use where high absorbency 
is required, such as in diapers. 

Similarly attractive products with greater surface dura 
bility and launderability can be prepared by blending in 
other fibers, such as rayon fibers. Particularly desirable 
products are obtained by using acrylic and rayon staple 
fibers of different lengths. 

Example 44 
This example illustrates the preparation, from high 

tenacity rayon staple, of patterned structures having 
sinusoidal ridges on their surfaces. Preparation on screens 
of different mesh sizes and different percents of open area 
is shown. 
The initial material is a batt of randomly-disposed sta 

ple fibers prepared by an air-laying technique. Several 
such batts are prepared from rayon staple having a denier 
per filament of 1.5 (0.17 tex) and a length of approxi 
mately 1.6 inches. 

Using apparatus of the type shown in FIGURE 1, 
patterned structures are prepared using the same process 
ing conditions described in Example 43 and the following 
plain weave, wire patterning screens of the type shown in 
FIGURE 14, 

Wire 
Mesh Diameter Open Area 

(wiresfin.) (in.) (percent) 
Screen Used for Product: 

20 .015 49 
20 020 36 
20 025 25 
20 .028 9 
30 .02 41 
30 .016 27 
35 , 014 26 
40 ,008 46 
40 035 2. 

Soft, strong and drapable structures are obtained. They 
are similar in gross physical appearance to the structures 
of comparable weight described in Example 40 and shown 
in the figures designated therein. Properties of the struc 
tures are given in Table 11 below. 
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Strip 
Tensile 5%. Secant 

Strength Eon- Modulus Fiber 
Product Weight (lb.fin. If gation (lb.fin.f Opacity Interlock 
Code (oz.fyd.2) oz.fyd.2) (percent) oz.fyd.2) (percent) Value 

2.2 5.5 32 2.4 48 ------------ 
2.3 6.5 34 16, 0 45 ------------ 
2.0 7. 38 6.8 42 15 
2.1. 6.8 37 5. ---------------------- 
2.2 5.5 48 4.8 47 16 
2, 2 5. 6 57 3.8 47 ------------ 
2.2 5.4 56 2.6 48 ----------- - 
9 5.3 62 2.4 43 8 
7 4. 60 2.5 38 14 

Example 45 ls of the fabric. The basic twill structure is similar to that of 

This example illustrates the preparation from polyester 
staple fiber of patterned structures having short, ridge 
like elements proceeding diagonally to impart a twill pat 
tern to the surfaces of the structures. Preparation on sev 
eral different screens is shown. 
The initial material is a batt of randomly-disposed poly 

ester staple fiber weighing about 2.5 oz./yd. and prepared 
by an air-laying technique. The fibers have a denier per 
filament of 1.5 (0.17 tex) and a length of 1.5 inches. 

Using apparatus of the type shown in FIGURE 1, pat 
terned structures are prepared as follows. An initial batt 
is placed on a twill weave wire screen selected from 

the following: 
Wire Open 

Shown ill Mesh Size Diameter Area 
FG, No. (wireslinch) (inch) (percent) 

Screen Used for 
Product: 
A ------------ 0.018 3. 

0.023 20 
0.017 23.9 
0.035 21 

The surface of each screen is characterized by regul 
larly spaced rectangular channels, staggered with respect 
to one another along a path running diagonally of the 
screen and separated from one another by intervening 
screen wires as shown in FIGURES 20 and 21. 
A 0.003-inch thick, perforated plate having 50% open 

area, 462 holes/in., and 0.037-inch diameter holes is laid 
on top of the batt. The top plate merely helps to hold the 
batt in place during initial processing; it does not influence 
the patterning of the batt. The assembly is passed under 
the high-energy-flux streams of water (about 50° C.) issu 
ing from 0.005-inch orifices arranged in line along a 
5-inch length of pipe at a density of 40 orifices/inch. Us 
ing a water pressure of 2000 p.s. i., the assembly is passed 
under the streams 20 times. The top plate is then removed 
and the web is subjected to 80 passes under the streams. 
Passes are made in the directions of the screen axes and 
the batt is held approximately 1 inch from the orifices. 
The patterned structures thus obtained are dried on the 
patterning screen at about 40 C. in an air oven. Proper 
ties of each structure are measured along the four major 
axes of the structure, including the twill line and the di 
rection 90 thereto, and the average of the four values is 
reported in Table 12. 

TABLE 12 

Strip 
Tensile 

Strength 
Product; Product shown Weight (blin. If Elongation 
Code in FIGURES (oz.fyd.2) oz.fyd.2) (percent) 

2.5 6. 76 
2.6 5, 6 78 
2, 6 5.6 92 
2.2 4.3 89 

(E) In a similar way, a 3 oz./yd. nonwoven fabric 
is made by treating at up to 1000 p.s. i.g. an initial random 
web of acrylic staple fibers, using a 2 x 2 twill weave 
screen of 20 x 15 mesh (19% open area) of 0.032-inch 
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items A to D of this example but both faces are almost 
identical in appearance. Tensile strengh is 3.5 (1b./in.) / 
(oz./yd.?). 
The basic arrangement of fibers in these twill-patterned 

structures is shown in the schematic drawings of FIG 
URES 26 and 27. The structures are characterized by rec 
tangular, ridge-like elements, staggered with respect to 
one another along a path running diagonally of the fabric. 
The ridges contain areas of high fiber parallelization ad 
jacent areas of high fiber randomness and entanglement. 
These ridge-like elements correspond to rectangular chan 
nels of the patterning screen surface. The fibers in the 
ridges are continuous with fibers lying in a second level 
of the structure and predominantly visible from the up 
stream face of the structure. The fibers in the second 
level form interconnections between successive ridges of 
the first level. These interconnections may take the form 
of well-ordered, wide bands of parallelized fibers arching 
out of the surface as shown in FIGURES 24 and 25, or 
they may comprise bundles of randomly interentangled 
fibers as shown in FIGURE 28, or a combination of both. 
The interconnections and the ridges together define regu 
larly spaced apertures which also proceed along diagonal 
lines and correspond to the protuberant wire crimps. The 
apertures corresponding to the wire crimps may at times 
be only partially formed as observed in FIGURE 25. In 
general, increasing the weight of the initial material and/ 
or decreasing the height of the wire crimps will diminish 
the size and extent of apertures present in the final prod 
uct, and will increase the extent and intensity of fiber 
randomness and fiber-entanglement. When these fabrics 
are viewed from the upstream face, it will be observed 
that band-like groups of fibers proceed from one aperture 
to an adjacent one and are oriented perpendicularly to 
the surface of the structure at the periphery of the aper 
tures. 

Example 46 
This example illustrates the preparation from polyester 

Staple fibers of a herringbone-twill-patterned structure 
having characteristics of a stretch fabric. 
The initial material is a web of randomly-disposed fibers 

prepared by an air-laying technique. The web weighs 2 
oZ./yd. and is prepared from postshrinkable polyethylene 
terephthalate fibers having a denier per filament of 1.5 
(0.17 tex) and a length of 1.5 inches. The fibers are 

5%. Secant 
Modulus Bending Fiber 
(blin.It Length Interlock 
oz.fyd.2) (cm.) Walue 

1.1 1.8 ------------ 
.7 1.5 ------------ 
... 8 ... 7 20 
7 ... 6 19 

capable of shrinking about 40% lengthwise when im 
mersed in boiling water. 

Using apparatus of the type shown in FIGURE 1, 
the batt is patterned on a herringbone-twill-weave, 40 x 

diameter wires. FIGURES 28 and 28a show the two faces 75 40 mesh screen, having about 25% open area and woven 
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from 0.12-inch diameter wires. The twill line of the 
screen reverses itself at about every 20 wires. 
The batt is subjected to the high-energy-flux streams of 

water (about 50 C.) issuing at 1300 p.s. i. from 0.005 

56 
Using apparatus of the type shown in FIGURE 1, webs 

of the above description are patterned on each of the 
following screens: 

inch orifices arranged in line along a pipe at a density is Showtin Mesh Size Eaeter 
of 40 orifices/inch. The batt is first subjected to 20 ScreenType FIG. No. (wireslinch) (inch) 
passes under the streams while covered with a top plate Screen Used for 
of the same type and for the same reason described in "R". Dutch Twili. 2). 4 x 40---...-- 0.023. 
Example 40. The plate is then removed and the batt B---------- oblig- 28----------- 30 x 8-------- ES: 
is subjected to 80 passes. All treatment is done with the 10 I.I.I.I.I.I.I.I.I.I.I.E." 
batt spaced about 1 inch from the orifices and each pass - - - - - - - - - - - - - 
is done at a right angle to the preceding pass. It is A top plate of the type described in Example 45 is 
treated to develop the latent shrinkage properties of the laid on top of the web to help hold it in place during 
fibers by immersing the structure in water at about 90 initial processing; it does not influence the patterning 
C. for about 1 minute, drying, smoothing (low tempera- 15 of the Web. The assembly is passed under high-energy 
ture ironing), and heat-setting at 185-190° C. for about flux water streams (about 50° C.) issuing from 0.005. 
2 minutes in a standard sheet drier under slight restraint. inch orifices arranged in line along, a 5-inch length of 
Area shrinkage is about 45%. The structure is a soft, pipe at a density of 40 orifices per inch. Using a water 
strong and drapable material having good elastic recovery pressure of 2000 psi, the assembly is passed under the 
properties. It is suitable for use in apparel, upholstery 20 streams 20 times. The top plate is then removed and the 
and the like as a stretch-fabric. Properties of the fabric web is subjected to 80 passes under the streams (only 40 
are as follows: passes for Sample D). Passes are made in the directions 

of the axes of the screen and the web is held approxi 
Weight (oz./yd'). -------------------- 3.7 mately 1 inch from the orifices during treatment. The Tensile strength (lb./in.//oZ./yd.”) ----------- ?t 25 patterned structures thus obtained are dried on the pat 
Elongation, percent --------------------- 126 terning screen at about 40° C. in an air oven. Properties 
Bending length (centimeters),------------ 15 of each structure are measured along each major axis of 
5% secant modulus (b/in//02/yd) -- 0.5 the structure and in the 45° bias direction and are re 
Tensile recovery at 15% elongation (0.5 lb./in.// ported in Table 13 below. The patterned structures are 

oz./yd stress), percent ------------------- 130 shown with magnification in FIGURES 29 and 30 (up 
Fiber interlock value ----------------------- 17 stream faces) and 29a and 30a (downstream faces) as 

Tensile recovery of the above fabric is determined with identified in the table. As may be seen from the table, 
an Instron tester, using a 3-inch (7.6-cm.) by 1-inch these products have very desirable, fabric-like properties. 
(2.54-cm.) sample, a 2-inch (5.08-cm.) gauge length, and It is notable that the secant moduli of these fabrics in the 
elongating at 50% per minute. A stress-strain curve is 35 bias direction is very low, leading to the good drape 
run on the specimen out to 15% elongation (original properties of the fabric. 
elongation). After 30 seconds, the tester is reversed and Product (E) is prepared by treating a web of blended 
returned to the original 2-inch (5.08-cm.) gauge length. staple fibers consisting of 50% by weight of 15-inch, 1.5 
After another 30 seconds, the tester is started again and dip.f. acrylic fibers and 50% by weight of 0.25-inch, 1.5 
run until the residual slack in the sample is taken up, dpf. rayon fibers. The fibers are randomly deposited in 
at which point the percent elongation is recorded (per- the web by an air-laying technique, and the web is pat 
manent set). Tensile recovery is calculated from the terned on a screen surface of the type used for Product 
following equation: (B) above. FIGURES 31 and 31a show the normal ap 

pearance of the upstream and downstream faces of the 
Tensile Recovery= 45 fabric, and FIGURES 32 to 34 show the patterned struc 

- inn- ture at moderate magnification. A zig-zag pattern of 
Originalisagitalent set X100 ridges is observed on both the upstream face (FIGURE 

32) and downstream faces (FIGURE 34). FIGURE 33, 
Example 47 a view by light transmitted through the fabric, shows a 

50 characteristic zig-zag pattern of dark entangled regions 
This example illustrates the preparation from poly- along fiber bands which are formed between the widely 

ester staple fiber of patterned structures prepared on spaced screen wires. The zig-zag entangled regions lock 
Dutch weave twill screens and on oblong screens. the fibers in place in the fabric. 

TABLE 13 

Tensile strength Elongation (percent) 5%. Secant modulus Bending Length 
(lb.fin. I?oz.fyd.2) (lbs.fin-floz.fyd.?) C. Fiber 

Product shown Weight - - - - - Interlock 
in FIGURES (oz.fyd.2). MD XD BIAS MD XD BIAS MD XD BIAS MD XD BIAS value 

2.4 7.0 5.2 5.9 46 58 60 6.0 1.6 0.5 ------ 1.6 1.9 ------------ 
2.4 5.0 5.1 5.6 57 55 63 2. 1 2.1 0.4 1.8 1.7 1,8 20 
2.4 6.8 5.4 6, 4 56 67 71. 4.1 .. 4 0.6 2.2 1.6 1.7 24 
2.6 5.9 5.9 6.3 49 56 63 8.0 0.5 0.2 2.7 1.7 1.8 20 
2.5 4.7 3. 2.-------- 32 52 -------- 21.7 2.2 -------- 2.6 i. 6 -------------------- 

MD: For Product A, MD is measured along ridges shown in FIGURE 39. For Products B, C, and D, MD is measured along ridges shown in FIG URES.40a, 41a and 42a, respectively. 
XD: Measured 90° to MD. 
BIAS: Measured 45 to MD. 

The initial material is a web of randomly-disposed 
fibers prepared by an air-laying technique. The web 
weighs 2.5 oz./yd. and is prepared from postshrinkable 
polyethylene terephthalate fibers having a denier per fila 
ment of 1.5 (0.17 tex) and a length of 1.5 inches. The 
fibers are capable of shrinking about 40% lengthwise 
when immersed in boiling water. 

70 

75 

Example 48 
This example illustrates the preparation from a blend 

of acrylic fiber and rayon fiber of a patterned structure 
having sinusoidal ridges on one surface and randomly 
oriented fibers on the opposite surface. 
The initial material is a batt of randomly-disposed 

staple fibers prepared by an air-laying technique from 
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a 50/50 blend of acrylic staple and rayon staple. Both 
fibers have a denier per filament of 1.5 (0.17 tex). The 
acrylic fiber has a length of 1.5 inches. The rayon staple 
has a length of 1.56 inches. The batt Weighs about 3 
oz./yd.?. 

Using apparatus of the type described in FIGURE 1, 
the batt is treated on a 15-mesh, plain Weave wire Screen, 
of the type shown in FIGURE 14, having 15.2% open 
area and woven from wires of 0.04.1-inch diameter. Using 
a perforated top plate having 462 holes/inch and 50% 
open area for the same reason described in Example 40, 
the batt is subjected to 20 passes under the high-energy 
flux streams of water (about 50° C.) issuing from 0.005 
inch orifices arranged at a density of 40 orifices per inch 
along a 5-inch length of pipe, having a wall thickness of 
0.015 inch. The top screen is then removed and treatment 

O 

5 
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structures similar to those of Example 48, under slightly 
modified process conditions. 
The fabrics are made from two initial batts (A and 

B) of the type described in Example 48, the two batts 
differing slightly in weight. The batts are processed as 
described in Example 48 except that the water pressure 
and method of passing the webs under the streams are 
modified as follows: 
Each batt is subjected to 20 passes at 250 p.s. i. 20 

passes at 500 p.s. i., and 80 passes at 1800 p.s. i. No top 
screen is used throughout the treatment and the batt is 
not turned over on the screen at any stage of treatment. 
The patterned fabric is removed from the screen and 
dried on a sheet drier at about 100° C. in the absence of 
Eyre. Properties of the fabrics are given in Table 15 
below. 

TABLE 5 

Strip Tensile 
Strength (b.fin-f Elongation 5% Secant Modulus 

A. oz.fyd.2) (percent) Clb.fin...foz.fyd.2) Bending Fiber 
Weight Length interlock 

Fabric (oz.fyd.) MD XD MID XD MD XD (cm.) Walue 

A.------------- 3.9 4.2 3.3 50 57 ... 3 2.8 2.4 2.0 
B------------- 2.5 4.2 3.4 38 45 1,6 4, 6 9 12.4 

MI): Measured in direction of Sinusoidal ridge. 
XD: Measured 90° to MD. 

repeated for another 30 passes. The sample is then re- Example 50 
moved, turned over, and replaced on the Screen, taking 
care to maintain the original registry With the Screen pat 
tern. The above described treatments, with and without 
top screen, are then repeated. Passes are made along each 
of the axes of the screen. Water pressure is maintained 
at 2000 p.s. i. and the batt is held about 1 inch from the 
orifices during treatment. The patterned fabric is dried 
on the screen at about 40° C. Properties are given in 
Table 14 below, both as-made and after Washing in an 
agitator-type, commercially available, household washing 
machine, using a “cotton” or high-heat setting, and a laun 
dry detergent. 
As may be seen from Table 14, the patterned structure 

is strong and fabric-like in properties, retaining these 
properties after laundering. The fabric is soft and partic 
ularly well suited for uses requiring high absorbency, 
such as diapers, bandages and the like. Washing, more 
over, tends to incease its bulk and softness. 
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This example illustrates the preparation of triangular 
mesh patterned fabrics directly from continuous filament 
yarns. 
A 40 denier, 27 filament, zero twist, polyethylene 

terephthalate continuous-filament yarn is unwound from 
a yarn package, drawn through a water bath to wet it, 
and deposited by hand randomly on a patterning plate. 
The plate has 0.063-inch diameter holes arranged on 
0.094-inch centers. The thus formed batt, while supported 
by the plate, is then treated with essentially columnar 
streams of water emerging from 0.005-inch orifices, using 
apparatus of the type shown in FIGURE 1. The batt is 
first Wetted by placing a fine-mesh screen on top and 
then passing the assembly under the streams. The top 
screen is then removed and the batt is passed under the 
streams at water pressures up to 1200 p.s. i. Then, using 
the same type of apparatus, but with a manifold having 

TABLE 14 

Strip Tensile 
Strength (b.fin-f Elongation Fiber 5%. Secant Modu 

oz.fyd.2) (percent) Inter- ius (lb.fin-floz.fyd.2) Bending 
Weight lock Length 

Fabric (oz.fyd.?) MID XD MD XD Walue MD XD (cm.) 

AS-Made---------- 2.9 4. 3.8 6. 50 5 ... 5 2.8 2.7 
After washing----- 2.8 4.5 4.0 6. 47 5 O, 2.7 2.2 

MD: Measured in direction of sinusoidal ridge. 
XD: Measured 90° to MD. 

The fabric is similar in appearance to the fabric shown 
in FIGURE 18. The sinusoidal ridges contain tightly 
packed regions of highly parallelized fibers alternating 
with regions of highly entangled fibers. These parallelized 
fiber groupings are contiguous with regions of random 
fiber arrangement situated on the upstream face and with 
intermediate ribbon-like ordered groups of parallelized 
fibers running beneath the sinusoidal ridges (inside the 
fabric) and generally transverse to the ridges, in an in 
tegral structure having a regular pattern of Oval-shaped 
holes. Entangled regions of the fabric are clearly visible 
on the downstream face, extend through the thickness of 
the structure and provide its integrity and strength. On 
the upstream face are a plurality of fibers which loop-over 
the entangled fiber regions and proceed vertically toward 
the other face of the fabric around the edges of the holes 
to disappear into the entangled fibers on the other side 
of the fabric. 

Example 49 
This example illustrates the preparation of patterned 
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0.007-inch orifices, the batt is further treated at pressures 
up to 1200 p.s. i. Passes are made both along and across 
the batt. 

Examination of the fabric thus obtained reveals that 
the yarns are arranged in a triangular-mesh pattern and 
are joined together at the apexes of the triangles by 
entanglement. Although there is a high degree of fiber 
interentanglement of those sections of the yarns passing 
through the apexes, the identity of individual yarns is 
still discernible within that region. The products has a 
fiber interlock values of 16.5. 

Example 51 
This example illustrates the preparation of a triangular 

mesh patterned fabric directly from continuous filament 
yarns using a mechanical yarn-deposition technique. 
A 40 denier, 27 filament, Zero twist, polyethylene ter 

ephthalate continuous-filament yarn is fed from a bobbin, 
over a yarn guide, down to a water bath, up and over 
a guide and then to a motor-driven pulley. From the 
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pulley the yarn is permitted to fall randomly onto a pat 
terning plate which is moved back and forth beneath the 
pulley. The patterning plate has 25 holes/sq. in, and 46% 
open area, the holes being 0.156-inch in diameter. 

Using apparatus of the type shown in FIGURE 1, the 
batt is treated with streams issuing from 0.005-inch 
orifices. During inital treatment a top screen having 726 
holes/sq. in. and 33% open area is placed on the batt 
and the assembly is passed under the streams eight times 
at each of the following pressures: 200, 400, 600, 1000 
and 1500 p.s. i. The top screen is then removed and the 
web, while still on the patterning plate, is subjected to 
the following additional passes under the streams: one 
pass at 100 p.s. i., eight passes at 200 p.s. i., eight passes 
at 400 p.s. i., eight passes at 600 p.s. i. and two passes at 
1000 p.s. i. The fabric is then removed from the pattern 
ing plate and dried. 

Examination of the fabric thus obtained reveals that 
the yarns are arranged in a triangular-mesh pattern and 
are joined together at the apexes of the triangles by en 
tanglement. Although there is a high degree of fiber 
interentanglement of those sections of the yarns passing 
through the apexes, identity of individual yarns is still 
discernible within such areas. 
The fabric has the following properties: 

MD BIAS 

Strip Tensile Strength (lbs.find?oz.fyd.?) 14 2 
Elongation (percent).----------------- 35 35 
Modulus (5% secant) (lbs.fin-flioz.yd.?) - - 22 3. 
Fiber Interlock Value----------------------------------- 50 

The high tensile strength and relatively low elonga 
tion of this fabric make it particularly desirable for in 
dustrial uses. 

Instead of using the above described method for pro 
ducing the initial batt, the yarn can be drawn from the 
bobbin, over a yarn guide and through an aspirating jet 
by which it is forwarded onto a moving conveyor belt, 
the jet being arranged to move in an arc so that the yarn 
traverses the belt as the belt passes under the jet. In this 
manner, uniformity of the initial batt and of the final 
product is improved. 

Example 52 

This example illustrates the preparation of a hexagonal 
mesh-patterned, nonwoven fabric from a continuous fila 
ment web. 
The initial material is a web of randomly-disposed, 

shrinkable, continuous filaments of polyethylene tereph 
thalate. The filaments are capable of a linear shrinkage of 
about 30% when immersed in boiling water. Filament 
denier is about 1.5 (0.17 tex). The web has a weight of 
about 1.3 oz./yd.2. 

Using apparatus of the type shown in FIGURE 1, the 
web is treated with the high-energy-flux streams of water 
(about 50° C.) issuing from 0.005-inch orifices at 1500 
p.s. i. while supported on a patterning plate. The Web is 
spaced about 1 to 2 inches from the orifices during treat 
ment and the web is passed under the streams a number 
of times until a clearly defined pattern is obtained. The 
patterning plate is obtained by modifying a perforated 
brass plate having 0.075-inch diameter holes arranged 
in staggered array, the plate having 50% open area and 
112 holes/in2. One-third of the holes in the plate are filled 
by inserting rivets in them, the rivet head providing a 
hemispherical protuberance on the surface of the plate 
wherever a rivet is inserted, to provide a modified plate 
wherein the remaining holes define a pattern of hexagons. 
This is showr below wherein blackened circles indicate 
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rivet heads, open circles indicate holes in the plate, and 
dotted lines show the hexagon pattern. 

In general, a web can be patterned and entangled on the 
modified plate with greater ease than on the unmodified 
plate. The product obtained on the modified plate has 
entangled fiber areas corresponding to the apertures of the 
plate and which are linked with one another by bundles of 
parallelized fibers as indicated by the dotted lines, above, 
to define a hexagonal-mesh pattern. In this particular prod 
uct, the entangled fiber areas lie substantially in the same 
plane as the fiber bundles, i.e., they do not protrude from 
the remainder of the fabric. This is believed to be due in 
part to the particular arrangement of fibers in the hex 
agonal pattern where 3 radial bundles only are entangled 
together at each Y-shaped intersection. 
The web thus obtained is removed from the plate, int 

mersed in boiling water for about 2 minutes to shrink the 
fibers, and then heat-set by pressing it at 200° C. while it 
is held under slight restraint between 100-mesh screens, 
Properties of the fabric are as follows: 
Weight (oz/yd") ---------------------------- 1.92 
Strip tensile strength (lbs./in.//oz./yd.?) --------- 6.6 
Elongation (percent) ------------------------- 137 
5% secant modulus (lbs./in.//oz./yd.?) --------- 0.28 
The product is a highly drapable, strong fabric suitable 

for apparel uses. 
Example 53 

This example illustrates the preparation of an anisotropic 
fabric having high tensile strength along one axis thereof 
by further treatment of a triangular-mesh-patterned, non 
woven fabric. 
Two initial materials are prepared. Sample A is a web 

of randomly-disposed, polyethylene terephthalate, staple 
fibers having a denier per filament of 1.5 (0.168 tex). Sam 
ple B is a carded web of the same fiber. 

Using apparatus of the type shown in FIGURE 1, each 
sample is treated, while supported on a patterning plate, 
with the high-energy-flux streams of water (about 50° C.) 
issuing from 0.005-inch orifices arranged along a 2 inch 
line in a tube having a diameter of 0.25 inch at a density 
of 40 orifices/inch. The patterning plate has 112 holes/in. 
and 50% open area, the holes being 0.075 inch in diameter 
and being in staggered array. Using a water pressure of 
1500 p.s. i., each sample is passed under the streams about 
10 times. 
The nonwoven, triangular-mesh-patterned fabric so ob 

tained is dried and is then subjected to stretching along an 
axis defined by a line bisecting the triangles in the fabric, 
whereby the fabric pattern collapses somewhat like a 
pantograph. The fabric is stretched to a length about 20% 
greater than its original length. For the carded sample, the 
stretch direction also coincides with a line 30' from the 
original machine direction of the carded web. 
While in the stretched state, the samples are heat-set for 

2 minutes at 190° C. Properties of the original nonwoven, 
patterned fabric and the stretched and heat-set fabric are 
given below. 

  



3,485,706 

Strip Tensile Strength Elongation 
(lbs.fin. I?oz.fyd.2) (percent) 

Sample Direction Original Treated Original Treated 

A----------- (MD).----- 8.0 12.0 b8 23 
A----------- (TD).----- 8.1 4. 69 176 
B-- ---- (MD)----. 4, 8 20.6 60 29 
B----------- (TD).---- 5.8 3.2 1. 238 

MD =Measured along axis of stretching. 
TD=Measured normal to MD. 

As may be seen from the above properties, the heat-set, 
stretched fabrics are characterized by a high, unidirec 
tional tensile strength, resulting from the alignment of the 
linking bundles of fibers along a single direction. Such 
fabrics are particularly suitable for use as conveyor belt 
ing, tying ribbons, adhesive tape backing, pipe Wrap, tire 
reinforcement, and the like. 

Instead of nonwoven, triangular-mesh-patterned fabrics, 
those having square-mesh, hexagonal-mesh or other pat 
terns may be used, the stretching being carried out so as 
to collapse the pattern pantograph-wise and thereby align 
the fiber bundles. The fibers may be stabilized in the new 
direction by other means than heat-setting, e.g., by im 
pregnation with a binder such as rubber or the like. 

Example 54 
This example illustrates the effect of duration of treat 

ment on the properties of several multilevel, patterned 
non WOWen StructureS. 
As initial material there is used a web of randomly 

disposed staple fibers, the web having a weight of about 
2.3 oz./yd.? and prepared from a 50/50 blend of acrylic 
fiber and rayon fiber. Both fibers have a denier per fila 
ment of 1.5 (0.17 tex). The acrylic fiber is 1.5-inches 
long; the rayon fiber is 1.56-inches long. 
Apparatus of the type shown in FIGURE 1 is used 

with a manifold having 0.005-inch orifices spaced 40/ 
inch, the manifold having a wall thickness of 0.015 inch. 
This provides a flow rate of 0.9 gal. per linear inch at a 
water pressure of 1800 p.s. i. At this pressure, and using 
orifices spaced along a one-yard length of the manifold, 
the orifices deliver to total of 32.4 gal./min. A sample 
passing thereunder at 1 yd./min... uses about 32 gallons 
of water per square yard of Sample. 

Fabrics are prepared by treating the initial material as 
it is supported on the desired apertured patterning mem 
ber, passing under the manifold in the manner of a con 
veyor belt at 1 to 10 yds./min. and spaced about 1 inch 
from the orifices, the manifold being arranged to oscillate 
so that the uniformity of the treatment is improved. 
Fabrics are made (1) on a plain weave, 15-mesh pattern 
ing screen having 0.041-inch diameter wires and 15.2% 
open area and (2) on a screen having oblong apertures, 
21% open area, and 30 x 8 wires/in., the wire diameters, 
respectively, being 0.018 x 0.032 inch. A series of samples 
is prepared on each screen by subjecting the initial ma 
terial to anywhere from 1 to 100 passes under the streams, 
the corresponding water consumption being from 3.2 to 
3200 gal./yd. of fabric. 
The fabrics thus obtained are subjected to 15 washings 

in a conventional, household washing-machine and are 
then subjectively rated for surface stability by two testers. 
A rating is assigned to each sample with 5 being excellent, 
3-acceptable, and 1-poor. When acceptability ratings 
are plotted against gal./yd. of water used in making the 
fabric, it is observed that an acceptable rating of 3 can 
be reached at about 160 gal./yd. with the 15 mesh screen 
and at about 60 gal./yd, with the oblong screen for the 
processing conditions described in this example. It is to 
be noted that the above water consumption figures do not 
represent the absolute minimum amounts necessary to 
achieve nonwoven pattern products of high surface 
Stability, since other processing conditions can be varied 
to achieve the same surface stability at different water 
consumptions. 
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Example 55 

This example illustrates the preparation of a patterned 
nonwoven fabric wherein the entangled areas are adjacent 
one another, i.e., placed so close to one another that they 
are interconnected by individual very short fiber segments 
spaced fairly uniformly about the mass of entangled 
fibers, the segments being discernible only upon close 
examination. 

(A) The initial material is prepared by crosslapping 
three carded batts, each having a weight of about 1 oz./ 
yd., the batts being prepared from postshrinkable acrylic 
staple fibers having a denier per filament of 6 (0.67 tex). 
The initial material is placed on a patterning plate having 
57 holes/in.., 49% open area and a hole diameter of 
0.1 inch, the holes being arranged in staggered array. 

Using apparatus of the type shown in FIGURE 1, the 
initial material, while on the plate, is passed under streams 
issuing from 0.005-inch orifices arranged in line in a 
manifold and spaced 40 holes/inch. Water at about 50° C. 
is used and all passes are made at about 1 to 2 inches 
from the orifices. The assembly is subjected to 2 passes 
at each of 100, 300, 500 and 800 p.si. The sample is 
then removed from the plate, turned over, and replaced 
on the plate. Three additional batts, crosslapped with 
respect to one another, are then laid on the sample and 
the above treatment is repeated. The product thus ob 
tained is then turned over on the plate and given 2 passes 
at 500 p.s. i., 2 at 1000 p.s. i., and 6 at 1200 p.s.i. 
The patterned product has entangled fiber areas stag 

gered with respect to one another and adjacent one an 
other. Upon close examination it is observed that indi 
vidual fibers extend in an almost continuous pattern 
around the periphery of the area and almost immediately 
disappear into a neighboring entangled fiber area. 
The patterned nonwoven fabric thus obtained is given 

a 5 minute boil-off in Water, whereupon it under goes an 
area shrinkage of about 24%. It is then subjected to five 
Wash cycles in a conventional household Washing-machine. 
Properties of the thus treated fabric are as follows. 
Weight (oz./yd') --------------------------- 6.5 
Strip tensile strength (lbs./in.//oz./yd.?) -------- 1.3 
Elongation (percent) ---------------------- 55 
5%. Secant modulus (1b./in.//oz./yd.2) ------ 0.6 
Thickness (in.) ---------------------------- 0.058 
Bending length (cam.) ----------------------- 2.4 
Fiber interlock value ---------------------- 12 
Entanglement completeness --------------- 0.75 

In general, staggered-hole patterning plates can be used 
to prepare patterned products having adjacent entangled 
areas (as opposed to entangled areas linked with one an 
other via bundles of parallelized fibers) by using an initial 
material having a high area weight in relation to hole 
size. For the conditions used in this example, the appro 
priate relationship is reached at about 6 oz./yd.? for the 
acrylic Staple Web. The fabrics of this type which are of 
primary interest have dense entangled fiber regions which 
occupy at least 40% of the total patterned area and are 
arranged in a regular pattern with the centers of entangled 
fiber regions at Substantially uniform distances from the 
centers of adjacent entangled regions. Preferably the en 
tangled regions have a compact shape, such as a circular, 
triangular, square, rectangular, or hexagonal shape, for 
which the diameter of the inscribed circle is at least 50% 
of the diameter of a circle circumscribed about the perim eter of the entangled region. Between the adjacent en 
tangled regions are interconnecting fibers which are close 
ly distributed along the peripheries of the entangled re 
gions, lie in the plane of the fabric and project at abrupt 
angles from the perimeters of the entangled regions. Where 
these adjacent perimeters are substantially parallel, the 
interconnecting fibers are substantially parallel to each 
other and perpendicular to the perimeters. At other loca 
tions the interconnecting fibers are generally more or less 
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parallel to lines projected between centers of the adjacent 
entangled fiber regions. 

Further examples follow: 
(B) The inital material consists of two webs, one laid 

on the other, each web having a weight of about 2.5 
oZ./yd... The webs contain randomly-disposed continuous 
filaments of polyethylene terephthalate. The filaments of 
one Web are capable of undergoing a linear shrinkage of 
about 29% upon treatment with hot water. 

This initial material is placed on a patterning plate hav 
ing 33 holes/sq. in. and 63% open area. Hole diameter 
is 0.156 inch and the holes are arranged in staggered 
array on 0.188-inch centers. The assembly is treated with 
Water streams issuing from a line of 0.007-inch orifices at 
1000 p.s.i.g. at a web-orifice distance of 2 inches until a 
well-defined pattern of entangled fiber regions is obtained. 
The thus-obtained fabric is then removed from the 

plate and immersed in water at about 85 C. for about 
5 minutes. This causes the fabric to undergo an area 
Shrinkage of about 32%. Original thickness of the fabric 
is about 0.04 inch; final thickness is about 0.055 inch. The 
final fabric weighs approximately 7 oz./yd.2 and has a 
fiber interlock value of 31. 

(C) The initial material is a carded batt (3 oz./yd.2) 
of rayon staple fibers having a length of 1.5 inches and a 
denier per filament of 1.5. 

This initial material is placed on the patterning plate 
for item (B) and the assembly is treated with water 
streams at 1000 p.s. i. issuing from a line of 0.005-inch 
orifices at a web-orifice distance of 2 inches until a well 
defined pattern of entangled fiber regions is obtained. 
The fabric so obtained is then removed from the plate, 

dried and tested. Properties of the fabric are given below. 
The fiber interlock value is greater than 7. 
Tensile strength (lb./in.)/(oz./yd.?) ---------- 2.64 
Elongation (percent) ------------------------- 40 
Initial modulus (lb./in.//oz./yd.?) -------------- 7.3 
Tongue tear strength (b./oz./yd.?) ------------- 0.69 
The fabric of item (C) is lighter in weight than the 

fabric of item (B). However, both fabrics have good bulk 
and high covering power. When viewed without magnifica 
tion, both fabrics have entangled fiber regions which are 
so close to each other as to appear to be almost touching. 
Under magnification, the interconnecting radial arrays are 
discernible. 

Other fibers and/or patterning plates can be used for 
Such products; coarser or finer patterns are also possible. 
Products having adjacent entangled regions are partic 
ularly suitable for end uses requiring high covering power 
and/or bulk Such as, for example, blankets or heavy ap 
parel fabrics. 

Example 56 

This example illustrates the preparation of nonwoven, 
multilevel patterned structures from a layered initial ma 
terial wherein at least one component is a web of continu 
ous fibers running in one direction, such as a warp. 
A uniform warp of about 1.5 oz./yd.? is prepared from 

high-tenacity nylon yarn containing 68 filaments and hav 
ing a total denier of 140 (15.7 tex). The filaments have 
a tenacity of 7.4 g/denier (66 g/tex). This warp is sand 
wiched between two 0.5 oz./yd.? webs of randomly-dis 
posed, polyethylene terephthalate staple fiber having a 
denier per filament of 1.5 (0.168 tex) and a length of 1.5 
inches. The composite of the warp and random overlays is 
placed on a 10 mesh, 21% open area, plain weave, wire 
Screen having a wire diameter of .054 inch. The wires run 
ning in one direction have a low crip amplitude, forming 
minor protrusions in that direction; the wires running 
transverse thereto have a high crimp amplitude to form 
major protrusions in the transverse direction as illustrated 
in FIGURE 14. The composite is placed on the screen so 
that the fibers of the warp run in the direction corre 
Sponding to the major crimp axis of the screen. 
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Using apparatus of the type shown in FIGURE 1, the 

composite, while on the Screen, is treated with the high 
energy-flux streams of water (about 65° C.) issuing from 
0.005-inch orifices arranged along an 8-inch line in a 
manifold having a diameter of 0.25 inch at a density of 40 
orifices/inch. A top plate is placed on the composite and 
the assembly is passed under the streams 10 times at 1900 
p.s. i. water pressure. The top plate has 726 holes/inch 
and 50% open area and serves only to hold the composite 
in place during initial treatment, i.e., it does not serve to 
influence patterning. The top plate is then removed and 
the composite is given about 10 additional passes under 
the streams, all passes being made in the direction of the 
warp fibers. 

During treatment, the warp fibers are caused to Sepa 
rate into parallel ribbon-like bundles of continuous fibers 
following the deeply recessed grooves of the screen run 
ning parallel to the major-crimp-wire axis. In generally 
transverse direction to the ribbon-like bundles are paral 
lelized-fiber bundles having a substantially round cross 
section, following sinusoidal paths across the fabric, and 
protruding as ridges from one face of the fabric. The 
latter yarn bundles are formed of parallelized-fiber seg 
ments interconnected axially by entanglement in the re 
gion of intersection with the ribbon-like bundles, certain 
fiber segments passing above and below the ribbon-like 
bundles at these intersections. The resulting fabric is 
dried and removed from the screen. 

Properties of the fabric after drying, are as follows: 

MD XD 

Weight (o2-yd')------------------------------------------ 2.65 
Strip Tensile Strength (b fyd w 40 1.5 
Elongatlon (percent)--------------------- 33 66 
Initial Modulus (libs.fin.lioz.fyd.?)----------------------- 127 2. 

MD =Measured in warp direction. 
XD as Measured 90° to warp direction. 

Table 16 illustrates other types of reinforced products. 
The multiple filament yarns of items a and b are com 

mercially available yarns of 70 filaments and 1.3 to 2 
d.p.f. The warp for item c is made by combing a tow of 
acrylic filaments having a potential shrinkage of about 
25%. The random webs of items d and d are made using 
the method of British Patent No. 932,482. A zero-twist 
continuous filament yarn (34 filaments, 70 total denier 
of 66 nylon) is passed over a rotating electrode charged 
to 1500 volts and then through an oscillating forwarding 
air jet onto a 40-inch wide paper on a moving belt. The 
separate filaments of item e are 70 denier spandex yarn 
of coalesced multifilaments. The warp is stretched about 
200% and held in that tension during the hydraulic treat 
ment. 

The reinforcing layers are combined with 1 or more 
layers of staple fiber webs, placed on a patterning mem 
ber (typically a 10 to 30-mesh screen) and treated with 
essentially columnar streams of water at pressures of up 
to 1000 or 1500 p.s.i.g. 
The column "product structure' shows the final se 

quence of staple fiber layers (S) and the reinforcing 
Structures (R). The products may be made by entangling 
only two layers at a time and adding other layers with 
additional hydraulic treatment or by treating the entire 
composite as a whole. 
The final products are strong, well-entangled products 

of this invention having weights of from 1.2 to 5.3 oz./ 
yd.2. 
Upon steaming item b in a relaxed condition, the 

fabric shrinks about 16% linearly in both directions and 
then has a woven-like design of nearly-closed elongated 
holes, with 20% recoverable stretch in both warp direc 
tions and about 40% in the bias (diagonal) direction. 

Heating item c to 120° C. affords 39% shrinkage in the 
Warp direction and a 10% expansion in the opposite 
direction to give a strong, soft fabric with elongated aper 
teS. 
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Items d and d have average tensile recoveries from 

15% elongation of 70% and 98.5%, respectively. 
The final product of item e is a bulky, puckered fabric 

with high elasticity in the warp direction. The pattern of 
apertures is readily apparent when the fabric is stretched 
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to the plane of the batt by means of pressure rolls to 
provide a product having a paper-like hand. The sheet 
has a weight of about 2 oz./yd.?. 

Using apparatus of the type shown in FIGURE 1, the 
sheet, while supported on a patterning plate, is subjected 

flat. to the high-energy-flux streams of water issuing from 
Any elastic filaments and/or yarns may be used in the 0.005-inch orifices spaced 20/inch and arranged in line 

tensioned warp and any fibers may be used in the surface in a manifold having a wall thickness of 0.015 inch. The 
layer, including continuous filaments, staple or yarn. The patterning plate has 0.048-inch diameter holes in staggered 
surfacing fibers may be placed on one side only or on O array arranged on 0.08-inch centers. The sheet is given 
both sides of the tensioned elastic warp. A two-Way- 8 passes under the streams in one direction and 8 passes 
stretch, patterned nonwoven fabric is made by tensioning normal to the first direction, the water pressure being be 
elastic filaments and/or yarns in a cross-warp arrange- tween 1500 and 2000 p.si. and the sheet being about 1 
ment, placing a layer of surfacing fibers on one or both inch from the orifices during treatment. Properties of the 
sides of the cross-warp, placing the composite over a nonwoven, triangular-mesh-patterned fabric thus obtained 
patterning member and treating with the high pressure are given below along with properties of the initial ma 
columnar jets. terial. Abrasion resistance is determined as described in 

TABLE 6 

Entangle 
Reinforcing Layer Staple Fiber Fiber ment Com 

Product Interlock pleteness 
Item Fiber Form. Type Structure Type Percent Structure Wallie (c) 

Continuous 
Filaments 

ai - - - - - - - - - 91 
a2-- ... Yan- - wa- as as a as P---------- Warp------------------ A--------------- g; SIRIS----------------- *0.93 

82 SIRISFR FS.------- 14 *1.1 

S.S.R.S.------------- ... ----------0.85 
(SS/R/S.------------ 13 **05 

8-- - - - - - - - - Separate.------ S---------- Tensioned warp------- P---------- 96 SRS--------------------------------------- 

*Measured at 45° to warp direction, 
**One direction only. Fiber type: A, acrylic; B bicomponent (crimpable); N, nylon; P, polyester; S, Spandex; R, rayon. 

Similar products can be made with other overlays and/ 
or underlays of carded fibers or random webs, using a 
unidirectional or cross-warp fiber array as reinforcement. 

Other desirable products can be made by the above 
process using 3 cross-warps of highly crimped, textured 
yarns, with the top and bottom warps being transversely 
oriented to the intervening warp. The structures thus ob 
tained have yarn-bundle intersections where the fibers 
pass straight through the intersection so that the fiber 
bundles in one axis of the fabric are completely mobile 
with respect to the fiber bundles in the other axis. These 
fabrics derive their strength and stability by entanglement 
of the fibers along the fiber bundles between the intersec 
tions rather than by entanglement at the intersection. 

Continuous-fiber reinforced fabrics can be made in 
scrim-like light weights or in heavier weights. The scrim 
like products are particularly suitable for use in medical 
applications such as gauzes and bandages and in industrial 
applications such as paper-reinforcement and bagging. 
Heavier structures are particularly suitable for rein 
forcement of rubber goods, such as tires, conveyor belts 
and the like or as replacement for woven fabrics such as 
crinolines, buckrams, marquisettes, voiles and other rela 
tively open weave fabrics. 

Example 57 
This example illustrates the preparation of a triangu 

lar-mesh-patterned fabric of high drape and suede-like 
properties from a polyethylene nonwoven sheet. 
The initial material is a film-fibril sheet of the type de 

scribed in Belgian Patent No. 625,998 and made by the 
random overlapping deposition of continuous plexifila 
mentary strands. These strands, described in Blades et al. 
U.S. Patent No. 3,081,519, are each characterized as a 
three-dimensional network of film-fibrils which are inter 
connected at random intervals along and across the strand. 
The individual film-fibrils are composed of molecularly 
oriented crystalline organic polymer and have a thickness 
of less than four microns. In the present instance, the 
polymer is linear polyethylene and the strands are de 
posited in random overlapping relationship by electro 
static laydown on a moving belt. The initial product so 
obtained is then lightly compacted in a direction normal 
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American Society for Testing and Materials (ASTM) 
Standards (1961), Part 9, pages 318-326, except that the 
flat sample-holding plate is replaced by a curved plate, 
having a radius of curvature of 6 inches at the Surface 
over which the test sample is wrapped. 

Initial Nonwoven 
Sheet Fabric 

Tensile Strength (lbs.fin. ffoz.fyd.).---------------- 6 3.2 
Bending Length (cm.)---------------------------- 5.9 1.3 
Abrasion Resistance (Cycles to Fa 

Side 1---------------------------------------- 6 27 
Side 2--------------- . . . . . . . . . . . 14 10 

Fiber Interlock Value--------------------------------------- 17 

As may be seen from the table, the nonwoven fabric 
is considerably stronger and more abrasion-resistant than 
the untreated sheet. While the initial material is paper 
like in hand, the nonwoven fabric is supple and suede 
like in texture, suitable for apparel fabrics. The im 
proved drape of the nonwoven fabric is evident from the 
change in bending length over that of the initial materia. 

Example 58 
This example illustrates the preparation of a non-woven 

patterned fabric having square areas of random fibers ar 
ranged in a geometrical design and interconnected with 
one another on diagonal axes by entangled fiber regions. 
Segments of fibers from adjacent random squares will 
be found in each entangled fiber region. 
The initial material is a staple fiber web of randomly 

disposed polyethylene terephthalate fibers, having a denier 
per filament of 1.5 (0.17 tex) and a length of 1.5 inches. 
The patterning plate has (1) protruding pins of square 

base pyramid shape arranged in staggered rows across 
the plate and spaced 0.188 inch apart, (2) circular aper 
tures having a diameter of 0.09 inch at the four corners 
of the base of each pyramid, such that the pyramids are 
Separated diagonally by apertures and (3) smooth pla 
teau areas located between pyramids. 
The web is placed on the plate and is passed several 

times under essentially columnar streams of water issu 
ing from 0.005-inch orifices arranged in line in a mani 
fold at a density of 30 orifices/inch. During treatment the 
web is spaced about 1.25 inches from the orifices and 
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water pressure is increased progressively from 500 to 
1500 p.s.i. 
The patterned, nonwoven fabric has (1) regularly 

spaced apertures corresponding to the areas where pyra 
mids are present on the patterning plate, (2) Square areas 
of randomly-disposed fibers corresponding to the plateau 
areas of the plate, and (3) entangled fiber areas or nubs 
connecting the random areas diagonally and correspond 
ing to the apertures in the plate. 
The fabric has good drape and textile properties. The 

tensile strength is 2.3 lbs./in.//oz./yd and the elonga 
tion is 68%. 

Example 59 
This example illustrates the preparation of a patterned 

nonwoven fabric having generally oblong-shaped entan 
gled regions interconnected with one another by fibers 
which form a substantially continuous array around pe 
ripheries of the entagled fiber regions, 
The initial material is a 3 oz./yd.? (101.4 g/m.) Web 

of randomly-disposed acrylic staple fibers having a length. 
of 1.5 inches (3.81 cm.) and a denier per filament of 1.5 
(0.17 tex). 
The initial material is placed on a patterning plate 

having closely-adjacent oblong-shaped openings in a stag 
gered arrangement; the plate having 45% open area. 

Using apparatus of the type shown in FIGURE 1, the 
initial material while on the plate is treated with streams 
of water (60° C.) issuing from 0.007-inch orifices ar 
ranged in line and spaced 20 orifices/inch, the Web be 
ing spaced about 1.5 inches from the orifices during 
treatment. Initially a top screen (14 x 18 wires/inch) is 
placed on the web and the assembly is passed under the 
streams 8 times at 100 p.s. i., 8 times at 200 p.s. i. and 8 
times at 500 p.s.i. 
The top screen is used to help hold the web in place; 

it does not influence the patterning of the web. The top 
screen is then removed and the web on its patterning plate 
is passed under the streams 8 times at each of the follow 
ing water pressures: 200, 300, 500, 700, 900 and 1200 
p.s. i. Half of the above passes are made along one direc 
tion of the patterning plate and half at 90 thereto. 
The fabric so obtained is then removed from the plate 

and dried. It is shown with magnification in FIGURE 10. 
The fiber interlock value of the fabric is 17.5. 

Example 60 
This example illustrates the preparation of triangular 

mesh-patterned, nonwoven fabrics from blends of staple 
fibers to produce products having improved surface sta 
bility. 
The initial material is a batt of randomly-disposed, 

blended staple fibers prepared by an air-laying technique. 
The batt contains 50% by weight of 1.5 denier per fila 
ment (0.17 tex), 1.5-inch acrylic staple fibers and 50% 
by weight of 1.5 denier per filament, 0.25-inch rayon sta 
ple fibers. 
Using apparatus of the type shown in FIGURE 1, a 

nonwoven fabric is prepared from the batt as follows. 
The batt is placed upon a stainless-steel patterning plate 
having a planar surface. The plate has 112 holes/square 
inch arranged in staggered array, the diameter of the 
holes being 0.075 inch, and has 50% open area. A thin 
plate having 132 holes/sq. in, and 41% open area is laid 
on top of the batt, to help hold it in place, and the as 
sembly is passed under the high-energy-flux streams of 
water issuing from 0.005-inch orifices, arranged in line 
at a density of 40 orifices per inch, using a water pres 
sure of 1500 p.s. i. After 8 passes under the water streams, 
the top plate is removed and the batt is then subjected to 
four passes at 1000 p.s. i. and 4 at 1500 p.s. i. The batt is 
then removed from the patterning plate, turned over, and 
replaced on the plate without attempting to maintain the 
original registry of the batt with the holes of the plate. 
Treatment of the reverse side consists of 2 passes at 1000 
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p.s. i., 2 at 1500 p.s. i., and 4 at 1800 p.si. During all of 
the above treatment, each pass is made at a right angle to 
the preceding pass. 
The patterned, nonwoven fabric is then removed from 

the plate, dried and tested. Physical properties of the 
fabric are as follows: 

Weight (oZ./yd.) -------------------------- 3.8 
Strip tensile strength (lbs./in.//oZ./yd') ------- 3.9 
Elongation (percent) ------------------------ 59 
5% secant modulus (lbs./in.//oz./yd.) -------- 0.51 
Bending length (cm.) ------------------------ 1.33 
Thickness (inch) --------------------------- 0.047 
Entanglement completeness ------------------- 0.89 
Entanglement frequency --------------------- 44 

In a separate test, samples are subjected to vigorous 
washing in a commercially available, household Washing 
machine of the agitator type. To more nearly simulate 
normal washing conditions (full load) and to provide a 
source of lint, the sample is washed together with 10 new, 
woven, cotton hand towels. Warm water (about 50 C.) 
and a laundry detergent are used, and washing is con 
tinued for 100 minutes. The sample is then removed, 
rinsed, dried, and examined for lint pick-up, fuzzing, 
pilling or other signs of surface distortion. The sample 
is found to have excellent surface stability. 
A series of samples is then prepared and tested as above 

which illustrates the effects of fiber length and fiber pro 
portions on the surface stability of the product. If the 
length of the acrylic staple is kept at 1.5 inch and the 
ratio of acrylic staple to rayon staple is kept constant, it 
is observed that surface stability increases as the length 
of the rayon staple is decreased, from approximately the 
same as that of the acrylic staple, to 0.75 inch, and to 
0.25 inch. Similarly, the series shows that for a given 
length ratio, e.g., when using 4 inch rayon with 1.5 
acrylic staple, surface stability increases as the proportion 
of the shorter fiber is increased from 10% to 25% and 
to 50%. For this particular combination of fibers, it was 
found that satisfactory surface stability could be achieved 
by blending the acrylic staple with as little as 10% of the 
0.25 inch rayon staple or 50% of the 0.75 inch rayon 
staple. Products composed of a 50/50 blend of the 1.5 
inch rayon and acrylic staple, or of 100% acrylic staple, 
lacked adequate surface stability for many end-uses. 

Example 61 

This example illustrates the preparation of a multi 
level pattern structure from blends of staple fibers to 
produce products having improved surface stability. 
The initial material is a batt of randomly-disposed, 

blended staple fibers prepared by an air-laying technique. 
The batt contains 50% by weight of 1.5 denier per fila 
ment (0.17 tex), 1.5-inch acrylic staple fibers and 50% 
by Weight of 1.5 denier per filament, 0.25-inch rayon 
Igle fibers and has a weight of approximately 3 oz./ 
yd.4. 

Using apparatus of the type shown in FIGURE 1, a 
nonwoven, multilevel patterned structure is prepared 
from the batt as follows. The batt is placed on a 15-mesh 
plain Weave screen having 15.2% open area and made 
from wires having a diameter of 0.041 inch. The screen 
Wires have a moderate degree of crimp amplitude in one 
axis and a greater degree of crimp amplitude in the trans 
Verse axis. Accordingly, the screen surface is character 
ized by a series of slight protrusions, corresponding to 
the wire crimps, along one axis and a series of high pro 
trusions along the transverse axis. The difference in crimp 
amplitude in the two axes of the screen and the inter 
Weaving of the wires impart to the screen a contour char 
acterized by longitudinal and transverse, regularly-spaced 
channels or grooves, which are in addition to the actual 
drainage apertures formed by the crossing wires. The 
channels running in one direction follow generally sinus 
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oidal paths, which are parallel and 180 degrees out of 
phase with respect to each adjacent one. 
A thin pate having 462 holes/in. and 50% open area 

is laid on top of the batt to help hold it in place and the 
assembly is passed four times under high-energy-flux 
streams of water issuing from 0.005-inch orifices arranged 
in line at a density of 40 per inch using a water pressure 
of 1200 p.s. i. The top plate is then removed and the batt is 
passed under the streams twice at 500 p.s. i., twice at 750 
p.s. i., twice at 1000 p.s. i., and 30 times at 1500 p.si. The 
batt is then removed from the screen, turned over, and re 
placed on the screen without attempting to maintain the 
original registry of the batt with the holes of the screen. 
Treatment of the reverse side consists of two passes at 
1000 p.s. i. with the top plate described above and, after re 
moval of the top plate, 60 passes at 1500 p.s. i. Water at a 
temperature of 65° to 70° C. is used in the treatment. Half 
of the above passes are made in one direction and half are 
made transverse thereto. 
The resulting nonwoven product is removed from the 

patterning screen and found to have an appearance simi 
lar to the fabric shown in FIGURE 18. One face of the 
product has ridge-like elements comprising parallelized 
fiber groups interconnected axially at entangled regions, 
which protrude from the face of the structure and follow 
generally sinusoidal paths across the structure. Running 
generally transverse to the sinusoidal ridges and present in 
a different thickness zone or level intermediate of the struc 
ture are groups of parallelized fibers interconnected axially 
at entangled regions and following a substantially straight 
path. On the other side of the transverse fibers, and form 
ing the face of the structure opposite to the face having 
the sinusoidal ridges, are ordered groups of fibers which 
provide a repeating pattern of rectangles interconnected 
diagonally via localized areas of entanglement, individual 
fibers in the rectangles being randomly disposed with re 
spect to one another to provide a felted appearance. The 
above three groups of fibers (the sinusoidal ridge fibers, 
the intermediate transverse fibers and the fibers forming 
the pattern of rectangles) are integrated with one another 
through the thickness of the structure at the localized areas 
made up of highly entangled fibers common to all groups. 

After removal from the screen, the product is immersed 
in boiling water for about five minutes, dried in a house 
hold-type, hot-air tumble dryer and tested. The resulting 
nonwoven fabric is soft, drapable, strong and particularly 
suitable for use as a diaper fabric. Properties are as fol 
lows: 

Weight (oz./yd") --------------------------- 2.6 
Strip tensile strength (lbs./in.//oz./yd.?) -------- 3.3 
Elongation (percent) ------------------------ 42.0 
5% secant modulus (lbs./in.//oz./yd.?) -------- 1.1 
Thickness (inch) ---------------------------- 0.042 
A sample of the fabric is also subjected to a laundering 

test to determine surface stability. The test load consists 
of 22 conventional diapers (to provide a source of lint and 
to simulate normal washing conditions), the above sample 
and a control sample made without the short fibers. This 
is washed in an agitator-type, commercially available 
household washing machine, using a "cotton' or high-heat 
setting and a laundry detergent. The load is put through 
a complete wash, rinse and a damp-dry cycle after which 
it is removed and dried for 20 minutes in a household 
drier of the "tumble-dry' type at maximum drier temper 
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ature. The above wash-and-dry procedure is repeated 25 
times, after which the sample is removed and subjectively 
rated for fuzz and pill resistance. Both of the nonwoven, 
patterned fabrics remain integral after this severe treat 
ment. The sample prepared from the blend of fibers is ob 
served to be superior in fuzz and pill resistance to the one 
prepared without the short fibers. 

Example 62 

This example illustrates the preparation of apertured, 
patterned nonwoven fabrics from rayon fibers by treat 
ment with essentially columnar streams jetted at 200 p.s.i. 
pressure, and demonstrates the criticality of the intensity 
and amount of treatment. 
A Series of 6 samples, coded A to F, is prepared using 

as initial material a web of randomly-disposed fibers pre 
pared by an air-laying technique. Each initial web is made 
up of 50% of 1.5-inch, 1.5 denier per filament rayon 
fibers and 50% of 0.25-inch, 1.5 denier per filament rayon 
fibers. Initial web B weighs 1 oz./yd.?; each of the other 
webs weighs 2 oz./yd.2. 

Using apparatus of the type shown in FIGURE 2, each 
web is treated with streams of water while supported on a 
14 mesh (14 X 14 wires per inch), plain weave, patterning 
screen, having 18% open area. 
The manifold assembly used in the treatment has a 

single row of funnel-shaped orifices spaced 20 per inch 
and arranged so that the treating liquid enters the cylin 
drical portion of the funnel and exits as a stream from the 
frusto-conical portion. The over-all length of the orifice 
is 0.012 inch. The cylindrical portion is 0.0012-inch long, 
0.0034-inch diameter, and has a sharp edge at the liquid 
entrance. The frusto-conical portion is 0.011-inch long 
and has a diameter of 0.015 inch at the exit edge of the 
cone. During treatment the manifold assembly is oscil 
lated approximately 3 cycles/second. Special care is taken 
in the cleaning and boring of the orifices to get as sharp 
an entry into the orifice and as smooth a bore along the 
walls of the orifice as possible so as to minimize any break 
ing up of the stream issuing from the orifice. 

Uniformity of water distribution to the orifices is facili 
tated by use of a cylindrical filter which is mounted co 
axially within the manifold assembly, spaced from the 
walls thereof, and extends over the full length of the mani 
fold assembly. The filter is constructed from a 0.006-inch 
thick nickel plate containing 0.002-inch diameter holes to 
give a total open area of 3.5%. 
The web and screen assembly is passed repeatedly under 

the streams of water (at 50 C.) at a distance of 4 inches 
from the orifices for Sample F and 6 inches for all other 
samples. The water pressure is 200 p.s. i. and the web speed 
is 2 yds./min. for all treatments. Processing of each web 
includes an initial number of passes while the web is sup 
ported on the patterning screen and covered by a top 
screen of high open area (14 x 18 mesh and 71% open 
area), which initial treatment serves only to hold the web 
in place, followed by treatment without the top screen for 
a larger number of passes. 

Table 17 gives the number of passes, determinations of 
the energy flux (EF), and energy (E) expended during the 
processing, and results of physical tests for each sample. 
In physical appearance, Sample B is similar to the product 
shown in FIGURE 13 and the other samples are similar to 
the product of FIGURE 18. 
TABLE 7 

Strip 
Initial Final Energy Tensile Entangle- Fiber 

Initial Treatment Treatment Flux (EF) Energy Strength ment Fre- Entangle- Inter 
Sample Web Wt., Passes Passes (ft.-poundals (HPhr (lb.find quency (f) ment Com- lock 
Code oz.fyd.2 (No.) (No.) in.2/sec.) per lb.) oz.fyd.2) (per inch) pleteness (c) Walue 

2 2 8 23,000 0.17 1.1 20 0.28 
1. 2 8 23,000 0.34 .9 26 0.48 
2 10 20 23,000 0.51 9 36 0.48 
2 10 50 23,000 .0 2.2 28 0.53 
2 56 526 23,000 9.8 2.8 62 0.59 
2 40 160 61,000 3.4 2.6 93 0.57 
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The table shows that values of about 0.5 entanglement 
completeness (c) are obtained at energy flux (EF) values 
of 23,000 ft-poundals/in2 sec. or higher and at energy 
(E) values of 0.2 or more HP-hrs./lb. of product (San 
ples B to F). At a given energy flux (EF), the strip tensile 
strength increases with increased expenditure of energy 
(E). Thus, at EF=23,000, tensile strength increases from 
1.9 b/in//oz./yd.2 at E=0.34 HP-hrs./lb. to 2.8 lb./in. 
//oz/yd.2 at E=9.8 HP-hrs./lb. (Samples B to E). The 
strip tensile strength is also dependent upon the energy 
flux (EF). A strength of 2.8 is reached as EF=23,000 
and E-9.8 (Sample E), whereas almost the same strength 
(2.6) is reached at E=3.4 when EF=61,000 (Sample F). 

Example 63 
This example describes preparation of additional pat 

terned, apertured nonwovens and illustrates the type of 
entanglement obtained. 
Sample A is prepared from a 2.5 oz./yd. Web of 1.5- 

inch, 1.5 denier per filament, polyethylene terephthalate 
staple. Using apparatus like that in FIGURE 2, the web 
is supported on a 15 x 15 wires per inch, 15.2% open area 
screen woven from 0.04.1-inch wires and is moved at about 
2 yd./min. under streams of water issuing from 0.007 
inch drilled orifices arranged in line at a density of 20 
orifices/inch. Web-to-orifice spacing is about 1 inch and 
the manifold is oscilalted at 200-300 rp.m. During the 
first pass, a top screen is placed over the web to help hoid 
it in place and a water pressure of 500 p.s. i. is used. Energy 
expended is 0.22 HP-hr./lb. The web-screen assembly is 
then passed 5 times under the streams at a pressure of 
1440 p.s.l. without the top screen. Energy expended is 
about 5.9 HP-hr./lb. of fabric. Energy flux is about 
21 x 106 foot-poundals/in2-sec. After treatment, the 
sample is boiled in water for 10 minutes and laundered 
once. One repeat unit of the fabric pattern is shown at 
considerable magnification in FIGURE 19. The fabric 
has a fiber interlock value of 15. 
Sample B is prepared from a 2.5 oz./yd. Web of ran 

domly-disposed, 1.5 inch, 1.5 denier per filament acrylic 
stample. Patterning screen and processing treatment are 
the same as for Sample A, except that the treatment with 
out a top screen involves 4 passes at 1300 p.si. With an 
expenditure of energy of 4.25 HP-hr./lb. of fabric. An 
entangled fiber region is shown greatly enlarged in FIG 
URES 35 and 36. Magnifications are indicated by the 
scales. The fabric has a filter interlock value of 19. 

Fiber 
Product Denier Screen 
Code (d.p.f.) Mesh 
A--------- 6 40x40----- 
B--------- 6 14x14----- 

Sample C is prepared from random webs of 1.5 inch, 
1.5 denier acrylic staple fiber of a type which shrinks and 
crimps intensely when heated at boil-off. Webs are as 
sembled into an 8 oz./yd.2 layer and supported on a 4X 4 
mesh/inch patterning screen having 33% open area. US 
ing apparatus like that in FIGURE 2, the Supported fiber 
layer is moved at about 1 yd./min. under streams of Water 
issuing from 0.005-inch drilled orifices arranged in line at 
a density of 20 orifices/inch. The assembly is passed 
under the streams at a pressure of 3000 p.s. i. With the 
fiber layer 1 inch from the orifices. The treatment is re 
peated with the orifice pressure 800 p.s. i. and then 3 
passes are made at 1500 p.s. i. After treatment, the sample 
is boiled in water to shrink and crimp the fibers. A bulky, 
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tangled as above and has the following properties (two 
directions): 
Weight (oZ./yd.”) ----------------------- 11.3 
Strip tensile strength (lbs./in.//oz./yd?) ---- 1.45/1.08 
Elongation (%) ------------------------ 77/74 
5% secant modulus (lbs./in.//oz./yd.) ---- 0.27/0.32 
Bulk (cc./gm.) ------------------------- 9.6 
Fiber interlock value --------------------- 17 

Example 64 
This example illustrates the preparation of patterned 

nonwoven fabrics having ridges on one face, composed 
of heavier denier acrylic staple fibers in a multilevel 
Structure. 

(A) Random webs of 6 denier, 1/2-inch acrylic fiber, 
2 to 3 oz./yd.2 basis weight, are plied to give an initial 
fiber layer and treated on a 40 x 40 mesh, 21% open area 
patterning screen of the type shown in FIGURE 14. 
Using apparatus of the type shown in FIGURE 2, the 
assembly is treated with columnar streams of water from 
0.007-inch diameter orifices arranged in line at a density 
of 20 per inch along a jet manifold. An initial pass is 
made with the fiber layer covered with a 14 X 18 mesh, 
71% open area top screen to hold the layer in place until 
until wetted down. This is followed by 3 treatment passes 
without a top screen. Then the filter layer is turned over 
and the treatment is repeated. The final two passes are 
made at 1500 p.si. water pressure with the jets oscillating 
210 strokes per minute at 346-inch amplitude. Other treat 
ment passes are at 1000 p.s. i. The orifice-to-web spacing 
is 34 inch, where the high density streams have an energy 
flux of approximately 22x 106 at 1500 p.s. i. and 12X 10 
at 1000 p.s. i. The web is conveyed during treatment at a 
uniform speed to give a total treatment energy of 7.5 
HP-hrs./lb. The results are given in Table 18. 

(B) A product of 6 denier fiber and weighing 4 oz./ 
yd.2 is prepared by a treatment of 5.2 HP-hrs./lb. which 
also differs from the above in using, as the patterning 
support, a screen of 14 x 14 mesh and 18% open area. 
The results are summarized in Table 18. The product 
has a surface stability rating of 3.3 and 2.8 on the two 
faces based on a visual evaluation of the effect of sub 
jecting the fabric to washing and drying with a full load 
of towels in household laundry equipment. A rating of 
5 indicates that the appearance is still excellent, and a 
rating of 1 indicates a poor appearance due to pilling or 
other surface distortion. 

TABLE 18 

Strip 
Tensile Entanglement 

Basis Strength Elon - Fiber 
Weight (lblin.If gation Frequency Completeness Interlock 

(oz.fyd.) oz.fyd.) (percent) (f) (c) Walue 
5.6 2.6 72 24 0.87 16 
4.0 3.5 81. 23 0, 68 13 

Example 65 
An apparatus similar to that of FIG. 2 is used hav 

ing a vacuum box (15 inches of water vacuum) under 
the screen, a single row of orifices (upper cylindrical 
section of 0.007-inch diameter and a lower frustoconical 
exit) spaced 40 per inch and located 0.75 inch above the 
screen. The screen is 24 x 24 mesh (21% open area) and 
is woven using a 0.020-inch diameter wire that has been 
flattened to 0.025 x 0.012-inch dimensions as the warp 
and 0.020-inch diameter round wire as the filling or 
shoot. 
A random web (1.2 oz./yd.2) of 0.75-inch rayon fibers 

of 1.5 d.p.f. is passed at 45.6 y.p.m. under the water 
streams at 300 p.s.i for the first treatment and at 1100 

patterned nonwoven product is obtained, which is en- 75 p.s. i. for the second treatment for a total energy of 0.125 
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HP-hrs./lb. based on the initial web weight. The energy 
flux for the two treatments is about 2x 108 and 14X 108 
foot-poundals/inch2-second. The row of orifices is not 
oscillated. 
The apertured, patterned product has a tensile strength 

in the two directions of 1.6 and 0.8 (lbs./inch)/(oz./ 
yd.2) elongations of 36 and 42%, and a fiber interlock 
value of 15. 

Example 66 
The reinforcing web is a 1.6 oz./yd, weight random 

web containing about 88% 2.5 d.lp.f. polyethylene ter 
epthalate continuous filaments (prepared so that they 
have a spontaneous elongation of about 12% upon heat 
ing at 200 C. or higher) and about 12% continuous 
filaments, about 2.5 d.p.f., of a copolymer of ethylene 
terephthalate and ethylene isophthalate units (80/20 
weight percent). The latter fibers can be fused at a lower 
temperature than the former to provide binder. The 
random web is prepared by the process of British Patent 
No. 932,482 granted Nov. 20, 1963, and the homopoly 
mer fibers are processed according to Kitson et al. U.S. 
Patent No. 2,952,879 issued Sept. 20, 1960, to provide 
the potential self-elongation. The random web is com 
pressed at about 100° C. to consolidate the web with 
out fusing the copolymer binder fibers. 
The staple web is a random web of 1.8 d.p.f. poly 

ethylene terephthalate of 0.38-inch length with a weight 
of 0.6 oz./yd.2. 
The reinforcing web is placed on a 24 x 24 mesh 

screen, covered with the above staple web and passed 
under streams of water from a row of 5 mil diameter 
orifices spaced 40 per inch. Treatments at a maximum of 
1000 p.S.i.g. are given to afford a total treatment of 
about 1.0 HP-hrs./lb. of product. The product is re 
versed on the screen and a second staple web placed on 
top of the continuous filament face. The composite is 
again treated as above. 
The dried product (A) is a strong, foraminous, pat 

terned product of entangled fibers. A portion of product 
(A) is placed between a 30 mesh and a 40 mesh screen 
and heated in a press at 230 C. under 200 p.s. i. pressure 
for two minutes to fuse the copolymer fibers. Properties 
of the original fabric (A) and the bonded fabric (B) 
are given below: 

A. B 

Tensile strength (bs.fin.)f(oz.f 4. 6, 
Fabric weight, oz.fyd. 2.7 2.7 
Fiber interlock value--- 24 20 
Entanglement completeness- O 0.95 
Entanglement frequency------------------------------- 16 52 
Internal bond value, foot-pounds----------------------- 0.5 0.5 
Abrasion resistance (minutes to hole formation).--------- 1. 5 

(Abrasion resistance is measured by pressing the fabric 
down upon a rotating abrasion disc at a standard load.) 
As may be seen from the foregoing examples, a wide 

variety of products may be made in accordance with 
the present invention. Further novel effects may be 
achieved by choice of the initial fibrous layer and proc 
essing conditions. For example, decorative fabrics may 
be made by patterning and tanglelacing metallic flakes 
or other particulate material with the initial fibrous ma 
terial. If desired, the fluid used in the production of the 
fabric may be chosen so as to impart special effects. 
Thus, for example, the fluid may contain a dye, pig 
ment or other coloring material or it may be utilized to 
impart special properties to the web by incorporating 
therein an antistatic agent, a flame-proofing agent, an 
adhesive or other treating agent. 
The products of the present invention have many ap 

plications. Thus, they may be employed in the same 
uses as are conventional woven or knitted fabrics. Typi 
cal applications include apparel, linings, home furnish 
ings, upholstery and other decorative materials, tarpau 
lins, padding and/or insulating materials, covering mate 
rials, and the like. Absorbent products are provided 
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which are useful for diapers, bandages and especially for 
various uses where a combination of absorbency, wet 
strength, durability and aesthetic properties is desirable. 
The nonwoven fabrics may be laminated to similar prod 
lucts or to different materials. Interesting packaging ma 
terials are made, for example, by laminating patterned, 
nonwoven fabrics to metal foils or films. The patterned, 
nonwoven fabrics may be cut into strips, if desired, and 
twisted into yarns. The high strength, patterned, non 
woven fabrics are particularly suited for industrial ap 
plications such as bagging materials, reinforcing mate 
rials for rubber or other goods such as belting or tires 
and the like. The patterned, nonwoven products having 
high drape and conformability are eminently suitable 
for use in clothing, including outerwear such as suits, 
jackets, shirts, blouses and the like. 

TESTS FOR EVALUATING PHYSICAL 
PROPERTIES 

In the foregoing examples, the tensile properties are 
measured on an Instron tester at 70 F. and 65% rela 
tive humidity. Strip tensile strength is determined for a 
sample 0.5-inch wide, using a 2-inch sample length and 
elongating at 50% per minute. Grab tensile strength is 
measured on a sample 4-inches wide and elongating at 
400% per minute. Initial modulus is determined by meas 
uring the initial slope of the stress-strain curve. The 5% 
secant modulus is defined by American Society for Test 
ing and Materials (ASTM) Standards E6-61, part 10, 
page 1936. The 20% secant modulus is defined in the 
same way. Bending length is determined by using a sam 
ple 1-inch wide and 6-inch wide and 6-inches long and 
moving it slowly in a direction parallel to its long di 
mension so that its end projects from the edge of a hori 
Zontal surface. The length of the overhang is measured 
when the tip of the sample is depressed under its own 
weight to the point where the line joining the tip to the 
edge of the platform makes an angle of 41.5 with the 
horizontnal. One-half of this length is the bending length 
of the specimen, reported in centimeters. Opacity is de 
termined by Technical Association of the Pulp and Paper 
Industry, Test T425M-60. Thickness is measured with 
Ames thickness gauges. Tongue tear strength is meas 
ured in accordance with ASTM D-39-61 except that a 
sample 2.25 inches by 2 inches and having a 1-inch slit 
is used and a constant cross-head speed of 10 inches per 
minute is used. 

FIBER-INTERLOCK TEST 

The fiber-interlock value is the maximum force in 
grams per unit fabric weight needed to pull apart a given 
sample between two hooks. 

Samples are cut 0.5 inch x 1.0 inch with th elong di 
mension in the specified fabric direction (e.g., machine 
direction or cross direction) and weighed, and each sam 
ple is marked with two points 0.5 inch apart symmetri 
cally along the midline of the fabric so that each point 
is 0.25 inch from the sides near an end of the fabric. 
The eye end of a hook (Carlisle-6 fish hook with 

the barb ground off or a hook of similar wire diameter 
and size) is mounted on the upper jaw of an Instron 
tester so that the hook hangs vertically from the jaw. 
This hook is inserted through one marked point on the 
fabric sample. 
A second hook is inserted through the other marked 

point on the sample, and the eye end of the hook is 
clamped in the lower jaw of the Instron. The two hooks 
are now opposed but in line, and hold the sample at 
0.5-inch interhook distances. 
The "Instron" tester is set to elongate the sample at 

0.5 inch per minute (100% elongation/minute) and the 
force in grams to pull the sample apart is recorded. The 
maximum load in grams divided by the fabric weight in 
grams per Square meter is the single fiber interlock value. 
The average of 3 determinations in the machine direc 
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tion and 3 in the cross direction (or 3 samples cut in 
directions at 90° to each other) is reported to two sig 
nificant figures as the fiber interlock value. In some ex 
amples the result of only 1 determination is given. 

In the event that the fabric contains more than 1 or 
2% of water soluble materials such as salts or by-products 
of chemical reactions on the fabric, the fabric should be 
extracted with portions of a 60% (by volume) aqueous 
Solution of methanol until clear, rinsed in 100% methanol 
and air dried before testing. 

ENTANGLEMENT FREQUENCY AND 
COMPLETENESS TESTS 

In these tests, nonwoven fabrics are characterized ac 
cording to the frequency and the completeness of the 
fiber entanglement in non-bonded fabric, as determined 
from strip tensile breaking data using an "Instron' 
tester. 

Entanglement frequency is a measure of the frequency 
of occurence of entanglement sites along individual 
lengths of fiber in the nonwoven fabric. The higher the 
value of entanglement frequency the greater is the sur 
face stability of the fabric, i.e., the resistance of the 
fabric to the development of pilling and fuzzing upon 
repeated laundering. 

Entanglement completeness is a measure of the pro 
portion of fibers that break (rather than slip out) when 
a long and wide strip is tested. It is related to the devel 
opment of fabric strength. 

Durable non-bonded products have an entangle fre 
quency of at least 20 per inch and an entanglement 
completenenss of at least 0.5 

Entanglement frequency and completeness are calcu 
lated from strip tensile breaking data, using strips of the 
following sizes: 

“Instron' 
Strip Gauge Elonga 

Width Length tion. Rate 
(in.) (in.) (in.imin.) 

Strip Width Symbol: 
Wo-- 0.8 0 0.5 
W1. 0.3 1.5 5 
W2. 1.9 1.5 5 

In cutting the strips from fabrics having a repeating 
pattern or ridges or lines or high and low basis weight, 
integral numbers of repeating units are included in the 
strip width, always cutting through the low basis weight 
portion and attempting in each case to approximate the 
desired widths (wo, wit, wa) closely. Ten or more speci 
mens are tested at W, and five or more at w and wo 
using an "Instron' tester with standard rubber coated, 
flat jaw faces and the gauge lengths and elongation 
rates listed above. Average tensile breaking forces for 
each width (wo, wi and wa) are correspondingly re 
ported as TT, and T. It is observed that: 

T&T'a<To 
w1 u2 wo 

It is postulated that the above inequalities occur because: 
(1) there is a border zone of width D at the cut edges 
of the long gauge length specimens, which zone is 
ineffective in carrying stress; and 

(2) with Zero gauge length, fibers are clamped jaw 
to-jaw and ideally all fibers carry stress up to the break 
ing point, while with long gauge length, some poorly 
entangled fibers slip out without breaking. A measure 
of the proportion of stress-carrying fibers is called (c). 

Provided that (D) is less than 4 w, then: 
T R T =ce 

u-2D wa-2DT 200 
and D and c are: 

wiT - we T1, Ta-T1, wo D-5T, fc = 7 
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In certain cases (D) may be nearly zero and even a 

small experimental error can result in the measured (D) 
being negative. For patterned fabrics, strips are cut in two 
directions: (a) in the direction of pattern ridges or lines 
of highest basis weight (i.e., weight per unit area), and 
(b) in the direction at 90 to the direction specified in 
(a). In unpatterned fabrics any two directions at 90° will 
suffice. (c) and (D) are determined separately for each 
direction and the arithmetic means of the values for both 
directions, (c) and (D) are calculated. (c) is called the 
entanglement completeness. 
When (c) is greater than 0.5, (D) is a measure of the 

average distance required for fibers in the fabric to become 
completely entangled so that they cannot be separated 
without breaking. When (c) is less than 0.5, it has been 
found that (ID) may be influenced by factors other than 
entanglement. Accordingly, when (c) is less than 0.5, 
calculation of (D) as described above may not be meaningful. 
From testing various samples, it is observed that the 

surface stability of a fabric increases with increasing 
product of (1 AD) and the square root of fiber denier (d). 
Since 1.5 denier fibers are frequently used, all deniers are 
normalized with respect to 1.5 and entanglement fre 
quency (f) per inch is defined aS 

f= (1/DVd71.5 
If the fabric contains fibers of more than one denier, the 
effective denier (d) is taken as the weighted average of 
the deniers. 

If the measured (D) turns out to be zero or negative, 
it is proper to assume that the actual (D) is less than 0.01 
inch and (f) therefore greater than 100vd71.5 per inch. 

INTERNAL BOND TEST 

(A) The internal bond value of the nonwoven fabric 
is determined by a procedure described in Technical As 
sociation of the Pulp and Paper Industry (TAPPI) “RC 
308 Test for Interfiber Bond Using the Internal Bond 
Tester." Further information regarding this procedure, 
particularly about the equipment used, is disclosed by 
Blockman and Wikstrand, TAPPI, March 1958, volume 
41, Number 3, pages 190A to 194A, “Interfiber Bond 
Strength of Paper.” The faces of the steel anvils, striking 
bar, samples of non-woven fabric and double-faced 
pressure-sensitive tape are each one inch square. The 
samples are mounted at 200 p.s. i. Five samples are tested 
in the machine direction of the fabric and five in the 
cross direction, and the average value is reported in 
foot-pounds. 

Meaningful results may not be obtained by the above 
Method (A) on (1) net-like products having an open 
area of more than about 15% (as in FIGS. 13 and 15) 
or (2) very thin fabrics having a fabric weight of less 
than 1.0 oz/yd., due to adhesion of the two layers of 
tape to each other. For these products the following 
Method (B) should be used: 

(B) The sample is fastened to the lower fixed steel 
plate with the tape. This assembly is then pressed (sample 
face down) into a thin, flat bed of aluminum oxide (grade 
400 "Lionite Floated Flour" made by General Abrasive 
Co., Inc., of Little Rock, Ark.) at a pressure of 100 p.s. i. 
The assembly is removed from the bed and the bottom of 
the steel plate held firmly against the vertical shaft of a 
laboratory vibrator (providing an amplitude of 0.5 mm. 
at a frequency of 60 cycles per second) for 30 seconds. 
This treatment effectively removes the aluminum oxide 
from the fabric but not from any tape face exposed 
through openings in the fabric. The assembly is replaced 
in the mounting jig and fastened to the upper striking bar 
with tape at 200 p.s. i. and tested as in Method A. 
The open area of a fabric can be estimated by measur 

ing the size of the openings and counting for a given area. 
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jacent entangled fiber regions, are closely distributed 
along the peripheries of the entangled fiber regions and 
project in the plane of the fabric at abrupt angles to 
the perimeters of the entangled fiber regions. 

20. Fabric as defined in claim 2 wherein said entan 
gled fiber regions have a compact shape for which the 
diameter of the inscribed circle is at least 50% of the 
diameter of a circle circumscribed about the perimeter of 
the entangled fiber region. 

3,485,706 
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21. Fabric as defined in claim 2 wherein the fibers O 
extending between the dense entangled fiber regions hold 
these regions so closely together that the pattern is nor 
mally obscured, the pattern being revealed when the fabric 
is stretched. 

22. Fabric as defined in claim 1 which comprises 
dense, regions of fibers randomly entangled with each 
other, ordered fiber groups interconnected with one an 
other at the entangled fiber regions to define an ordered 
geometric pattern of apertures, the fiber groups being lo 
cated in different thickness zones of the fabric, and in 
cluding fiber groups forming ridge-like protrusions on at 
least one suface of the fabric. 

23. Fabric as defined in claim 2 having a repeating 
pattern characterized by a fabric face layer of fiber 
groups in a regular pattern of ridges separated by 
grooves lying along parallel straight lines, the ridge fi 
ber groups being interconnected by fibers which bridge 
under the ridge-separating grooves, are generally paral 
lel, and are locked into place in entangled fiber regions 
of the ridges. 

24. Fabric as defined in claim 23 having a pattern of 
ridges and grooves on both faces, the ridge-inter-connect 
ing fibers being in an intermediate layer. 

25. Fabric as defined in claim 23 having a pattern of 
ridges and grooves on one face, an intermediate layer of 
ridge-interconnecting bands of generally parallel fibers, 
and a layer of random fibers on the other face. 

26. Fabric as defined in claim 23 wherein the ridges 
extend in substantially continuous lines in the same gen 
eral direction of the fabric. 

27. Fabric as defined in claim 23 wherein the ridges 
are substantially straight and evenly spaced. 

28. Fabric as defined in claim 23 wherein the ridge 
interconnecting fibers form a substantially continuous ar 
ray beneath the grooves. 

29. Fabric as defined in claim 23 wherein the ridges 
and interconnecting fibers define a repeating pattern of 
apertures in the fabric. 

30. Fabric as defined in claim 1 characterized by a 
repeating pattern of ridges separated by grooves lying 
along parallel straight lines on at least one fabric face 
and by a repeating pattern of apertures spaced along the 
grooves; the fabric structure comprising entangled fiber 
regions located in areas between adjoining grooves and 
interconnected into substantially continuous ridges fol 
lowing paths passing between the grooves adjacent to 
portions of the apertures, and bands of fibers interconnect 
ing entangled fiber regions beneath the grooves and ex 
tending along sides of apertures. 

31. Fabric as defined in claim 30 wherein said ridges 
follow sinusoidal paths which are substantially 180 out 
of phase with respect ot adjacent sinusoidal ridge paths. 

32. Fabric as defined in claim 30 wherein the ridges 
comprise entangled fiber regions alternating with inter 
connecting parallelized fiber groups. 

33. Fabric as defined in claim 30 wherein entangled 
fiber regions extend substantially continuously along the 
ridges. 

34. Fabric as defined in claim 30 wherein the entan 
gled fiber regions are of a roughly square shape and 
are interconnected by narrow ridge fiber groups which 
are parallel to the grooves, alternately on one side and 
then the other side of the ridge, and are attached to each 
entangled fiber region at portions almost diagonally op 
posed. 
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35. Fabric as defined in claim 1 having a structure 

characterized on one face by a regular pattern of sinus 
oidal ridges separated by evenly-spaced, parallel straight 
grooves; characterized on the other face by a repeating 
pattern of rectangular areas of random fiber arrange 
ment interconnected diagonally to define oval-shaped 
apertures, and by fibers which loop over the interconnec 
tions between rectangles and proceed downward around 
the peripheries of the holes toward the opposite face of 
the fabric; and having an intermediate layer of ordered 
groups of parallelized fibers extending beneath the ridge 
separating grooves in a direction generally transverse to 
the ridges; said dense entangled fiber regions being lo 
cated in the ridges and extending through the thickness 
of the fabric structure to provide integrity and strength 
to the fabric. 8 

36. Fabric as defined in claim 2 having the appear 
ance of a twill-weave textile fabric, said repeating pattern 
being characterized by a fabric face layer of protruding 
ribs arranged in rows in a twill pattern and by fibers 
extending from entangled fiber areas in the ribs in paral 
lelized fiber groups interconnecting entangled fiber areas 
in a principal fabric: direction, parallelized fiber groups 
interconnecting entangled fiber areas transversely to said 
principal fabric direction, and bands of parallelized fibers 
interconnecting entangled fiber areas of ribs in a bias 
direction of the fabric. 

37. Fabric as defined in claim wherein said repeating 
pattern is characterized by a fabric face layer of protrud 
ing ribs separated by grooves lying along parallel straight 
lines and arranged in rows in a twill pattern, the ribs 
being interconnected by groups of parallelized fibers which 
extend from entarigled fiber regions of the ribs in princi 
pal fabric directions and by bands of parallelized fibers 
which extend under said grooves to interconnect ribs in 
a bias direction of the fabric. 

38. A twill-patterned nonwoven fabric as defined in 
claim 37 wherein said bands of parallelized fibers are 
arched and form protrusions on the fabric face opposite 
to said rib-separating grooves. 

39. A twill-patterned nonwoven fabric as defined in 
claim 37 wherein said parallelized fibers form an inter 
mediate layer which is overlaid with random fibers on 
the fabric face opposite to the ribbed face. 

40. Fabric as defined in claim 2 wherein said repeat 
ing pattern is characterized on one fabric face by rectangu 
lar areas of entangled fibers which are interconnected by 
groups of generally parallel fibers and are arranged in 
parallel rows extending in a bias direction relative to a 
principal fabric direction, the rectangular areas being 
aligned with their long axes parallel to those in the same 
row and transversely to the long axes of the rectangles of 
adjacent rows; and is characterized on the other fabric 
face by bands of parallelized fibers extending between the 
long sides of entangled fiber areas. 

41. Fabric as defined in claim 1 having a weight of 
0.5 to 10 ounces per square yard and a strip tensile 
strength of at least 1.0 pound/inch per oz./yd.?. 

42. Fabric as defined in claim 2 wherein the dense en 
tangled fiber regions and interconnecting fibers define a 
pattern of apertures which are substantially free from 
fibers. 

43. Fabric as defined in claim 1 comprising textile 
staple fibers. 

44. Fabric as defined in claim 1 comprising continuous 
filaments. 

45. Fabric as defined in claim 1 comprising paper 
fibers. 

46. Fabric as defined in claim 1 comprising short fibers 
and fibers at least twice as long as the short fibers; the 
short fibers being concentrated to a greater extent in said 
dense entangled fiber regions, wrapping around the longer 
fibers and being highly entangled to bind the long fibers 
securely into the body of the fabric, 
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It is observed that Method B gives substantially the 
same results as Method A on fabrics of low open area 
and weights greater than 1 oz./yd.?. 

Results on some products of this invention follow: 
Example: Internal bond value, 

2: foot-pounds 
A --------------------------------- 0.36 
B --------------------------------- >0.5 
C --------------------------------- 0.4 
D --------------------------------- >0.5 
F --------------------------------- 0.3 
H--------------------------------- 0.25 
I --------------------------------- 0.36 
J --------------------------------- 0.47 

6-type products ----------------- 0.38 to >0.5 
7-type products----------------- 0.3 to d0.5 
66 ------------------------------------ 0.5 

Since many different embodiments of the invention may 
be made without departing from the spirit and Scope 
thereof, it is to be understood that the invention is not 
limited by the specific illustrations except to the extent 
defined in the following claims. 

I claim: 
1. Textile-like nonwoven fabric comprising fibers locked 

into place by fiber interaction, the fabric having a regular 
repeating pattern of entangled fiber regions of higher area 
density than the average area density of the fabric and 
interconnecting fibers which extend between the dense 
entangled fiber regions and which are randomly entangled 
with each other in said regions, said fibers of the fabric 
being locked into place by a three-dimensional fiber en 
tanglement characterized by a fiber-interlock value due to 
fiber entanglement of at least 7 with a fiber entangle 
ment completeness of at least 0.5, said values being 
determined in the absence of binder, and wherein fibers 
in said regions turn, wind, twist back-and-forth, and pass 
about one another in all directions of said regions in 
such an intricate entanglement that fibers interlock with 
one another when the fabric is subjected to stress, to 
thereby provide coherency and strength to the fabric. 

2. Textile-like nonwoven fabric of fibers locked into 
place in a structure having a regular repeating pattern 
of entangled fiber regions of higher area density than the 
average area density of the fabric and joined by ordered 
groups of fibers which extend between the dense en 
tangled fiber regions and which are randomly entangled 
with each other in said regions, said fibers of the fabric 
being locked into place by a three-dimensional fiber en 
tanglement characterized by a fiber-interlock value of 
at least 7 and an internal bond value of at least 0.2 
foot-pound, said values being determined in the absence 
of binder, and wherein fibers in said regions turn, wind, 
twist back-and-forth, and pass about one another in all 
directions of said regions in such an intricate entangle 
ment that fibers interlock with one another when the 
fabric is subjected to stress, to thereby provide coherency 
and strength to the fabric. 

3. Textile-like nonwoven fabric comprising fibers locked 
into place by fiber interaction; having a repeating pattern 
of entangled fiber regions, of higher area density than the 
average area density of the fabric, and interconnecting 
fibers which extend between the dense entangled fiber 
regions and which are randomly entangled with each 
other in said regions; having an entangled fiber struc 
ture characterized by random fiber segments that pene 
trate entangled fiber regions of the fabric and have a 
re-entrant loop configuration in the fiber segment which 
binds other fibers in place in the fabric; said fibers of the 
fabric being locked into place by a three-dimensional 
fiber entanglement characterized by a fiber-interlock value 
due to fiber entanglement of at least 7 with a fiber en 
tanglement completeness of at least 0.5, said values being 
determined in the absence of binder, and wherein fibers 
in said regions turn, wind, twist back-and forth, and pass 
about one another in all directions of said regions in such 
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an intricate entanglement that fibers interlock with one 
another when the fabric is subjected to stress, to thereby 
provide coherency and strength to the fabric. 

4. Fabric as defined in claim 3 of fibers which are 
randomly entangled and interlocked with each other in a 
repeating pattern of localized dense entangled fiber re 
gions interconnected by fibers extending between adjacent 
entangled fiber regions to define regions of lower area 
density than that of the adjacent fabric, the fiber entangle 
ment frequency for nonbonded fabric being at least 20 
per inch with a fiber entanglement completeness of at 
least 0.5. 

5. Fabric as defined in claim 4 wherein the dense 
entangled fiber regions are arranged in a regular pattern 
and joined by ordered groups of fibers to provide a fabric 
having an appearance similar to that of a conventional 
woven fabric. 

6. Fabric as defined in claim 3 wherein the dense 
entangled fiber regions are interconnected by ordered 
groups of fibers which form ridge-like protrusions on at 
least one face of the fabric. 

7. Fabric as defined in claim 3 wherein fiber entangle 
ment is concentrated in the dense entangled fiber regions, 
said regions are arranged in a regular pattern and are 
interconnected by ordered groups of substantially parallel 
fibers. 

8. Fabric as defined in claim 3 wherein the dense en 
tangled fiber regions are localized areas, composed of 
fibers that are randomly entangled with each other and 
that join adjacent entangled fiber regions to define a 
repeating pattern of apertures in the fabric, and the 
non-bonded fabric is characterized by an entanglement 
frequency of at least 20 per inch of fiber with a fiber 
entanglement completeness of at least 0.5. 

9. Fabric as defined in claim 8 wherein the localized 
entangled areas are joined by ordered fiber groups to 
provide a fabric having an appearance similar to that 
of a conventional woven fabric. 

10. Fabric as defined in claim 8 wherein the localized 
entangled areas are joined by ordered fiber groups, and 
the individual fibers proceed randomly through the fabric 
from entangled area to entangled area. 

11. Fabric as defined in claim 8 wherein the localized 
areas are joined by ordered fiber groups, and individual 
fibers proceed through the fabric to successive entangled 
areas aligned in the same direction. 

12. Fabric as defined in claim 8 wherein the localized 
areas are joined by ordered fiber groups of substantially 
parallel fibers. 

13. Fabric as defined in claim 8 wherein the localized 
areas are joined by ordered fiber groups, the fibers in a 
group being randomly disposed relative to one another. 

14. Fabric as defined in claim 8 comprising fibers which 
are entangled with each other at intervals along their 
lengths in a repeating pattern of compact masses bound 
to adjacent masses by linking fibers, the linking fibers 
being locked into place in the compact masses by three 
dimensional fiber interaction. 

15. Fabric as defined in claim 14 which has approxi 
mately the same strength in all directions. 

16. Fabric as defined in claim 14 wherein said masses 
are closely spaced at a high frequency of about 1000 to 
4000 masses per square inch. 

17. Fabric as defined in claim 14 wherein bundles of 
linking fibers are spaced about 90° apart around the 
masses and define a square-mesh pattern. 

18. Fabric as defined in claim 14 wherein bundles of 
linking fibers are spaced about 60° apart around the mass 
es and define a triangular-mesh pattern. 

19. Fabric as defined in claim 2 wherein said entan 
gled fiber regions are compact masses which occupy at 
least 40 percent of the total patterned area and are closely 
spaced with substantially uniform distances between ad 
jacent entangled fiber regions, the spaces between en 
tangled fiber regions of the fabric comprising a substan 
tially continuous array of fibers which interconnect ad 
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47. Fabric as defined in claim 1 composed of staple 
fibers and paper fibers of shorter length. 

48. Fabric as defined in claim 1 composed of continu 
ous filaments and fibers of less than one inch in length. 

49. Fabric as defined in claim 1 composed of 90% to 
25% continuous filaments and 10% to 75% paper fibers. 

50. Fabric as defined in claim 1 composed of 90% to 
40% staple fibers at least about 1.5 inches in length and 
10% to 60% of short fibers of about 4 inch to 34 inch 
in length. 

51. Fabric as defined in claim 1 of staple-length textile 
fibers randomly entangled in said repeating pattern of 
dense entangled fiber regions and reinforced with 3% to 
90% of Substantially continuous fibrous strands, based on 
the weight of the fabric. 

52. Fabric as defined in claim 51 wherein said fibrous 
Strands are textile yarns and constitute 10% to 70% of 
the weight of the fabric. 

53. Fabric as defined in claim 51 wherein said fibrous 
Strands are composed of continuous filaments. 

54. Fabric as defined in claim 51 wherein said fibrous 
Strands are spun yarns of staple fibers. 

55. Fabric as defined in claim 51 wherein said fibrous 
strands are textured bulk yarns. 

56. Fabric as defined in claim 51 wherein said fibrous 
Strands are crimped stretch yarns. 

57. Fabric as defined in claim 51 wherein said fibrous 
strands join the entangled fiber regions in a regular pat 
tern to provide a fabric having an appearance similar to 
that of a conventional woven fabric. 

58. Fabric as defined in claim 2, weighing about one 
ounce per square yard and comprising textile staple fibers 
less than one inch long. 

59. Fabric as defined in claim 3 which has a fiber en 
tanglement frequency of at least 34 per inch with said 
fiber entanglement completeness of at least 0.5. 

60. The process of consolidating fibers or filaments 
into a strong patterned structure by treatment with 
streams of liquid from jet devices which comprises, sup 
porting a layer of fibrous material on an apertured pat 
terning member having apertures arranged in a pattern 
corresponding to regions of fiber entanglement in the 
fabric product, jetting liquid supplied at pressures of at 
least 200 pounds per square inch to form fine, essentially 
columnar, liquid streams having over 23,000 energy flux 
in foot-pounds/inch second at the treatment distance, 
and traversing the supported layer of fibrous material with 
the streams until the fibers are randomly entangled in 
regions interconnected by fibers extending between ad 
jacent entangled regions in a pattern determined by the 
apertured supporting member, wherein fibers in said re 
gions turn, wind, twist back-and-forth, and pass about 
one another in all directions of said regions in such an 
intricate entanglement that the fibers interlock with one 
another when the fabric is subjected to stress to thereby 
provide coherency and strength to the fabric. 

61. The process defined in claim 60 wherein the sup 
ported layer is treated with the streams until a total of at 
least 0.1 horsepower-hour of stream energy per pound of 
treated fabric is provided. 

62. The process defined in claim 60 wherein the sup 
ported layer of fibrous material is traversed with a plu 
rality of essentially columnar streams which are spaced 
0.01 to 0.1 inch apart in a row and are substantially 
parallel to each other. 
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63. The process defined in claim 60 wherein the es 

Sentially columnar streams have a total divergence angle 
of less than 3 degrees. 

64. The process defined in claim 60 wherein the liquid 
is jetted through orifices 0.003 to 0.030 inch in diameter. 

65. The process defined in claim 60 wherein the liquid 
is jetted to form streams of over 1,000,000 energy flux. 

66. The process defined in claim 65 wherein the sup 
ported layer is treated with the streams until a total of . 
at least 0.1 horsepower-hour of stream energy per pound 
of treated fabric is provided. 

67. The process defined in claim 66 wherein a layer 
of fibrous material, weighing about one ounce per square 
yard and supported on an apertured patterning screen 
having up to 3,600 openings per square inch which pro 
vide 10 to 50% open area, is treated with streams jetted 
from orifices 3 to 10 mill in diameter and spaced 0.01 
to 0.1 inch apart in a row in a manifold. 

68. The process defined in claim 65 wherein liquid 
supplied at a pressure of 500 to 5,000 pounds per square 
inch gage is jetted to form said streams. 

69. The process defined in claim 58 wherein the layer 
of fibrous material weighs 0.5 to 10 ounces per square 
yard. 

70. The process defined in claim 60 wherein the aper 
tured patterning member has 25 to 4000 openings per 
square inch which provide a total of 10% to 98% open 
area in the patterning member. 

71. The process defined in claim 60 wherein the aper 
tured patterning member is a plate perforated with cir 
cular holes of 0.01 to 0.25 inch in diameter. 

72. The process defined in claim 60 wherein the aper 
tured patterning member is a screen of 3 to 80 mesh per 
inch. 

73. The process defined in claim 60 wherein the liquid 
is jetted through orifices and the fibrous layer is supported 
less than 6inches from the orifices. 

74. The process defined in claim 60 wherein the tra 
versing streams impinge on the supported fibrous layer 
at over 100,000 energy flux and the treatment provides 
over 1 horsepower-hour of energy per pound of fibrous 
layer. 

75. The process defined in claim 60 wherein the sup 
ported layer is treated until a patterned nonwoven fabric 
is formed which has the fibers locked into place by fiber 
interaction at a fiber entanglement frequency of at least 
20 per inch of fiber with a fiber entanglement complete 
ness of at least 0.5. 
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