
EP 0 468 799 B1 Description FIELD OF THE INVENTION 5       The invention
relates to the general field of fibrous materials and, more particularly,
to a novel method for entangling loosely associated fibers to form a
unitary reticular network by using fluid streams applied in opposition to
the fibers. The invention also extends to an apparatus for carrying out the
method and to the resulting product. BACKGROUND OF THE INVENTION 10
Nonwoven fabrics are well-suited for applications which require a low cost
fibrous web. Examples are disposable articles such as polishing or washing
cloths, cast paddings and facing layers for fibrous mat products. Nonwoven
fabrics are normally produced from a web of loosely associated fibers that
are subjected to a fiber rear- ranging'method to entangle and mechanically
interlockthe fibers into a unitary reticular network. The fiber
rearrangement 15  is achieved under the effect of fluid forces applied to
the fibers through a fluid permeable web confining and supporting structure
comprising a rigid apertured member with a predetermined pattern of fluid
passages, and a flexible foraminous sheet disposed in a face-to-face
relationship to the apertured member. In one form of construction, the
rigid apertured member is a rotating hollow drum and the flexible
foraminous sheet is an endless screen belt in overlapping relationship with
the hollow drum and advancing therewith. The web of loosely associated
fibers which forms the starting material 20   of the nonwoven fabric
production method is confined between the drum and the screen belt and is
advanced through a fluid stream creating the entangling forces on the
fibers. The so-called "Rosebud" nonwoven fabric production method requires
that the fluid stream be located outside the hollow drum, the fluid
particles impinging on the fibers through the screen belt. In operation,
the fibers are drawn by the fluid mass flowing out of the apertured
hollowdrum, intothe fluid passages thereof, and they are mechanically
interlocked 25   and entangled in protuberant packings which are
interconnected by flat fiber bundles extending over the land areas of the
drum. The resulting nonwoven fabric has a three-dimensional structure
presenting a knobby side containing the apexes of the fiber packings, and a
flat and smoother side containing the base portions of the fiber packings
and the interconnecting bundles. In a variant of the Rosebud method, known
as the "Keybak" method, the direction of the fluid stream is reversed, 30
whereby the fluid particles reach the fibers by passing through the fluid
passages on the drum. In contrast to the Rosebud method, the fibers are
packed together on the land areas of the drum forming a network with clear
holes arranged into a pattern corresponding to the pattern of fluid
passages on the hollow drum. For a wide range of applications, nonwoven
fabrics having superior resistance characteristics are required. Basically,
the resistance or durability of a nonwoven fibrous web depends on the
degree of fiber entanglement achieved during 35  the fiber rearranging
process. When the fibers are tightly interlocked, they form a dense and
tenacious network which is highly resistant to forces tending to destroy
the web integrity, such as tear forces for example. In contrast, a web
constituted by loosely associated fibers is substantially less resistant
because, at the fiber level, the network of the web lacks cohesion. In
conventional nonwoven fabric production methods, a certain increase in the
degree of fiber entanglement may 40   be achieved at the fiber rearranging
stage by increasing the fluid supply pressure of the stream in order to
augment the intensity of the fluid forces acting on the fibers. However,
there are disadvantages and inherent limits in increasing the fluid supply
pressure which considerably offset any advantage that may be gained in
terms of higher fiber entanglement; Traditional production methods already
require fairly high fluid supply pressures and a further pressure increase
creates considerable strain on the equipment which translates into an
increase of the fabric manufacturing cost. In addition, 45  regardless of
cost considerations, the fluid supply pressure cannot be indefinitely
increased as beyond a certain point, a destructive condition known as
"flooding" occurs which is defined as a loss of web identity resulting from
the application of fluid forces to the fiber which are too intense. It is
also known from the prior art to apply a binder substance to the fibers of
the fabric subsequently to the fiber rearranging step, in order to increase
the fabric resistance. The binder substance, when cured, establishes a bond
50   between adjacent fibers and prevents them to move one relative to the
other. Accordingly, the tenacity of the fabric will 



increase because of the reduction in the inter-fiber displacement when
destructive forces act on the fabric. Although a binder can effectively
increase the resistance of a nonwoven fabric, for cost considerations, it
cannot be considered as an ideal solution. Fundamentally, the objective of
any nonwoven fabric production method is to turn out the least expensive
product, therefore, it is desirable to eliminate or at least reduce as much
as possible the binder 55   application. 2    EP 0 468 799 1 OBJECTS AND
STATEMENT OF THE INVENTION An object of the invention is a novel
three-dimensional nonwoven fabric having superior resistance
characteristics and possessing two textured sides, high bulk, softness,
better absorbency and aesthetics. 5       Another object of the invention
is a novel low pressure fluid formation method and apparatus for producing
the aforementioned fabric. Yet, another object of the invention is a method
and an apparatus for fluid formation of nonwoven fabrics allowing a higher
level of control of the fabric structure. In one aspect, the invention
provides a method for fluid formation of a unitary nonwoven fabric,
comprising the steps 10  of: -  providing a fibrous starting material whose
individual fibers are capable of movement relatively to one another under
the influence of applied fluid forces; and 15   -  subjecting the fibrous
starting material to opposed coacting fluid streams while supporting the
material between an apertured member having a predetermined pattern of
fluid passages therethrough and a foraminous fluid permeable member,
whereby under the influence of fluid forces applied in opposition, the
individual fibers of the starting material are entangled forming a
reticular network which defines a pattern of holes corresponding to the
predetermined pattern of fluid passages on the apertured member. 20 For the
purpose of this specification, the scope of the expression opposed coacting
fluid streams" is not intended to be restricted to an arrangement where the
fluid streams are colinear, but should be construed to encompass any form
of construction where a given fiber of the starting material is subjected
simultaneously to the influence of fluid streams having generally opposite
directions. Having regard to the foregoing, an embodiment with slightly
offset or staggered 25  fluid streams is considered to meet this definition
at the condition that the majority of the fibers in the web of starting
material are long enough and are oriented in such a way as to span the
offset between the streams. Hence, a given fiber under fluid treatment will
be affected simultaneously by the streams, albeit the streams will be
acting on different portions of the fiber. The degree of offset between the
streams which will determine whether they are coacting or not is primarily
a function of fiber length and fiber orientation. In a web formed of short
fibers, only a small offset will be allowed, 30   however in a web of
longer fibers, it is possible to further space the streams and still retain
the benefit of a simultaneous dual stream action on the fibers. In
addition, the respective propagation paths of the streams do not
necessarily have to be parallel or colinear in order to be characterized by
opposite   This word is to be interpreted in a broad sense, as it is
intended to encompass embodiments where the streams are at a certain
angular relationship which is such that the streams give rise to fluid 35
forces whose principal components are applied to the web along truly
opposite directions. In a preferred embodiment, the apertured member is a
rotating rigid hollow drum while the foraminous fluid perme- able member is
an endless screen belt for holding the fibrous starting material against
the drum. The opposed fluid streams are created by providing inside and
outside of the hollow drum, manifolds with respective jets disposed in a
face-to-face relationship. The fluid mass coming from the manifold
positioned outside the hollow drum is diffused through 40  the screen belt
and impacts on the fibers drawing them in the fluid passages of the drum as
this fluid mass flows there- through. The opposite fluid stream produced by
the inside manifold passes through the fluid passages and has a ten- 



dency to eject the fibers out of the fluid passages and to pack them over
the land areas of the hollow drum. Surprisingly, it has been found that the
fluid forces applied to the fibers in opposition have a synergistic effect,
rearranging the fibers into a reticular network having a substantially
higher degree of entanglement and cohesion comparatively to what can 45
be achieved with a single-sided fluid formation method, be it the Rosebud
or the Keybak method. The method according to the invention is highly
advantageous because it uses a relatively low fluid supply pressure, yet it
can deliver a higher fiber entanglement comparatively to single sided fluid
formation methods, to produce fabrics which require less binder to achieve
predetermined resistance characteristics. In addition, the method can also
increase the fabric performance in bulk, softness, absorbency and texture.
50      The dual-sided fluid entangling method can achieve different fabric
structures by selectively varying the intensity of the fluid forces acting
in opposition on the fibers. In one extreme condition when only the
manifold located inside the hollow drum operates, the nonwoven fabric has a
network defining a pattern of clear holes corresponding to the pattern of
fluid passages on the hollow drum. This fabric structure is identical to
what can be obtained with the Keybak method. By activating the outside
manifold to impinge a fluid stream on the fibrous starting material through
the screen belt, 55  the structure of the nonwoven fabric is altered. The
clear holes will start closing at the extremity facing the screen belt and
a protuberant fiber packing will form at the closed end of each hole. This
three-dimensional fabric structure is novel and constitutes another aspect
of the present invention. Conventional three-dimensional fabrics have only
one textured side, the other one being flat, while the aforementioned
network structure provides a fabric with two textured surfaces 3    EP 0
468 799 B1 having a very distinct appearance and feel. On one side of the
fabric are disposed the openings of the blind holes creating a pattern of
recesses, the opposite side being knobby as a result of the protuberant
fiber packings closing the holes. Further augmenting the velocity of the
stream from the outside manifold with respect to the velocity of the stream
from the inside manifold will result in a further growth of the fiber
packings at the expense of an erosion of the network 5   defining the holes
which will become shallower, bringing the fiber packings closer to the drum
surface. Shutting down the inside manifold is the other extreme condition.
The fiber packings will grow larger and will pen- etrate into the drum
openings. The holes will disappear creating flat fiber bundles
interconnecting the protuberant fiber packings and extending over the land
areas of the drum. This fiber structure is equivalent to what is achieved
with the Rosebud method. 10      In summary, each fluid stream imparts a
distinct pattern to the web of starting material and when the opposite
streams are simultaneously applied to the web, the fibers are tightly
entangled into a fabric network where the two patterns coexist. If it is
desired that one of the patterns predominates the other, this can be
achieved simply by increasing the intensity of the fluid stream creating
this pattern relatively to the intensity of the other stream. The ability
of the method to control the fabric structure constitutes another aspect of
the invention. In broad terms 15  the method can be expressed as the
combination of the following steps, providing a fibrous starting material
whose individual fibers are capable of movement relatively to one another
under the influence of applied fluid forces, 20      subjecting the fibrous
starting material to coacting opposed fluid streams while confining the
material between spaced apart foraminous members forming a fluid permeable
supporting structure, whereby under the influence of fluid forces applied
in opposition the individual fibers of the material are entangled forming a
reticular network; and controlling the intensity of the fluid forces to
controlthe fiber distribution profile of the network in a transverse
direction 25      to the plane of the nonwoven fabric. In a further aspect,
the invention provides an apparatus for producing a unitary nonwoven fabric
from a fibrous starting material whose individual fibers are capable of
movement under the influence of applied fluid forces, the appa- ratus
comprising a fiber rearranging station which includes: 30 



a) an apertured member having fluid passages therethrough; b) a foraminous
member spaced apart from the apertured member to define therewith a fluid
permeable supporting structure for the fibrous starting materials; and 35
c) means to generate opposed and coacting fluid streams producing
respective fluid forces which are applied in opposition tothe starting
material through thefluid permeable supporting structure, causinga
dual-sided fiberentan- gling of the starting material to form the nonwoven
fabric. 40      Advantageously, the apparatus comprises means to control
the intensity of the fluid forces in order to control the nonwoven fabric
structure. In a preferred embodiment, the pressure of the fluid supply to
the jets producing the streams can be selectively varied to produce the
desired fabric network pattern. BRIEF DESCRIPTION OF THE DRAWINGS 45 Figure
1 is a schematical view of the fiber rearranging station of an apparatus
for producing a nonwoven fabric in accordance with the invention; Figure 2
is an enlarged fragmentary side view of the fiber rearranging station,
illustating the manifolds creating the 50      opposed fluid streams; -
Figure 3 is a perspective and a further enlarged view of the fiber
rearranging station illustrating in addition to Figure 2, the structure of
the perforated hollow drum and of the screen belt for holding and advancing
fibrous starting material between the fluid streams; 55 - Figure 4 is a
graph showing the effect of manifold pressure on the tenacity of the
nonwoven fabric; - Figures 5, 6, 7, 8 and 9 are schematical diagrams
illustrating how the variation of the intensity of one fluid stream 4    EP
0 468 799 B1 relative to the other fluid steam affects the fiber
rearranging process; Figure 10 is a photomicrograph of a nonwoven fabric
produced with the apparatus depicted in Figures 1, 2 and 3, showing the
side of the fabric which faces the perforated hollow drum; 5 -  Figure 11
is a photomicrograph of a nonwoven fabric produced with the apparatus
depicted in Figures 1, 2 and 3, showing the side of the fabric facing the
screen belt; and -  Figure 12 is a schematical view in cross-section of the
fabric shown in Figures 10 and 11; and 10 Throughout the drawings, the same
reference numerals designate identical or similar components. DESCRIPTION
OF A PREFERRED EMBODIMEHT 15      Figure 1 is a schematical side view of
the fiber rearranging station of an apparatus used for the manufacture of a
nonwoven fabric by applying fluid forces to a web of starting material in
which the individual fibers are loosely associated and are free to move one
relatively to the other. The fiber rearranging station, identified
comprehensively bythe reference numeral 10, comprises a hollow metallic
drum 12 mounted for rotation about its longitudinal axis into a suitable
cradle (not shown). A drive mechanism (not shown) is provided to rotate the
drum 12 in the counterclockwise direction, as 20   shown by the arrows 14
at a controlled speed. The drive mechanism is of a well-known construction
and does not form part of this invention. The structure of the hollow drum
12 will be described with more detail by referring to Figures 2 and 3. The
shell of the drum 12 is provided on its entire surface with perforations 16
arranged into a predetermined pattern and separated from one another by
land areas 18 corresponding to the closed or impermeable zones of the drum
12. The pattern of 25  the openings 16 is an important factor which
determines, in conjunction with other factors, the network structure of the



nonwoven fabric. In the art of manufacturing nonwoven fabrics, the effect
of the perforation scheme on the nonwoven fabric structure is well
understood by those skilled in the art and it is not deemed necessary here
to discuss this matter. Referring back to Figure 1, the fiber rearranging
station 10 also comprises an endless screen belt 20 which is mounted in a
partially overlapping relationship to the drum 12 by means of guide rollers
22. Support rollers 24 are 30   positioned at the comers of an imaginary
rectangle and act, in conjunction with guide rollers 22, to tension and
establish a path for the screen belt 20. One or more of the rollers 22 or
24 are drive rollers for advancing the belt 20 in unison with the drum 12,
in other words to prevent a relative translatory motion therebetween. The
structure of the screen belt 20 is another factor influencing the network
structure of the nonwoven fabric, as it is known to those skilled in the
art. Therefore, the screen belt must be selected carefully in accordance
with all the other 35   operating conditions of the machine, such as the
type of drum which is being used, the type of fibers to be processed and
the desired fabric network structure and surface finish, among others, to
optimize the performance of the machine. A pair of manifolds 26 and 28 are
mounted on either side of the structure formed by the screen belt 20 and
the hollow perforated drum 12 to create fluid streams for rearranging
loosely associated fibers confined between the drum 12 and the screen belt
20 into a unitary, thin reticular network. The manifold 26 is located
outside the hollow drum 12 40   and includes a metallic box 30 with a
concave wall 32 which faces the drum/screen belt and has a curvature
correspond- ing to the curvature of the drum shell. On the concave wall 32
are mounted a series of water jets or nozzles 34 in fluid communication
with the interior of the box 30 so as to create a plurality of fluid
streams impinging on the screen belt 20. The concave shape of the wall 32
permits the orientation of each jet 34 into a radial direction relative to
the drum/ screen belt and also to position the extremity of each nozzle at
exactly the same distance from the screen belt 20. This feature 45  is best
illustrated in Figures 1 and 2. The nozzles 34 are grouped into four
parallel rows, each row extending along the longitudinal axis of the drum
12. The nozzles produce fluid streams under the form of flat cones lying in
an imaginary plane which contains the drum longitudinal axis, the nozzles
into the same row being spaced from one another by a distance so that a
certain overlap occurs between streams from adjacent nozzles immediately in
front of the screen belt 20. The distance between suc- 50   cessive nozzle
rows is relatively small so that, for all practical purposes, the
individual fluid streams produced by the nozzles 34 are united into a
common fluid front acting on a given area of the fibrous web in the
drum/screen belt facing the manifold 26. The structure of the manifold 28
is essentially the same as in the case of the manifold 26, the only
exception being that the front wall of the manifold is convex rather than
concave for following the internal curvature of the hollow drum 55   12,
and also six rows of nozzles are provided instead of four. The individual
fluid streams from one manifold do not necessarily have to be colinear with
the individual fluid streams from the other manifold. A certain degree of
offset or stagger, either in the machine direction, the cross-machine
direction or an intermediate direction, is allowed upon the condition that
the majority of the fibers forming the starting material are    EP 0 468
799 B1 long enough and oriented in such a way as to span the offset
distance between two opposite fluid streams, whereby the fibers will be
subjected to the influence of fluid forces applied in opposition, albeit
acting on different portions of a given fiber. The maximum permissible
amount of offset depends upon the average fiber length. The orientation of
the offset should normally be consistant with the fiber orientation in the
starting material. 5       The embodiment shown in Figure 2 is an exemplary
hybrid form of construction where the two lower nozzle rows of the manifold
26 are perfectly in line with the two lower nozzle rows of the manifold 28,
while the two upper nozzle rows of manifold 26 are slightly offset with
relation to their companion nozzle rows of manifold 28. The important point
is that the arrangement does not adversely affect the operation of the
apparatus, achieving a fully satisfactory dual-sided fiber entangling
action. The difference in operation between embodiments using colinear
streams and slightly offset 10  streams resides essentially in the speed of
fiber entangling. When the streams are colinear, the entangling of the
fibers is almost immediate because the fibers are subjected to intense and
localized forces. In contrast, with offset streams, 



the entangling action is achieved progressively as the fibers move through
successive streams. The individual fluid streams produced by the nozzle
banks of manifolds 26 and 28 do not have to be necessarily oriented in the
plane containing the drum axis. It may very well be envisaged to rotate or
tilt the nozzles to incline the 15  streams with reference to the drum
axis. In such a construction, the overlap between adjacent streams will be
lost because the streams will lie in respective planes which are parallel
to one another and they extend obliquely to the drum axis. Varying the
orientation of the fluid streams is an adjustment that can be performed to
obtain a uniform web treatment, preventing the formation of fuzziness zones
in the final product. It is also possible to orient the nozzles of the
manifolds 26 and 28 at a certain angular relationship so that the fluid 20
streams are not perfectly colinear nor parallel. This variant can also
function well at the condition that the fluid streams give risetofluid
forces which have majorcomponents applied in opposition along colinearor
parallel directionsto the web. The number of nozzles per manifold is a
function of the amount of energy per unit of time or power, that must be
supplied by the fluid streams to rearrange the fibers of the web into the
desired network structure. The type of fibers used, the speed of the web
through the fluid streams, among other factors, determine the power
requirement of the 25   apparatus. Although not shown in the drawings, it
is to be understood that the manifolds 26 and 28 are connected to
respective sources of pressurized fluid, preferably water, for producing
the fluid streams. Fluid supply pressure control devices 35, of a type
known in the art, are also provided so that the fluid supply pressure in
each manifold can be conveniently controlled. 30      The operation of the
fiber rearranging station 10 is as follows. A web 36 of starting material,
containing loosely associated fibers, thus capable of movement one relative
to the other, is supplied in a continuous sheet form from a supply station
(not shown) that will also card the fibers in the machine direction and is
deposited over the horizontally extending forward run of the screen belt 20
preceding the section of the screen belt which loops the hollow drum 12.
The web 36 is pulled between the hollow drum 12 and the screen belt 20,
which form in combination a fluid permeable 35   web confining and
supporting structure guiding and advancing the web 36 through the opposed
water streams from the manifolds 26 and 28, applying fluid forces to the
web fibers to entangle them and form a unitary reticular network. When the
web 36 passes through the fluid treatment zone, the fibers in the area of
the web 36 over which the fluid fronts generated by the manifolds 26 and 28
meet are subjected to fluid forces applied through respective sides of the
fluid permeable web confining and supporting structure. Under the effect of
coacting fluid forces applied in opposition, 40  the fibers will migrate
toward preferential positions, overcoming inter-fiber friction, fiber to
screen belt friction and fiber to drum friction. The fibers leaving the
treatment zone are reoriented into a reticular network whose basic
configuration is dependent upon the relative intensities of the fluid
forces and upon the drum/screen belt combination, and which has a
considerably higher degree of fiber entanglement by comparison to what can
be achieved with a conventional method using only one fluid stream, either
on the inside or on the outside of the drum. 45      The fundamental aspect
of this invention resides in applying to the web opposite and coacting
fluid streams. Sur- prisingly, these opposite fluid streams have a
synergistic effect, rearranging the fibers into a predetermined network
with a higher degree of entanglement by comparison to single sided fluid
formation methods. Another significant advantage which results from the use
of opposed fluid streams to rearrange the fibers resides in the lower fluid
supply pressure necessary to operate the apparatus which contributes to
reduce the manufacturing cost of the final product. 50      Results of
tests conducted with an apparatus according to the invention are summarized
in the following table. Different fabric samples have been produced by
varying the manifold fluid supply pressures. For each sample, the following
data is reported: 1. Pressure in manifolds 26 and 28 in Kilo Pascals (KPa)
(pounds per square inch gage (psig)); 55 2. weight (W) in grams per meter
squared (g/m[err]); 3. tensile strength (TS) in Newtons per 6 ply (N/6
ply), measured in the machine direction (MD) and in the 6   



EP 0 468 799 B1 cross-machine direction (CD); 4. the percentage of
elongation (% ELONG) measured in the machine direction and in the
cross-machine direction; 6       5. the tenacity (TEN) measured in the
machine direction and in the cross-machine direction in newton's per ply
(N/ply) over 120 grains per meter squared (grains M2) (100 grains per yard
squared (grams/yd2)); and 6. a general measure of the sample tenacity (G.
TEN), reflecting the level of entanglement achieved, which is defined as
the square root of the product between the machine direction tenacity and
the cross-machine direction tenacity 10      values. All samples are
produced with a screen belt HC-7-800 commercialized by TETCO INC., having a
mesh opening of 800 [err]m. The hollow drum used has 22 openings per square
cm (144 opening per square inch) corresponding to a 38% open area. The
pattern of holes on the drum is such as shown in Figure 2, where the holes
are grouped into rows and 15  columns intersecting at right angles. The
manifold 26 has four rows of nozzles, each nozzle having a 15-45(10) size,
oriented at 0[err], i.e. the resulting fluid stream is horizontal. The
manifold 28 has six rows of nozzles, each nozzle having a size 15-55(12),
tilted at 45C relatively to the drum axis. (In the nozzle sizes given
above, the first numeral denotes the spread angle of the spray produced by
the nozzle and the second numeral denotes ten times the flow rate of the
nozzle expressed in litres per minute at a pressure of 20   2.758 x [err]
KPa (US gallons per minute at a pressure of 40 psig.) 25 30 - 35 40 45 50
55 7    EP 0 468 799 B1 [err] The general tenacity values of samples 1, 4
and 5 are particularly significant, illustrating the improvement in entan-
glement that can be achieved with the present method. Sample 1 has been
produced with only one fluid stream at 9.653 55   X 104 KPa (1 40 psig)
generated by the manifold 28 which is located within the hollow drum, the
outside manifold 26 being rendered inoperative by shutting down its fluid
supply. The method is therefore equivalent to the Keybak method. The
general tenacity value that has been achieved is 0.036. Sample 5 has been
produced under reversed operating conditions, i.e., manifold 26 is
functional at 9.653 x 104 KPa    EP 0 468 799 B1 (140 psig) while manifold
28 is inoperative. The method is equivalent to the Rosebud method. The
general tenacity value is 0.039, virtually the same as in the case with
sample 1. Sample 4 has been produced with both manifolds operating at 9.653
x [err] KPa (140 psig), the same fluid supply pressure used with samples 1
and 5. The general tenacity value achieved is 0.157, an improvement of over
400% by 5   comparison to samples 1 and 5 produced with prior art single
sided fluid formation methods. The graph in Figure 4 illustrates the effect
of manifold pressure on the general fabric tenacity. The fabric used for 



the test has a weight of approximately 40 g/m2. The fluid supply pressure
of manifold 26 appears on the X axis. The general fabric tenacity appears
on the Y axis. Various curves are plotted for given fluid supply pressures
of the manifold 28. The graph shows that the tenacity of the 10  fabric
increases as the fluid supply pressure in either manifold increases. The
higher tenacity values are achieved as a result of relatively high fluid
supply pressures in each manifold. The above table and the graph in Figure
4, also illustrate another advantage of the method according to the
invention residing in the low fluid supply pressure necessary to entangle
the fibers. In all cases, fluid supply pressures not ex- ceeding 1.5169 x
[err] KPa (220 psig) have been used, which is considerably less than
conventional processes that may 15  require pressures above 6.895 x 106 KPa
(1000 psig). The fiber rearranging process which occurs under the operating
conditions corresponding to sample 1, is schemat- ically illustrated in
Figure 5. Only the manifold 28 is operative, projecting fluid streams
against the internal surface of the hollow drum 12. The fluid mass flows
through the openings 16, packing the individual fibers of the web 36 on the
land areas 18 of the drum. The resulting fabric network structure is
identical to what is achieved with the Keybak method, 20  i.e. having a
pattern of clear holes in register with the drum openings 16. The fiber
rearranging process corresponding to sample 2 is shown in Figure 6. Both
manifolds operate, the inside manifold being supplied with fluid under a
higher pressure than the outside manifold. The fluid force acting on the
web 36 through the screen belt 20 starts closing the holes produced by the
fluid mass flowing out of the drum 12. Packings of fibers, identified by
the reference numeral 37, starts forming at the closed ends of the fabric
holes. 25      Figure 7 illustrates the fiber rearranging process
corresponding to sample 3. The fluid forces acting on either side of the
web 36 have the same intensity as the fluid supply pressure to each
manifold is the same. Under these operating conditions, a certain
equilibrium between the effect of each stream on the web is noted. By
comparison to the previous Figure, the packings 37 are now clearly visible
as a result of a fiber migration from the network defining the holes to the
packings 37. Accordingly, the holes in the fabric are shallower which has
the effect of bringing the packings 37 closer 30  to the drum outside
surface. Figure 8, corresponding to the fiber rearranging process of sample
4, illustrates what occurs when the intensity of the outside stream is
higher than the intensity of the stream produced inside the drum 12. The
packings 37 have grown larger at the expense of the fabric network which
defines the holes, and are closer to the drum outside surface. Figure 9,
corresponding tothe fiber rearranging proces of sample 5, shows what
happens when the internal manifold 35  is shut down. The resulting fabric
structure exhibits large fiber packings sitting in the openings 16 of the
drum 12. The original structure of holes has disappeared. The only fibers
remaining on the land areas 18 of the drum 12 serve to interconnect the
fiber packings 37. This fabric network structure corresponds to what is
achieved with the Rosebud method. The ability of the method for
manufacturing a nonwoven fabric to control the fabric network structure by
adjusting 40  the relative intensities of the fiber entangling fluid forces
constitutes another important advantage of the invention. With this method,
it becomes very easy to fine tune the fabric structure for specific
applications simply by selectively varying the manifold fluid supply
pressure. The fluid streams impart respective and distinct patterns to the
fabric, which coexist in the final product. More specifically, the fluid
stream from the manifold 28 creates the holes in the fabric. The fluid
stream from the manifold 26 closes the holes, producing a protuberant fiber
packing or knob at the end of each hole. 45   One pattern can be made
predominant simply by increasingthevelocityof the fluid stream providing
this pattern relatively to the velocity of the other fluid stream. The
nonwoven fabric network structures obtained under the operating conditions
depicted in Figures 6 to 8 are novel. Figures 10 and 11 are
photomicrographs of the respective sides of the preferred fabric structure
obtained by the setup of Figure 8, while Figure 12 is a schematical
illustration depicting the cross-sectional fiber distribution pattern 50
across the fabric. As it is shown in Figure 10, the fabric has a highly
cohesive reticular network, the holes which extend transverselytotheplane
of thefabricare identified bythe reference numeral38. The holes
38areclosedatone extremity by the protuberant fiber packings or knobs 37,
best shown in Figure 11. The fabric has two textured sides, one including a
pattern of recesses formed by the openings of the blind holes 38, the other
side having a knobby surface resulting from the apexes of the protuberant
fiber packings 37. Accordingly, the fabric has a very distinct feel, one
surface being 



55   knobby and the other surface containing the openings of the holes.38,
being much softer. The starting material 36 used with the method and
apparatus of this invention can be any of the standard fibrous webs such as
oriented card webs, isowebs, air-laid webs or webs formed by liquid
deposition. The webs may be formed in a single layer or by laminating a
plurality of the webs together. The fibers in the web may be arranged in a
random 9    EP 0 468 799 B1 manner or may be more or less oriented as in
the card web. The individual fibers may be relatively straight or slightly
bent. The fibers intersect at various angles to one another such that
adjacent fibers come into contact only at the points where they cross.
Possible types of fibers are polyester rayon, cotton, bico, polypropylene,
nylon, acrylic, and mixtures thereof, among others. 5       If it is
desired to increase the resistance of the fabric according to the
invention, a binder substance may be applied in a known fashion. Possible
binder substances are acrylic, ethylene vinyl, vinyl chloride, vinyl
acetate, polyvinyl alcohol, polyvinyl acetate, carboxilated polystyrene,
rubber and polyethylene emulsion and mixtures thereof, among others. The
binder substance may be incorporated directly in the fiber entangling fluid
streams to treat the fabric simultaneously during the fiber entangling
step. The fluid streams may also be used as a vehicle to apply a fire
retardant composition, 10   a coloring die or any other suitable agent to
the fabric. As stated earlier, the novel fabric structure has a distinctive
appearance, softness and feel. It has been found that it is particularly
well suited for making general purpose wiping cloths. When compared to
commerically available wiping cloths, such as the J-cloth* (trademark of
Johnson & Johnson), it has superior performance in various categories, as
summarized in the following table, yet being made with less binder than the
J-cloth, which provides a considerable 15   advantage in terms of
manufacturing costs. FABRIC ACCORDING TO THE INVENTION              J-CLOTH
Binder (% per weight)                                 15
19 20       Weight (g/[err])                                         53.2
52.2 Tensile strength M.D. (Newton)                       367
342 Tensile strength C.D. (Newton)                        57
47.8 Bulk 4 ply per cm (4 ply per inch)          0.033 (0.083)
0.024 (0.060) Absorptive capacity (%)                             1005
828 25       Absorbency rate (seconds)                              1.2
1.6 Washability (cycles)                                 120
100 Claims 30 1. A three-dimensional nonwoven fabric comprising a unitary
reticular network of fibers in mechanical engagement one with another
arranged solely under the influence of fluid forces, defining a
predetermined pattern of blind holes, each hole extending transversely to
the plane of the fabric and containing a protuberant fiber packing (37) at
a closed end thereof, one side of said fabric containing a pattern of
recesses (38) corresponding to openings of said 35      blind holes, the
other side of said fabric having a knobby surface containing apexes of the
protuberant fiber packings (37). 2. A method for fluid formation of a
unitary nonwoven fabric, comprising the steps of: 40          providing a
fibrous starting material whose individual fibers are capable of movement
relative to one another under the influence of applied fluid forces; and
subjecting said fibrous starting material (36) to coacting opposed fluid
streams while supporting and confining the material between an apertured
member (12) having a predetermined pattern of fluid passages (16) there- 45
through and a foraminous fluid permeable member (20), whereby under the
influence of fluid forces applied in opposition, the individual fibers of
the material are entangled, forming a reticular network which defines a
pattern 



of holes corresponding to said predetermined pattern of fluid passages. 3.
The method of claim 2 further comprising the step of controlling the
intensity of the fluid forces to control the structure 50      of said
network. 4. The method of claim 2 or claim 3 further comprising the step of
controlling the intensity of said fluid forces to control the fiber
distribution profile of said network in a transverse direction to the plane
of the nonwoven fabric. 55   5. The method of any one of claims 2 to 4
wherein the fluid forces comprise opposed and coasting fluid streams in a
staggered relationship producing respective fluid forces which are applied
in opposition to the fibrous starting mate- rial through said supporting
structure, causing a progressive dual-sided fiber entangling of said
fibrous starting 10    EP 0 468 799 B1 manner or may be more or less
oriented as in the card web. The individual fibers may be relatively
straight or slightly bent. The fibers intersect at various angles to one
another such that adjacent fibers come into contact only at the points
where they cross. Possible types of fibers are polyester rayon, cotton,
bico, polypropylene, nylon, acrylic, and mixtures thereof, among others. 5
If it is desired to increase the resistance of the fabric according to the
invention, a binder substance may be applied in a known fashion. Possible
binder substances are acrylic, ethylene vinyl, vinyl chloride, vinyl
acetate, polyvinyl alcohol, polyvinyl acetate, carboxilated polystyrene,
rubber and polyethylene emulsion and mixtures thereof, among others. The
binder substance may be incorporated directly in the fiber entangling fluid
streams to treat the fabric simultaneously during the fiber entangling
step. The fluid streams may also be used as a vehicle to apply a fire
retardant composition, 10   a coloring die or any other suitable agent to
the fabric. As stated earlier, the novel fabric structure has a distinctive
appearance, softness and feel. It has been found that it is particularly
well suited for making general purpose wiping cloths. When compared to
commerically available wiping cloths, such as the J-cloth* (trademark of
Johnson & Johnson), it has superior performance in various categories, as
summarized in the following table, yet being made with less binder than the
J-cloth, which provides a considerable 15  advantage in terms of
manufacturing costs. FABRIC ACCORDING TO THE INVENTION             J-CLOTH
Binder (% per weight)                                15
19 20       Weight (g/[err])                                        53.2
52.2 Tensile strength M.D. (Newton)                      367
342 Tensile strength C.D. (Newton)                       57
47.8 Bulk 4 ply per cm (4 ply per inch)          0.033 (0.083)
0.024 (0.060) Absorptive capacity (%)                            1005
828 25       Absorbency rate (seconds)                             1.2
1.6 Washability (cycles)                                120
100 Claims 30 1. A three-dimensional nonwoven fabric comprising a unitary
reticular network of fibers in mechanical engagement one with another
arranged solely under the influence of fluid forces, defining a
predetermined pattern of blind holes, each hole extending transversely to
the plane of the fabric and containing a protuberant fiber packing (37) at
a closed end thereof, one side of said fabric containing a pattern of
recesses (38) corresponding to openings of said 35      blind holes, the
other side of said fabric having a knobby surface containing apexes of the
protuberantfiberpackings (37). 2. A method for fluid formation of a unitary
nonwoven fabric, comprising the steps of: 40          providing a fibrous
starting material whose individual fibers are capable of movement relative
to one another under the influence of applied fluid forces; and 



subjecting said fibrous starting material (36) to coacting opposed fluid
streams while supporting and confining the material between an apertured
member (12) having a predetermined pattern of fluid passages (16) there- 45
through and a foraminous fluid permeable member (20), whereby under the
influence of fluid forces applied in opposition, the individual fibers of
the material are entangled, forming a reticular network which defines a
pattern of holes corresponding to said predetermined pattern of fluid
passages. 3. The method of claim 2 further comprising the step of
controlling the intensity of the fluid forces to control the structure 50
of said network. 4. The method of claim 2 or claim 3 further comprising the
step of controlling the intensity of said fluid forces to control the fiber
distribution profile of said network in a transverse direction to the plane
of the nonwoven fabric. 55   5. The method of any one of claims 2 to 4
wherein the fluid forces comprise opposed and coacting fluid streams in a
staggered relationship producing respective fluid forces which are applied
in opposition to the fibrous starting mate- rial through said supporting
structure, causing a progressive dual-sided fiber entangling of said
fibrous starting    EP 0 468 799 B1 material to form the nonwoven fabric.
6. An apparatus for producing a unitary nonwoven fabric from a fibrous
starting material in sheet form (36) whose individual fibers are capable of
movement under the influence of applied fluid forces, said apparatus
comprising a 5       fiber rearranging station (10), including: a) an
apertured member (12) having a predetermined pattern of fluid passages (16)
therethrough; b) a foraminous member (20) spaced apart from said apertured
member (12) to define therewith a fluid perme- 10          able supporting
structure for confining said fibrous starting material (36); and c) means
(26, 28) to generate opposed and coating fluid streams producing respective
fluid forces which are applied in opposition to said starting material (36)
through said fluid permeable supporting structure, causing a dualsided
fiber entangling of said starting material to form the nonwoven fabric. 15
7. The apparatus of claim 6 further comprising means for advancing said
fibrous starting material while in a confined condition through a fluid
treatment zone which comprising opposed and coacting fluid streams in a
staggered rela- tionship producing respective fluid forces applied in
opposition to said fibrous starting material through said sup- porting
structure, causing a progressive dual-sided fiber entangling of said
fibrous starting material to form the 20       nonwoven fabric.
Patentanspruche 25   1. Dreidimensionaler, nichtgewebter Stoff mit einem
einheitlichen vermaschten Netzwerkvon Fasern in gegenseitigem mechanischem
Eingriff, die nur unter dem EinfluB von FlOssigkeitskraften angeordnet
wurden, wobei ein vorgege- benes Muster von Blindl6chem gebildet wird,
wobei sich jedes Loch quer zur Ebene des Stoffes erstreckt und eine
vorstehende Faserpackung (37) an seinem geschlossenen Ende aufweist, wobei
eine Seite des Stoffes ein Muster von Vertiefungen (38) aufweist, die den
Offnungen der Blindl6cher entsprechen, und wobei die andere Seite des 30
Stoffes eine noppenartige Oberflache besitzt, die die Erh6hungen der
vorstehenden Faserpackungen (37) enthalt. 2. Verfahren zur Ausbildung eines
einheitlichen nichtgewebten Stoffes mittels einer FiOssigkeit, mit den
Schritten des Bereitstellens eines faserigen Ausgangsmateriales, dessen
einzelne Fasern sich relativ zueinander unter 35          dem Einflul3 von
angelegten FlOssigkeitskraften bewegen konnen; und des Unterwerfens des
faserigen Ausgangsmateriales (36) unter entgegengerichtete,
zusammenwirkende FlOs- sigkeitsstrome, wahrend das Material zwischen einem
gelochten Element (12) mit einem vorgegebenen Muster von
FlOssigkeitsdurchlassen (16) und einem perforierten,
flOssigkeitsdurchlassigen Element (20) gehalten wird 40          und davon
umgeben ist, wodurch sich die einzelnen Fasern des Materials unter dem
EinfluB der gogeneinander angelegten Flussigkeitskrafte verfitzen und ein
vermaschtes Netzwerk bilden, das ein Muster an Lochem auf- weist, das dem
vorgegebenen Muster der FlOssigkeitsdurchlasse entspricht. 



3. Verfahren nach Anspruch 2, mit dem weiteren Schritt des Steuems der
Intensitat der Flussigkeitskrafte, um die 45       Struktur des Netzwerkes
zu beeinflussen. 4. Verfahren nach Anspruch 2 oder Anspruch 3, mit dem
weiteren Schritt des Steuems der Intensitat der FlOssigkeits- krafte, um
das Faserverteilungsprofil des Netzwerkes quer zur Ebene des nichtgewebten
Stoffes zu beeinflussen. 50   5. Verfahren nach einem der AnsprOche 2 bis
4, wobei die FlOssigkeitskrafte entgegengerichtete und zusammenwir- kende
FlOssigkeitsstrome in versetzter Beziehung umfassen, die jeweils
FlOssigkeitskrafte erzeugen, die durch die Haltestruktur gegeneinander auf
das faserige Ausgangsmaterial gerichtet werden, um sin progressives,
zweiseiti- ges Faserverfitzen des faserigen Ausgangsmaterials zur Bildung
des nichtgewebten Stoffes zu veranlassen. 55   6. Vorrichtung zum
Herstellen eines einheitlichen nichtgewebten Stoffes aus einem faserigen
Ausgangsmaterial ihn Bahnform (36), dessen einzelne Fasem sich relativ
zueinander unter dem Einflul3 von angelegten FlOssigkeitskraf- ten bewegen
konnen, wobei die Vorrichtung eine Faser-Umordnungsstation (10) aufweist,
die umfal3t 11                     I 1:   111 ||||||| ||1|||  111||| ||| |
S *   C   L   M   S   *    EP 0 468 799 B1 a) ein gelochtes Element (1 2)
mit einem vorgegebenen Muster von Flussigkeitsdurchlassen (16); b) sin
perforiertes Element (20), das in einem Abstand vom gelochten Element (12)
angeordnet ist, urn damit eine flOssigkeitsdurchlassige Haltestruktur fOr
das faserige Ausgangsmaterial (36) zu bilden; und c) eine Einrichtung (26,
28) zum Erzeugen von entgagengerichteten und zusammenwirkenden
FlOssigkeits- 5           stromen, die die jeweiligen FlOssigkeitskrafte
erzeugen, die durch die flOssigkeitsdurchlassige Haltestruktur
gegeneinander auf das Ausgangsmaterial (36) gerichtet werden und eine
zweiseitige Faserverfitzung des Aus- gangsmaterials hervorruten, um den
nichtgewebten Stoff zu bilden. 7. Vorrichtung nach Anspruch 6, mit einer
Einrichtung zum Vorwartsbewegen des faserigen Ausgangsmaterials in 10
einem eingegrenzten Zustand durch eine FlOssigkeits-Behandlungszone, die
entgegengerichtete und zusammen- wirkende FlOssigkeitsstrome in versetzter
Beziehung einschliel3t, die jeweils FlOssigkeitskrafte erzeugen, die durch
die Haltestruktur gegeneinander auf das faserige Ausgangsmaterial gerichtet
werden, um ein progressives, zwei- seitiges Faserverfitzen des faserigen
Ausgangsmaterials zur Bildung des nichtgewebten Stoffes zu veranlassen. tS
Revendications 1. Tissu non tisse tridimensionnel comprenant un r6seau
reticulaire unitaire de fibres en prise mecanique l'une avec l'autre,
arrange exclusivement sous linfluence de forces fluidiques en d6finissant
un dessin pr6d6termine de trous 20       borgnes, chaque trou stetendant
transversalement au plan du tissu, et contenant un paquet de fibres
proeminent (37) a une extremite fermee de ce trou, une face dudit tissu
contenant un dessin de cavites (38) correspondant aux ouvertures desdits
trous borgnes, I'autre face dudit tissu ayant une surface boutonneuse
contenant les sommets des paquets de fibres proeminents (37). 25   2.
Procede pour la formation par fluide d'un tissu non tisse unitaire,
comprenant les phases consistant a: - preparer une matibre de depart
fibreuse dont les fibres individuelles sont capables de se d6placer I'une
par rapport a l'autre sous l'influence de forces fluidiques appliquees; et
*  soumettre ladite matibre de depart fibreuse (36) a des courants de
fluide cooperants opposes en meme temps 30          qu'on donne appui a la
matibre entre un element ajoure (12) ayant un dessin pred6termine de
passages de fluide (16) qui le traversent, et un element poreux (20),
permeable aux fluides, de sorte que, sous l'influence des forces fluidiques
appliquees en opposition, les fibres individuelles de la matibre de depart
s'enchevetrent, en formant un reseau reticulaire qui d6finit un dessin de
trous correspondant audit dessin predetermine de passages de fluide. 35 3.
Procede selon la revendication 2, comprenant en outre la phase consistant a
commander l'intensite des forces 



fluidiques pour maltriser la structure dudit reseau. 4. Procede selon la
revendication 2 ou la revendication 3, comprenant en outre la phase
consistant A commander 40      l'intensite desdites forces fluidiques pour
maTtriser le profil de distribution des fibres dudit reseau dans une
direction transversale au plan du tissu non tiss6. 5. Procede selon une
quelconque des revendications 2 A 4, dans Iequel les forces fluidiques
comprennent des courants de fluids opposes et coop6rants places en zigzag,
qui produisent des forces fluiidiques respectives qui sont appli- 46
quees en opposition & la matiere de depart fibreuse A travers ladite
structure de support, en provoquant un enche- vAtrement progressif
bilateral des fibres de ladite matiere de depart fibreuse pour former le
tissu non tissed. 6. Machine pour produire un tissu non tisse unitaireA
partird'une matierede departfibreuse dont les fibres individuelles sont
capables de se deplacer sous l'influence de forces fluidiques appliquees,
ladite machine comprenant un poste 50       de rearrangement des fibres
(10) comprenant: a) un el6ment ajour6 (12) ayant des passages de fluide
(16) qui le traversent; b) un element poreux (20) espace dudit 6lement
ajour6 (12) pour d6finir avec celui-ci une structure de support permeable
aux fluides pour confiner ladite matibre de depart fibreuse (36); et 55
c) des moyens (26, 28) destines a engendrer des courants-de fluids opposes
et cooperants qui produisent des forces fluidiques respectives qui. sont
appliquees en opposition a la matiere de depart (36) A travers ladite
structure de support permeable aux fluides, en provoquant un enchevetrement
bilateral des fibres de la matibre de depart pour former le tissu non
tisse. . .... . . .. ... ...   -   ----    EP 0 468 799 B1 7. Machine selon
la revendication 6, comprenant en outre des moyens servant & faire avancer
ladite matiered d6part fibreuse pendant qu'elle est dans un etat confine, a
travers une zone de traitement par le fluide qui comprend des courants de
fluide opposes et coopsrants places en zigzag, qui produisent des forces
fluidiques respectives appli- quees en opposition a ladite matiere de
depart fibreuse & travers ladite structure de support, en provoquant un 5
enchevetrement progressif bilateral des fibres de ladite matiere de depart
fibreuse pour former le tissu non tisss. 10 15 20 25 30 35 40 45 so 55~ ~ ~
~ ~ ~ ~~~~~~~1    


