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Description

[0001] This invention relates to a melt extruded monofilament in accordance with claim 1, to a paper maker's forming
fabric made from synthetic plastic fibers in accordance with claim 6, and to a multifilament yarn, a staple fiber, a spun
yarn and a composite yarn based on the melt extruded monofilament of claim 1.
[0002] In a papermaking machine, a continuous sheet of paper or paper-like material is formed by flowing a water-
based slurry of cellulosic fibers onto a travelling continuous woven belt. As the slurry travels on the continuous belt,
also known as a forming fabric or forming wire, it is transformed into a wet paper web which is largely self supporting,
by removing from it much of the water in the initial slurry. A typical slurry as delivered to the moving forming fabric can
contain as little as 0.5% by weight of cellulosic fibers, can range in temperature from about 30 C to about 85° C, and
typically has a pH of from 4 to 9. The wet paper web leaving the forming fabric to pass to the press and dryer sections
can still contain 80% water by weight.
[0003] After leaving the wet end or forming section over a couch roll, the still-wet web is transferred to a press section
where a major proportion of the remaining water is removed, by passing it through a series of pressure nips in sequence.
On leaving the press section the web passes to a dryer section, which is heated for final drying. The dried web can
then be calendered, to smooth the surface, and is finally collected on a reel.
[0004] As the wet slurry travels along on the forming fabric, water removal is enhanced by the use of hydrofoils, by
table rolls, and by suction boxes.
[0005] This invention is directly concerned with the wet end or forming section of a papermaking machine, and thus
is concerned with papermaking fabrics known as "forming fabrics". These fabrics are used to screen a moisture laden
mass of cellulose fibers during the initial stage of water removal to transform it into a wet paper web.
[0006] In the original Fourdrinier papermaking machines, the forming fabric comprised a structure woven from metal
wire, as a result of which these fabrics came to be known as fourdrinier wires. The preferred metal for these wires was
phosphor-bronze. These fourdrinier wires were used in all kinds of papermaking machines, and for all qualities of paper.
Whilst effective, these wires were not without disadvantages, especially as regards their abrasion resistance capabil-
ities when the cellulose fiber slurry also contained abrasive fillers such as silica and calcium carbonate.
[0007] Of recent times, these wire fabrics have been replaced with fabrics based on synthetic plastic fibers, which
commonly are monofilaments. Since the ultimate basis of good quality paper lies in the forming fabric itself, the structure
and properties of the forming fabric are of vital importance. The major advantage offered by the fabrics based on
synthetic plastic monofilaments over the phosphor-bronze wire fabrics is an improved abrasion resistance, which has
led to an average improvement in fabric life of over four times that of the wire fabrics. But these fabrics are still prone
to abrasion by the same sorts of fillers as caused problems with the older phosphor-bronze wires. For a paper machine
forming fabric to be successful, it must desirably possess the following characteristics:

(i) it must be resistant to abrasion both by rubbing contact with machine parts, and by contact with solids in the
cellulose fiber-water slurry;
(ii) it must be structurally stable in the plane of the fabric, in order to be able to cope with the stresses imposed on
it in use;
(iii) it must resist any dimensional changes in the plane of the fabric due to moisture absorption over a wide range
of moisture contents, since when the machine is running it will be fully wet, and when the machine is stopped for
any length of time it will dry out;
(iv) it must resist stretching under the tension imposed by the powered rolls which drive the fabric in a paper making
machine;
(v) it must be resistant to degradation by the various materials present both in the cellulose fiber-water slurry, and
in materials used to clean the forming fabric, at the prevailing temperatures of use.

[0008] No known fabric, not even the long-used phosphor-bronze fourdrinier wires, exhibits perfectly all of these
characteristics: for example, as noted above, the phosphor-bronze wires do not resist abrasion as much as is desirable.
Not even the available synthetic plastic monofilaments will provide fabrics meeting all of these requirements to the sort
of level that a papermaker desires. The synthetic polymers which provide the currently most acceptable monofilaments
used in making forming fabrics are polyester, more particularly polyethylene terephthalate, and polyamide, particularly
nylon-6(polycaprolactam) and nylon-66(poly-hexamethyleneadipamide). These monofilaments have been mixed with
others, such as polyethylene and polyesters based on polybutylene terephthalate, but still such fabrics are far from
perfect. The major difficulties essentially are two:

(a) whilst polyethylene terephthalate shows more than adequate chemical and dimensional stability and also is
amenable to weaving, having good crimpability, and exhibiting good heat-set behaviour, its abrasion resistance
leaves something to be desired, especially with the higher speed modern machines.
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(b) whilst nylon-6 and nylon-66 show adequate abrasion resistance, they have serious deficiencies for weaving
as they have very poor crimpability and inadequate heat-set behaviour, and they possess neither adequate di-
mensional stability in the moisture range found in the paper making environment, nor adequate resistance to some
of the materials used in cleaning forming fabrics.

[0009] The inherent dimensional instability of nylon-6 and nylon-66 in the range of moisture contents found in the
paper-making environment, running from fully wet to dry, imposes a restriction on the ratio of nylon monofilaments to
polyethylene terephthalate monofilaments which may be used. This is cited as 50% in both U.S. 4,529,013 and
4,289,173; West German OS 2,502,466 similarly gives a figure of 50%, and additionally suggests that the nylon fila-
ments should have at least 4% (the maximum recommended is 25%) larger diameter than the polyester monofilaments.
Attempts to circumvent this difficulty by improving the abrasion resistance of polyester monofilaments, while still re-
taining their superior dimensional stability when compared to nylon, for example as in European Published Application
158,710, have not been completely successful. Similarly, improving the abrasion resistance of the nylon monofilament,
for example as disclosed in Canadian patent 1,235,249, does not permit one to overcome this restriction on nylon
monofilament content as it does nothing to alleviate the known nylon dimensional instability. An alternative solution
which is concerned with the poor crimpability of nylon is proposed in U.S. 4,709,732; however, this involves an increase
in fabric weave complexity, and, as it does not address the dimensional instability, does not permit the nylon content
to be increased.
[0010] A further proposal concerning the use of polyester and nylon yarns in a paper maker's forming fabric can be
found from the International Patent Publication No. WO 87/04198. This document recognises that the material chosen
for the fabric must have both dimensional stability and abrasion resistance. To this end it provides a dual-layer paper
maker's fabric comprising an endless belt formed of machine direction and cross-machine direction yarn systems with
a machine contacting layer of cross-machine direction yarns positioned with respect to the paper stock contacting layer
of cross-machine direction yarns so as to be on top of one another and with the machine direction yarns being inter-
woven with the cross-machine direction yarns. The citation proposes special weave patterns to improve the perform-
ance of the paper forming fabric. The document recognises that at the points where the fabric supports the paper (the
first layer of cross-machine direction yarns), the yarns must be dimensionally stable. Moreover, where the fabric comes
in contact with the machine rollers (the second layer of cross-machine direction yarns), they must be abrasion resistant.
According to the citation the yarns should be monofilaments, the preferred yarns being monofilament yarns of poly-
ethylene terephthalate (PET). It is explained that in many high wear applications PET yarns are, however, subject to
wear which will result in such problems as belt instability and reduced papermaking machine efficiency. In this situation
every other yarn on the botton layer is then preferably made of polyamide (nylon) which does not wear as easily as PET.
[0011] Thus a forming fabric containing both a nylon and a polyester provides an acceptable compromise, provided
the amount of nylon used is limited. Such fabrics also appear to be resistant to the pH which can be expected in use,
which may range from about 4 to a value in the 8-9 range. Polyester fibers do not degrade unduly under these conditions,
even under the ranges of temperature extending up to about 85° C encountered in modern paper making machines.
[0012] Attention should also be drawn to the international publication No. WO 83/01253 which proposes a monofil-
ament of low carboxyl content for use in fabricating a paper-machine dryer fabric having improved resistance to hy-
drolytic degradation and abrasion. The monofilament comprises a polyester, a polyester stabiliser and a thermoplastic
material. According to the reference the thermoplastic material may be a polyurethane. The document does not however
give much detail with respect to possible polyurethane materials. It is simply stated that examples of compatible pol-
ymers with good abrasion resistance are polyurethanes produced by the reaction of methylene diphenyl isocyanate
or tolylene diisocyanate with polyethylene adipate or phthalate or polyalkylene oxides. There is no identification of the
materials used for the comparative tests leading to the results summarised in tables 1 and 2 concerning the loss of
tensile strength under hydrolysis conditions and abrasion resistance. In view of these deficiencies it is impossible for
even a skilled reader to repeat these experiments. Moreover, it is also noted that the reference is concerned with a
dryer fabric, and that the conditions which prevail in the dryer section of a paper making machine are significantly
different from those which are encountered in the forming section. The hydrolytic stability referred to in the document
is defined as the resistance to chemical degradation from the reaction of steam with the polyester leading to a loss of
strength in the monofilament fiber. Steam is encountered for a dryer fabric at the beginning of the dryer section but not
however in the forming section where the forming fabric encounters a maximum temperature of at most 85° C.
[0013] This invention seeks to provide a solution to the problems associated with the use of nylon, by making available
monofilaments based on a polymer blend which has the weaving and heat setting characteristics of polyethylene tereph-
thalate, said monofilaments being suitable for an alternative papermakers forming fabric. This fabric also at least ap-
proaches the abrasion resistance capabilities of the common nylon-containing fabrics. For the remainder of the forming
fabric it is preferred to use monofilaments of polyethylene terephthalate, but this invention is not limited to the use of
this polymer for the remainder of the fabric, as other yarns or monofilaments could be used. Additionally, whilst in the
following description this invention is discussed by way of reference to monofilaments as being the woven fibers, it is
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not so limited, and is applicable to forming fabrics woven from both yarns and monofilaments. It is preferred that the
yarn used be a monofilament.
[0014] Thus in its broadest aspect this invention provides a melt extended monofilament when used for the cross
machine yarns of a forming fabric for a paper making machine, the monofilament consisting essentially of a major
portion by weight of a polyethylene terephthalate polyester and a minor proportion by weight, of a thermoplastic poly-
urethane, e.g. up to 30% by weight of a thermoplastic polyurethane, together with from zero to 5% by weight of a
hydrolysis stabilizer, characterised in that said polyethylene terephthalate polyester is present in an amount from 60%
to 90% by weight and has an intrinsic viscosity of between 0.5 and 1.20 when measured in a solvent comprising a 60:
40 parts by weight mixture of phenol and 1,1,2,2-tetrachloroethane at a temperature of 30°, and in that, in the blended
monofilament, the polyurethane used is present in an amount from less than 40% to 10% by weight and has a Durometer
Type A hardness of no greater than 95 or a Durometer Type D hardness of no greater than 75.
[0015] Preferably, the percentage range by weight of thermoplastic polyurethane is above about 15%; more prefer-
ably 25% to about 35%; and most preferably the amount of thermoplastic polyurethane is about 30%.
[0016] Moreover a forming fabric is proposed for use in papermaking machine said fabric being woven from:

(a) at least one set of yarns woven in a first direction of the fabric, and
(b) at least one set of yarns woven in a second direction of the fabric substantially at right angles to the first direction
said yarns including monofilament yarns in accordance with the present invention as set forth immediately above
and in claims 1 to 5.

[0017] In this fabric in a preferred embodiment the yarns used in both the first and the second direction are mono-
filaments, and it is also preferred that the yarns used in the first direction, together with the remainder of the yarns in
the second direction, are polyethylene terephthalate.
[0018] Utilization of the new monofilament of this invention in its broadest aspect is thus independent of the form of
weave used. It encompasses those fabrics commonly known as single layer, double layer or duplex, and composite.
Descriptions of these generic forming fabric types are provided, amongst other places, in U.S. Patents 3,858,623 and
4,071,050 and in Canadian Patent 1,115,177, respectively.
[0019] In a preferred embodiment of this fabric the yarns used are monofilaments. In a more preferred embodiment
the yarns comprising the major proportion of the face of the forming fabric and the minor proportion of the machine
side of the fabric are polyethylene terephthalate monofilaments.
[0020] In the following description, it is to be understood that the term "machine direction" means a direction sub-
stantially parallel to the direction in which the forming fabric moves in the paper machine. Similarly, the term "cross-
machine direction" means a direction substantially at a right angle to the "machine direction", and in the plane of the
fabric. For a forming fabric which is not woven as a continuous loop but rather as an ordinary length of fabric (which
is later joined to provide a continuous loop), "machine direction" corresponds to the warp threads, and "cross-machine
direction" to the weft threads.
[0021] The fabrics of this invention are thus comprised of two different yarns, preferably one of which is a polyester
monofilament, and the other of which is a monofilament of a polyester - thermoplastic polyurethane blend. Quite sur-
prisingly it has been found that blends containing from 10% to at most 40% of polyurethane provide a monofilament
which has abrasion resistance characteristics approaching those of a nylon monofilament, but without the other at-
tendant problems of such a nylon monofilament deriving from its lack of permanent crimpability. Indeed certain polyester
- thermoplastic polyurethane blends exhibit better crimpability and heat set behaviour than those of the polyester when
that polyester is used without any thermoplastic polyurethane in the monofilament. This property has a direct bearing
on the weaving behaviour of these monofilaments, and is wholly unexpected. The use of this blended monofilament
also allows further simplification of the weaving process, since it permits the elimination of the nylon monofilaments
often used in the cross-machine direction to provide adequate abrasion resistance properties to the machine side of
the fabric. In order to balance the known dimensional instability of the nylon in the presence of water, at best it can
comprise alternate yarns in the weave; thus, a cross machine yarns mix is not needed with the monofilaments of this
invention as the polyester - thermoplastic polyurethane blend monofilaments can be used alone as the only cross-
machine yarns. This is of particular interest in complex multi-layer fabrics, wherein the polyester - thermoplastic poly-
urethane blend monofilament need only be used as the cross machine yarn in the machine-side of the fabric, as this
is the surface exposed to most of the abrasion.
[0022] For the blended monofilament, there are some necessary criteria which the polyester component must meet
not only to provide a material which can be melt extruded into suitable monofilaments, but also to provide a polymer
blend which has adequate properties. In addition to the standard requirements of purity, lack of "dirt", and particularly
lack of water (the polyester should be relatively anhydrous with at most 0.007% of water) the polyester should also
have a molecular weight similar to that of resins commonly used to provide warp and weft yarns. Thus the polymer
should have an intrinsic viscosity of between 0.50 and 1.20, when measured in accordance with the procedure set
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forth below. Preferably, the intrinsic viscosity is in the range of from 0.65 to 1.05. Polyethylene terephthalate grades
available under the following designations (which include trade marks) have this property:
Dupont "Merge 1934" (a product of Du Pont sold under this description)

Arnite A06-300 (a trade mark of Akzo)
Vituf 9504C (a trade mark of Goodyear)
Tenite 10388 (a trade mark of Eastman) As a guide, only, it is believed that these preferred viscosities correspond

to number average molecular weights in the range of from about 1.5 x 104 to about 5.2 x 104.
[0023] The intrinsic viscosity, when given herein, is measured on a solution of the polyester in a mixed solvent com-
prising a 60:40 part by weight mixture of phenol and (1,1,2,2)-tetrachloroethane. The viscosity measurements are
carried out at 30°C.
[0024] Turning now to the thermoplastic polyurethane part of the blend, it is again necessary that the material used
be essentially anhydrous (less than 0.01% water), free from impurities as far as possible, and also free of "dirt", so
that it can be processed by normal melt extrusion techniques into a monofilament. Generally, thermoplastic poly-
urethanes are of two types; those derived from polyesters, and those derived from polyethers. For the purposes of this
invention it has been found that the polyester variety is more effective, and hence is preferred.
[0025] Preferably, the thermoplastic polyurethane is a relatively soft material, the softness being measured in ac-
cordance with the standard procedure set forth in ASTM Method D.2240. The hardness should be no greater than 95
when measured with a Type A durometer, or no greater than 75 when measured with a Type D durometer.
[0026] Thermoplastic polyurethane grades available under the following designations (which include trade marks)
have been found to be suitable for preparing the blended polymer monofilaments of this invention: Ester-based types:

Texin 445D (a trade mark of Mobay)
Elastollan C95 (a trade mark of BASF)
Pellethane 2102-80AE (a trade mark of Dow Chemical) Ether-based types:
Texin 990A (a trade mark of Mobay)
Pellethane 2103-80A (a trade mark of Dow Chemical).

[0027] In the preceding discussion, mainly for the sake of simplicity, the percentages given total to 100%. Generally
speaking, the only other addition is a small amount, less than 0.5% by weight maximum, of a dye or pigment, such as
TiO2, to give the fiber a desired appearance. Under certain conditions a hydrolysis stabilizer is necessary. If the paper
making machine is being operated at below temperatures of about 43 to 48° C, then hydrolysis of the blended mono-
filaments of this invention is not a dominant consideration. Many paper making machines operate at higher tempera-
tures than this, up to about 85°C. At this order of temperature, hydrolysis stabilizers are necessary, as otherwise it
appears that the blended fibers degrade more rapidly than is desirable. As will be shown below, it appears that it is the
thermoplastic polyurethane which is being degraded, since tests have shown that although the tensile strength is only
marginally being affected, the abrasion resistance decreases significantly.
[0028] The amount of stabilizer used can thus range from none at all, up to a maximum of about 5% of the total
weight, beyond which no further improvement appears to be observed. Where a stabilizer is used, it seems that below
about 0.3% the amount of protection given is minimal. We therefore prefer to use the stabilizer in a range of from about
0.3% to 5.0%, with a preferred range being from about 0.7% to about 3%. The stabilizer is conveniently incorporated
into the blend by way of a "masterbatch" made up in either the thermoplastic polyurethane or the polyester. Commer-
cially available stabilizers of the latter type which have been found to be successful are:

Stabaxol KE7646 (a trade mark of Rhein Chemie)
Stabaxol P100 (a trade mark of Rhein Chemie)
Hytrel 10MS (a trade mark of Dupont). It is also contemplated that the monofilaments can be surface coated as

produced, for example with a combined antistatic agent and lubricant, to facilitate handling and weaving.
Generally speaking such coatings are removed very quickly when the fabric gets used in a paper making machine.

Examples

[0029] For brevity, in the following Examples the following abbreviations are used. The term PET is used to denote
polyethylene terephthalate, and the term TPU is used to denote thermoplastic polyurethane. Where necessary, the
TPU is identified as being ether-based or ester-based.
[0030] In the following Examples, the PET used was a Du Pont product, sold under the description "Merge 1934".
Generally, this material was dried before use, and also post-condensed in the solid state to ensure that the intrinsic
viscosity is within the desired range. Similarly, the TPU material was also dried before use. In all cases, the nylon was
nylon 66.
[0031] These Examples also utilize monofilaments prepared from the specified polymers. Where relevant, the di-
mensions of these monofilaments are given. Generally, the monofilaments used in forming fabrics will have a size
within the range of from about 0.1 mm to about 0.9 mm, and most often in the range of from about 0.127 mm to about
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0.4 mm. It should also be noted that the monofilament is not necessarily of circular cross section, and particularly may
be in the form of a rectangle or ribbon.

A. Monofilament Abrasion

[0032] To determine their abrasion resistance, lengths of monofilament strands are initially weighed and then wound
in a single layer around one end of a polyethylene rod. A polyester control monofilament is wound around the other
end. The rod is then mounted on the lower end of a vertical shaft, at right angles to it, so as to immerse the two windings
in a slurry of 57% by weight of No. 24 grit sand in water. The shaft is rotated by a motor drive above the tank containing
the slurry. After a predetermined time, the strands are removed from the slurry, unwound, dried, and weighed. The
abrasion resistance is determined by calculating the percentage weight loss. The time and shaft rotation speed are
chosen to give measurable results. The abrasion resistance of degraded samples is determined in the same manner
after the coils of monofilament have been immersed in solutions of controlled pH and temperature for varying lengths
of time.
[0033] The following results were obtained for PET-TPU blends of varying TPU concentrations:

[0034] This data shows that the abrasion resistance of monofilaments made from blends of PET and TPU is slightly
better than PET when the TPU concentration is 15%, and becomes increasingly better as more TPU is added, up to
a level of 45%. At this concentration, however, the monofilament becomes difficult to control during extrusion and
becomes extremely soft, making it unsuitable for weaving and heat setting.
[0035] The TPU used in these experiments was Texin 445D.
[0036] The effect of stabilizer on improving the degradation resistance of the blended monofilaments is illustrated
by the following results for a pH 4.0 solution:

[0037] This data shows that the addition of stabilizer to the blend of PET-TPU results in a significant improvement
in degradation resistance at all test temperatures. The stabilizer in this case was stabaxol KE7646 and the TPU was
Texin 445D.
[0038] The effect of stabilizer concentration is shown in the following table:

[0039] Both stabilized blends have greatly improved degradation resistance but the higher concentration of stabilizer
does not give any further improvement. In these examples, the TPU was Pellethane 80AE and the stabilizer, Staboxyl
KE7646.
[0040] In another test the effect of the stabilizer on the abrasion resistance of an unhydrolysed blend of 65% PET

Example Composition % Weight Loss

A1 100% PET Control 3.2
A2 95% PET + 5% TPU 3.4
A3 85% PET + 15% TPU 3.1
A4 75% PET + 25% TPU 2.4
A5 65% PET + 35% TPU 1.8
A6 55% PET + 45% TPU 1.1

Example Composition Exposure % Weight Loss

A7 64% PET + 36% TPU 71°C for 21 days 2.3
A8 64% PET + 36% TPU 88°C for 7 days 2.3
A9 64% PET + 36% TPU 100°C for 3 days 2.7
A10 62% PET + 37% TPU + 1% Stabilizer 71°C for 21 days 1.2
A11 62% PET + 37% TPU + 1% Stabilizer 88°C for 7 days 1.2
A12 62% PET + 37% TPU + 1% Stabilizer 100°C for 3 days 1.4

Example Composition Exposure % Weight Loss

A13 66% PET + 34% TPU 100°C for 3 days 2.5
A14 73.2% PET + 26% TPU + .8% Stabilizer 100°C for 3 days 1.9
A15 71.8% PET + 26% TPU + 2.2% Stabilizer 100°C for 3 days 1.9
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and about 35% TPU was investigated. The results are given in the following table:

[0041] This data shows that the addition of stabilizer does not have any detrimental effect on abrasion resistance.
In this experiment the TPU was Texin 445D and the stabilizer, Staboxyl KE7646. The polyester used in all examples,
A1 to A19, was Dupont Merge 1934, post-condensed in the solid state.

B. Fabric Abrasion

[0042] To measure the abrasion resistance of forming fabrics, a fabric sample is held under tension against the outer
surface of a drum comprised of ceramic segments rotating in a horizontal plane. A jet of water is continuously applied
to the entrance nip of the fabric on the drum so as to keep the fabric and ceramic surface wet.
[0043] The thickness of the fabric is measured at the beginning of the test and thereafter at predetermined times
after exposure to the rotating ceramic segment surface. The loss of thickness is a measure of abrasion resistance.
[0044] A series of double layer fabric samples were woven with warps of .16 mm diameter at a mesh count of 59/cm.
The bottom, or machine side set of wefts were woven using PET, alternating PET/nylon, and 75% PET/25% TPU blend.
In each case the weft count was 51/cm. All of these samples were woven with a paper side weft diameter of 0.19 mm
and a machine side weft diameter of 0.30 mm. All of the samples were heat set identically. The results of abrasion
tests in which the machine side of the fabric was in contact with the drum are given in the following table.

[0045] This result shows that both the fabric comprised of alternating PET/nylon weft and the fabric comprised of
the 75% PET/25% TPU blend weft have much better abrasion resistance than the fabric woven with PET weft. Moreover,
the fabric with the PET/TPU weft is more abrasion resistant than the fabric with alternating PET/nylon.
[0046] In a second series of tests, the abrasion resistance of fabric samples with blended monofilaments having
different concentrations of PET and TPU woven in the bottom layer of a composite fabric was measured. The upper
mesh count was 25/cm, the lower mesh count 12.5/cm. The rectangular-section upper and lower warps were 0.11 mm
by 0.19 mm, and 0.19 mm by 0.38 mm respectively. The wefts were PET monofilaments, with the upper weft having
a diameter of 0.18 mm and the lower weft having a diameter of 0.30 mm. A 0.14 mm PET weft binder strand or tie
strand was used in all cases. The bottom layer of the fabric was in contact with the drum.

[0047] The TPU used was Texin 445D, and the PET was DuPont Merge 1934, post-condensed in the solid state.
[0048] This data supports the findings of strand abrasion tests; namely, that the abrasion resistance of cloth woven
with blended PET/PTU weft exhibits superior abrasion resistance to cloth woven with 100% polyester weft, and further
that the abrasion resistance improves with increasing concentrations of polyurethane. The 65% PET/35% TPU sample
is more abrasion resistant than the alternating PET/nylon-66 sample.

Example Strand Description % Weight Loss

A19 Polyester 2.2
A20 64% PET + 36% TPU 1.2
A21 62% PET + 37% TPU + 1% Stabilizer 1.1

--------Thickness Loss in millimeters-------

Example Time in Minutes PET Control Alternating PET/Nylon 66 75% PET/25% TPU Blend

B1 30 .0132 .0147 .0124
B2 60 .0165 .0157 .0142
B3 105 .0210 .0180 .0162

Example Composition Thickness Loss in Millimeters after 75 Minutes

B4 100% PET Control .0188
B5 84% PET + 16% TPU .0152
B6 75% PET + 25% TPU .0137
B7 65% PET + 35% TPU .0119
B8 Alternating PET/Nylon 66 .0124
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C. Wet to Dry Dimensional Stability

[0049] Forming fabrics are often subjected to cycles of drying and wetting. For example, they are delivered dry to
the paper mill and become saturated with water shortly after the paper machine is run to make paper. During its life
time a forming fabric may be dried out several times at maintenance shut-downs or week-ends. A forming fabric with
a large proportion of nylon monoflaments in the cross machine direction will then suffer from changes in width. In cases
where the polyester and nylon monofilaments lie in two separate layers, the forming fabric will curl badly at the edges
due to the differential expansion or contraction of the two layers. This behaviour limits the use of nylon monofilaments
to 50% of the total cross machine direction filaments. In the great majority of forming fabrics it is limited to 25% of the
total; that is, 50% of the machine side cross machine direction monofilaments being nylon and the remainder of the
machine side monofilaments and all of the paper side monofilaments being PET. At 25% nylon content the polyester
monofilaments substantially prevent the nylon monofilaments, and the entire fabric, from expanding or contracting
significantly under conditions of different water content.
[0050] The following table shows the length changes occurring in monofilaments made from nylon, polyester, and
the blended monofilaments of this invention when subjected to a cycle of wetting (boiling in water) and then drying out.
Measurements of length were made at room temperature immediately after the wetting or drying.

[0051] The results clearly show the well-known difference in behaviour between nylon and polyester monofilaments.
The results also show that the blended monofilaments of this invention are very stable. At 45% TPU content the blended
monofilament begins to suffer from dimensional instability.

D. Crimpability

[0052] A commonly used measure of crimpability of the weft strands in forming fabrics is the so-called crimp differ-
ential. The warp monofilaments in the final cloth tend to be straighter than the weft monofilaments, which, to a degree,
are simply bent over and under the warp monofilaments. The weft monofilaments therefore tend to lie proud of the
warp monofilaments, particularly on the machine-side of the fabric. But if the weft is a very stiff monofilament, then it
will tend to bend the warp monofilament and thus not lie so proud of the warp. By careful measurement of the cloth
thickness, it is possible to determine how far the weft thread is out of the plane of the warp threads. This difference in
the warp and weft planes is known as the crimp differential. As the crimpability of the weft monofilament increases, so
also does the crimp differential, in any given weave construction.
[0053] Examples of the crimp differentials observed in samples of double layer cloth having identical weave con-
struction, warp strands, mesh counts and heatsetting history for different weft strands is given in the table below.

[0054] This illustrates that PET-TPU monofilaments have very high crimpability compared to polyester, whereas
nylon has lower crimpability. The blended PET and TPU are the same as for Example E5, below.

Example Monofilament Composition % Length Change Dry to Wet % Length Change Wet to Dry

C1 100% Nylon-66 - 0.74 + 0.64
C2 100% PET - 0.07 + 0.07
C3 95% PET/5% TPU - 0.07 + 0.04
C4 85% PET/15% TPU - 0.10 + 0.10
C5 75% PET/25% TPU - 0.03 + 0.03
C6 65% PET/35% TPU - 0.07 + 0.04
C7 55% PET/45% TPU - 0.43 + 0.23

TPU: Texin 445D
PET: Dupont "Merge 1934", post-condensed to an IV of 1.02.

Example Weft Strand Crimp Differential (mm)

D1 0.30 mm PET .014
D2 0.30 mm PET alternating with 0.30 mm nylon .012
D3 0.30 mm 75% PET/25% TPU blend .017
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E. Mechanical Stability

[0055] The mechanical stability of a forming fabric is assessed by measuring its resistance to stretching and nar-
rowing.
[0056] A sample of cloth 25.4 mm long and 50 mm wide is mounted in an Instron (trade mark) tensile tester. The
load and elongation are recorded as the tension of the sample is increased from zero to 7.16 kg/cm. Stretch resistance
is derived by measuring the slope of the load-elongation curve. This defines the elastic modulus of the cloth, which for
forming fabrics is typically from about 1,100 to about 2,000 kg/cm.
[0057] Narrowing resistance is measured on the same sample, mounted in an Instron, except that the reduction in
width is accurately determined as the sample tension is increased from zero to 7.16 kg/cm. A narrowing resistance
factor is found by dividing the observed width change, expressed in percent, by the total increase in tension. Typical
narrowing resistance factors for forming fabrics are .005%/kg/cm to .050%/kg/crn.
[0058] Thus, optimum mechanical stability is reflected by high values of the elastic modulus and low values of the
narrowing resistance factor.
[0059] To assess the effect of weft materials on mechanical stability, three samples of a plain weave/plain weave
fabric, having rectangular warps of 0.11 by 0.19 mm, threaded at 25/cm in the upper weave, and rectangular warps of
0.19 by 0.38 mm, threaded at 12.5/cm in the bottom weave, were woven. Three different bottom layer wefts were
woven at identical mesh counts and the resulting samples were heat-set using identical conditions. The elastic moduli
and narrowing resistance factors of the three samples are given in the table below. The data for samples E1 and E2
shows that nylon has an adverse effect on the elastic modulus and narrowing resistance factor of the cloth.

[0060] This behaviour of nylon is partially overcome by using higher heatsetting tensions to force the nylon to higher
levels of permanent crimp, as example E3 illustrates. Note that the stretch resistance was improved by the higher heat
setting tension, but the narrowing resistance factor was relatively unaffected. The monofilaments comprising blends
of PET and TPU are inherently more crimpable, and give an improvement in mechanical stability. This is shown by the
data in the following table, which compares a fabric sample with 75% PET/25% TPU weft, woven and heat set identically
to the samples described above, with sample E1, containing a PET-only weft.

[0061] The PET is Dupont Merge 1934, post-condensed in the solid state, and the TPU was Texin 445D.

F. Chemical Resistance

[0062] In a papermaking environment forming fabrics can be subjected to periodic cleaning which often involves
harsh acidic conditions. This cleaning with strong acids has a deleterious effect on any nylon monofilaments in the
forming fabrics, thus reducing the life of the fabric and negating the enhanced abrasion resistance derived from the
presence of nylon in the fabric. Tests were conducted in which coils of nylon, polyester, and various PET/TPU blends
were immersed in 30% hydrochloric acid at 25° C for various times. The nylon completely dissolved after 17 hours
exposure, whereas the polyester and PET/TPU blends showed no detrimental effects after 222 hours exposure. This
indicates that PET/TPU blends have greatly superior resistance to harsh acid cleaning solutions than nylon.

G. Polyester Molecular Weight

[0063] To determine whether the molecular weight of the polyester used in the blends has any effect on the abrasion

Example Description Heatsetting Tension
kg/cm

Elastic Modulus kg/cm Narrowing Resistance
Factors kg/cm

E1 0.3 mm PET weft 5.37 1238 .015
E2 0.3 mm alternating

PET and nylon 66 weft
5.37 1091 .035

E3 0.3 mm alternating
PET and nylon 66 weft

6.26 1292 .032

Example Description Heatsetting Tension kg/
cm

Elastic Modulus kg/cm Narrowing Resistance
Factors kg/cm

E1 0.3 mm PET weft 5.37 1,238 .015
E5 0.3 mm PET/TPU weft 5.37 1,408 .012
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resistance of the monofilament, two monofilament blends were extruded under identical conditions with the same
polyurethane concentration, but with polyesters of different molecular weight, as measured by intrinsic viscosity (I.V.).
The abrasion resistance of the monofilaments was then measured in the sand slurry test and the results are given in
the following table:

[0064] From these figures it can be seen that when blended with TPU, the higher molecular weight PET provides a
filament with a slightly better abrasion resistance than that of the lower molecular weight PET. Both filaments have
significantly better abrasion resistance than the PET control monofilaments. Thus it appears that the molecular weight
of the PET is not the critical factor in determining the abrasion resistance of PET-TPU blend monofilaments.

H. Comparison of Ether-Based and Ester-Based TPU

[0065] To establish whether ester-based TPU gives any advantages over ether-based TPU from the standpoint of
abrasion resistance, a series of blends were extruded under identical conditions, using the same molecular weight
PET, having an I.V. of 1.02. The abrasion resistance of the monofilaments was then measured using the sand slurry
test. The results are given in the following table:

[0066] This data illustrates that for a given TPU concentration, the ester-based TPU gives better abrasion resistance
than ether-based TPU. The ester-based TPU used was Texin 445D, and the ether-based TPU was Texin 990A. The
PET was Dupont Merge 1934, which had been post-condensed in the solid state.

I. Monofilament Extrusion

[0067] To produce the monofilaments comprising blends of polyester and polyurethane, the polyester and poly-
urethane resin beads are first dried, then mechanically mixed and loaded into an extruder hopper, which feeds a single
screw extruder. The desired amount of stabilizer, if used, is also added, conveniently as a master batch or concentrate
in either the polyester or the polyurethane. The amount of polyester or polyurethane added with the stabilizer is taken
into account in determining component quantities. The melting and intimate mixing of the resin mixture takes place as
the screw conveys the molten mixture forward through a heated barrel at a temperature of about 275° C. The molten
polymer blend is conveyed to a metering pump which forces the mixture through a die to form monofilaments. The
extrusion temperature may range from 260° to 285° C, with the range 265° to 275° C being preferred.
[0068] After exiting the die, the monofilaments are quenched in a water bath to form solid filaments. These are drawn
at elevated temperatures of up to 100°C between a set of draw rolls to a draw ratio of from 3.0:1 to 4.5:1, and optionally
further drawn at a higher temperature of up to 250° C to a maximum draw ratio of 6.5:1 and allowed to relax up to
about 30% maximum whilst heated in a relaxing stage. The finished cooled monofilaments are then wound onto spools.
[0069] The monofilament of the present invention was produced according to the foregoing process. A typical ex-
ample is as follows.

Examples I1 and I2

[0070] A uniform mixture of pellets of 65% by weight of Dupont polyester resin Merge 1934, post-condensed in the

Example Strand Description I.V. % Weight Loss

G1 100% PET Control 1.02 2.8
G2 100% PET Control 0.65 3.1
G3 75% PET; 25% TPU 1.02* 1.9
G4 75% PET; 25% TPU 0.65* 2.1

* this is for the polyester used alone, not for the blends.

Example Monofilament Composition % Weight Loss

H1 100% PET Control 3.2
H2 80% PET + 20% Ether-based TPU 2.7
H3 70% PET + 30% Ether-based TPU 2.4
H4 80% PET + 20% Ester-based TPU 2.5
H5 70% PET + 30% Ester-based TPU 2.0
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solid state, to an I.V. of 1.05, and 35% by weight of Texin 445D thermoplastic polyurethane resin, having a Durometer
hardness of 45 on the D scale, were placed in the extruder hopper and extruded. The extrusion conditions, which are
not to be considered limiting, were:

[0071] The extruder die had eight .80mm holes. The final monofilament size was .30mm. The monofilament was
quenched in a water bath at a temperature of 66° C, positioned 2.0 cm under the die. The quenched monofilament
was drawn in a hot air oven at a temperature of 74° C with a draw ratio of 3.36, drawn further in a hot air oven at a
temperature of 230° C to a total draw ratio of 5.0 and allowed to relax 25% at a temperature of 280° C. The finished
monofilament was then taken up on spools for testing. In a similar second run, a similar monofilament was prepared
using 73% polyester, 26% polyurethane, and 1% stabilizer.
[0072] For comparative purposes; the polyester resin was extruded into a monofilament using the same extrusion
conditions described for the polyester-polyurethane blend. The physical properties of the three materials were tested
and the results are given below.

Claims

1. A melt extruded monofilament when used for the cross machine yarns of a forming fabric for a paper making
machine, the monofilament consisting essentially of a major portion by weight of a polyethylene terephthalate
polyester and a minor proportion by weight, of a thermoplastic polyurethane, e.g. up to 30% by weight of a ther-
moplastic polyurethane, together with from zero to 5% by weight of a hydrolysis stabilizer, characterised in that
said polyethylene terephthalate polyester is present in an amount from 60% to 90% by weight and has an intrinsic
viscosity between 0.5 and 1.20 when measured in a solvent comprising a 60:40 parts by weight mixture of phenol
and 1,1,2,2-tetrachloroethane at a temperature of 30°, and in that, in the blended monofilament, the polyurethane
used is present in an amount from less than 40% to 10% by weight and has a Durometer Type A hardness of no
greater than 95 or a Durometer Type D hardness of no greater than 75.

2. A monofilament according to claim 1 containing from about 20% to 35% by weight of polyurethane.

3. A monofilament according to claim 1 wherein the blend contains from about 0.3% to about 5% stabilizer.

4. A monofilament according to claim 1 wherein the blend does not contain stabilizer.

5. A monofilament in accordance with any one of the preceding claims 1 to 4 wherein the polyurethane is either an
ether-based or an ester-based thermoplastic polyurethane polymer.

6. A forming fabric for use in a papermaking machine, said fabric being woven from:

(a) at least one set of yarns woven in a first direction of the fabric and forming the machine direction yarns, and

(b) at least one set of cross machine yarns woven in a second direction of the fabric substantially at right
angles to the first direction said cross machine yarns including monofilament yarns in accordance with one or
more of claims 1 to 5.

First Heater Zone Temperature 260° C
Second Heater Zone Temperature 265 °C
Third Heater Zone Temperature 265° C
Extruder Die Temperature 265° C

Polyester l1 65% PET-35% TPU l2 73% PET -26% TPU - 1% Stabilizer

Tensile Strength kg/meter2 5.55 x 109 2.88 x 109 2.83 x 109

Tensile Elongation 55.7% 73.2% 62.0
Elastic Modulus kg/meter2 0.70 x 109 0.40 x 109 0.44 x 109

Shrinkage at 220°C 10.5% 7.9% 13.6
Abrasion Resistance * 3.2 1.8 1.8

* As measured by weight loss, according to the method previously described, %.
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7. A forming fabric according to claim 6 wherein the minor proportion of the monofilaments making up the face of the
forming fabric onto which the cellulose fiber pulp slurry is laid is polyethylene terephthalate blended with a ther-
moplastic polyurethane; and wherein a major proportion of the monofilaments making up the machine side of the
forming fabric is a blend of polyethylene terephthalate with a thermoplastic polyurethane.

8. A forming fabric according to claim 7 wherein the major proportion of the monofilaments making up the face of the
forming fabric onto which the cellulose fiber pulp slurry is laid is polyethylene terephthalate and the minor proportion
is polyethylene terephthalate blended with a thermoplastic polyurethane, and wherein the minor proportion of the
monofilaments making up the machine side of the forming fabric is polyethylene terephthalate, and the major
proportion is a blend of polyethylene terephthalate with a thermoplastic polyurethane.

9. A forming fabric according to claims 6 and 7 wherein the major proportion of the monofilaments which are a blend
of polyester and polyurethane are laid in the cross-machine direction of the fabric.

10. A forming fabric according to claims 6 and 7 wherein substantially all of the monofilaments which are a blend of
polyester and polyurethane are laid in the cross-machine direction of the fabric.

11. A multifilament yarn comprising a plurality of melt extruded monofilaments, wherein at least some of the monofil-
aments are melt extruded monofilaments as claimed in claim 1.

12. A staple fiber including at least a proportion of fibers comprising discrete lengths of melt extruded monofilaments
as claimed in claim 1.

13. A spun yarn, incorporating a staple fiber as claimed in claim 12.

14. A composite yarn comprising a mixture of multifilament yarns and staple fibers, wherein at least one multifilament
yarn comprises a plurality of melt extruded monofilaments, wherein at least some of the monofilaments are melt
extruded monofilaments as claimed in claim 1, and wherein at least one of the staple fibers includes at least a
proportion of discrete lengths of melt extruded monofilaments as claimed in claim 1.

Patentansprüche

1. Schmelzextrudierter Einzelfaden, bei Verwendung für die Quer-Maschinengarne eines Siebgewebes für eine Pa-
pierherstellungsmaschine, wobei der Einzelfaden im wesentlichen aus einem größeren Gewichtsanteil eines Po-
lyethylenterephthalatpolyesters und einem kleineren Gewichtsanteil eines thermoplastischen Polyurethans, z. B.
bis zu 30 Gew.-% eines thermoplastischen Polyurethans, zusammen mit 0 bis 5 Gew.-% eines Hydrolyse-Stabi-
lisators besteht, dadurch gekennzeichnet, daß dieser Polyethylenterephthalatpolyester in einer Menge von 60
Gew.-% bis 90 Gew.-% vorhanden ist und eine grundmolare Viskositätszahl zwischen 0,5 und 1,20 bei der Messung
in einem Lösungsmittel, das eine 60:40 Gewichtsteile-Mischung von Phenol und 1,1,2,2-Tetrachlorethan umfaßt,
bei einer Temperatur von 30°C hat, und daß in dem Mischungs-Einzelfaden das eingesetzte Polyurethan in einer
Menge von weniger als 40 Gew.-% bis 10 Gew.-% vorliegt und eine Durometer Typ A Härte von nicht größer als
95 oder eine Durometer Typ D Härte von nicht größer als 75 besitzt.

2. Einzelfaden nach Anspruch 1, enthaltend von etwa 20 Gew.-% bis 35 Gew.-% Polyurethan.

3. Einzelfaden nach Anspruch 1, worin die Mischung von etwa 0,3 % bis 5 % stabilisator enthält.

4. Einzelfaden nach Anspruch 1, worin die Mischung keinen Stabilisator enthält.

5. Einzelfaden nach einem der vorhergehenden Ansprüche 1 bis 4, worin das Polyurethan ein thermoplastisches
Polyurethanpolymeres entweder auf Etherbasis oder auf Esterbasis ist.

6. Siebgewebe zur Verwendung in einer Papierherstellungsmaschine, wobei dieses Gewebe gewebt ist aus:

(a) wenigstens einer Lage von in einer ersten Richtung des Gewebes gewebten Garnen, und die Garne in
Maschinenrichtung bildend, und
(b) wenigstens einer Lage von in einer zweiten Richtung des Gewebes im wesentlichen senkrecht zu der
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ersten Richtung gewebten Quer-Maschinengarnen, wobei diese Quer-Maschinengarne Einzelfädengarne ge-
mäß einem oder mehreren der Ansprüche 1 bis 5 einschließen.

7. Siebgewebe nach Anspruch 6, worin der kleinere Anteil der Einzelfäden, welche die Fläche des Siebgewebes,
auf das die Aufschlämmung aus Cellulosefaserpulpe aufgetragen wird, ausmachen, Polyethylenterephthalat, ge-
mischt mit einem thermoplastischen Polyurethan, ist, und worin ein größerer Anteil der Einzelfäden, welche die
Maschinenseite des Siebgewebes ausmachen, eine Mischung von Polyethylenterephthalat mit einem thermopla-
stischen Polyurethan ist.

8. Siebgewebe nach Anspruch 7, worin der größere Anteil der Einzelfäden, welche die Fläche des Siebgewebes,
auf das die Aufschlämmung aus Cellulosefaserpulpe aufgetragen wird, ausmachen, Polyethylenterephthalat ist,
und der kleinere Anteil Polyethylenterephthalat, gemischt mit einem thermoplastischen Polyurethan, ist, und worin
der kleinere Anteil der Einzelfäden, welche die Maschinenseite des Siebgewebes ausmachen, Polyethylenter-
ephthalat ist und der größere Anteil eine Mischung von Polyethylenterephthalat mit einem thermoplastischen Po-
lyurethan ist.

9. Siebgewebe nach den Ansprüchen 6 und 7, worin der größere Anteil der Einzelfäden, welche eine Mischung aus
Polyester und Polyurethan sind, in der Quer-Maschinenrichtung des Gewebes gelegt sind.

10. Siebgewebe nach den Ansprüchen 6 und 7, worin im wesentlichen alle Einzelfäden, welche eine Mischung von
Polyester und Polyurethan sind, in der Quer-Maschinenrichtung des Gewebes gelegt sind.

11. Garn aus Vielfachfäden, umfassend eine Vielzahl von schmelzextrudierten Einzelfäden, worin wenigstens einige
der Einzelfäden schmelzextrudierte Einzelfäden, wie in Anspruch 1 beansprucht, sind.

12. Stapelfaser, welche wenigstens einen Anteil von Fasern einschließt, die diskrete Längen von schmelzextrudierten
Einzelfäden, wie in Anspruch 1 beansprucht, umfassen.

13. Gesponnenes Garn, welches eine Stapelfaser, wie in Anspruch 12 beansprucht, in sich einschließt.

14. Verbundgarn, umfassend eine Mischung von Vielfachfädengarnen und Stapelfasern, worin wenigstens ein Viel-
fachfädengarn eine Vielzahl von schmelzextrudierten Einzelfäden umfaßt, worin wenigstens einige der Einzelfäden
schmelzextrudierte Einzelfäden, wie in Anspruch 1 beansprucht, sind, und worin wenigstens eine der Stapelfasern
wenigstens einen Anteil von diskreten Längen von schmelzextrudierten Einzelfäden, wie in Anspruch 1 bean-
sprucht, einschließt.

Revendications

1. Monofilament filé à chaud, utilisé pour les fils transversaux par rapport à la machine d'un tissu de formage pour
une machine de production de papier, ledit monofilament étant constitué essentiellement d'une proportion majeure
en poids d'un polyester de polyéthylène téréphtalate et d'une proportion mineure en poids d'un polyuréthane ther-
moplastique, par exemple jusqu'à 30% en poids d'un polyuréthane thermoplastique, ensemble avec 0 à 5% en
poids d'un stabilisateur d'hydrolyse, caractérisé en ce que ledit polyester de polyéthylène téréphtalate est présent
dans une quantité de 60 à 90% en poids et présente une viscosité intrinsèque entre 0,5 et 1,20, mesurée dans
un solvant qui comprend un mélange de 60:40 parties en poids de phénol et de 1,1,2,2-tétrachloroéthane à une
température de 30°C, et en ce que dans le monofilament mélangé, le polyuréthane utilisé est présent dans une
quantité de moins de 40% à 10% en poids et présente une dureté A qui n'est pas supérieure à 95, ou une dureté
D qui n'est pas supérieure à 75.

2. Monofilament selon la revendication 1, contenant environ 20% à 35% en poids de polyuréthane.

3. Monofilament selon la revendication 1, dans lequel le mélange contient environ 0,3% à environ 5% de stabilisateur.

4. Monofilament selon la revendication 1, dans lequel le mélange ne contient pas de stabilisateur.

5. Monofilament selon l'une quelconque des revendications précédentes 1 à 4, dans lequel le polyuréthane est un
polymère de polyuréthane thermoplastique soit à base d'éther soit à base d'ester.
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6. Tissu de formage destiné à être utilisé dans une machine de production de papier, ledit tissu étant tissé à partir de :

(a) au moins un groupe de fils tissés dans une première direction du tissu et formant les fils en direction de
la machine, et

(b) au moins un groupe de fils transversaux par rapport à la machine tissés dans une seconde direction du
tissu et sensiblement à angle droit par rapport à la première direction, lesdits fils comprenant des monofila-
ments selon l'une ou plusieurs des revendications 1 à 5.

7. Tissu de formage selon la revendication 6, dans lequel la proportion mineure des monofilaments qui constituent
la face du tissu de formage sur laquelle on verse la pâte de pulpe des fibres de cellulose est du polyéthylène
téréphtalate mélangé avec du polyuréthane thermoplastique ; et
dans lequel une proportion majeure des monofilaments qui constituent le côté machine du tissu de formage est
un mélange de polyéthylène téréphtalate avec un polyuréthane thermoplastique.

8. Tissu de formage selon la revendication 7, dans lequel la proportion majeure des monofilaments qui constituent
la face du tissu de formage sur laquelle on verse la pâte de pulpe des fibres de cellulose est du polyéthylène
téréphtalate, et la proportion mineure est du polyéthylène téréphtalate mélangé avec un polyuréthane thermoplas-
tique, et dans lequel la proportion mineure des monofilaments qui constituent le côté machine du tissu de formage
est du polyéthylène téréphtalate, et la proportion majeure est un mélange de polyéthylène téréphtalate avec un
polyuréthane thermoplastique.

9. Tissu de formage selon les revendications 6 et 7, dans lequel la proportion majeure des monofilaments qui sont
un mélange de polyester et de polyuréthane est disposée dans la direction du tissu transversale par rapport à la
machine.

10. Tissu de formage selon les revendications 6 et 7, dans lequel sensiblement tous les monofilaments qui sont un
mélange de polyester et de polyuréthane sont disposés dans la direction du tissu transversale par rapport à la
machine.

11. Fil à filaments multiples comprenant une pluralité de filaments filés à chaud, dans lequel au moins un certain
nombre des monofilaments sont des monofilaments filés à chaud tels que revendiqués à la revendication 1.

12. Brin de fibre comprenant au moins une proportion de fibres comprenant des longueurs discrètes de monofilaments
filés à chaud tels que revendiqués à la revendication 1.

13. Fil de filature, qui comprend un brin de fibre tel que revendiqué à la revendication 12.

14. Fil composite comprenant un mélange de fils à filaments multiples et de brins de fibres, dans lequel au moins un
fil à filaments multiples comprend une pluralité de monofilaments filés à chaud, dans lequel au moins un certain
nombre des monofilaments sont des monofilaments filés à chaud selon la revendication 1, et dans lequel au moins
un des tronçons de fibres comprend au moins une proportion de longueurs discrètes de monofilaments filés à
chaud selon la revendication 1.
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