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ABSTRACT

A papermaker’s fabric for use as a forming fabric. The fabric may include
bondable or meltable monofilament yarns which may be formed from materials
that retain  substantial  strength and  tenacity after thermal treatment.
Further, the remaining yams 1n the forming fabric may be formed from
materials that have a higher melting temperature than the monofilament
material that will be thermally bonded or melted. When the fabric is heated, these bondable
or meltable yarns may bond or fuse with yarns in contact therewith or in close proximity
thereto without effecting the remaining yarns. Doing so may improve seam strenth,
eleminate edge curl, improve sheet formation, improve planarity, improve dimensional
stability, and reduce fabric sleaze in all types of fabric, including triple layer fabrics. Such
triple layer fabrics may also have improved surface planarity and lower water carrying

capacity.
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FORMING FABRICS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the papermaking arts. More specitically,
the present invention relates to fabrics, such as forming fabrics, for use with a

papermaking machine.

2. Description of the Prior Art

During the papermaking process, a cellulosic fibrous web is formed by
depositing a fibrous slurry, that is, an aqueous dispersion of cellulose fibers, onto a
moving forming fabric in the forming section of a paper machine. A large amount
of water is drained from the slurry through the forming fabric, leaving the
cellulosic fibrous web on the surface of the forming fabric.

The newly formed cellulosic fibrous web proceeds from the forming section
to a press section, which includes a series of press nips. The cellulosic fibrous web
passes through the press nips supported by a press fabric, or, as is often the case,
between two such press fabrics. In the press nips, the cellulosic fibrous web 1s
subjected to compressive forces which squeeze water therefrom, and which adhere
the cellulosic fibers in the web to one another to turn the cellulosic fibrous web into
a paper sheet. The water is accepted by the press fabric or fabrics and, ideally, does
not return to the paper sheet.

The paper sheet finally proceeds to a dryer section, which includes at least
one series of rotatable dryer drums or cylinders, which are internally heated by
steam. The newly formed paper sheet is directed in a serpentine path sequentially
around each in the series of drums by a dryer fabric, which holds the paper sheet
closely against the surfaces of the drums. The heated drums reduce the water

content of the paper sheet to a desirable level through evaporation.
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It should be appreciated that the forming, press and dryer fabrics all take the
form of endless loops on the paper machine and function in the manner of
conveyors It should ﬁlrther be appreciated that paper manufacture is a continuous
Process, which proceeds at considerable speeds. That is to say, the fibrous slurry is
continuously deposited onto the forming fabric in the forming section, while a
newly manufactured pap er sheet 1s continuously wound onto rolls-after it exits from
the dryer section.

Among others, the properties of surface smoothness, absorbency, strength,
softness, and aesthetic appearance are important for many products when used for
their intended purpose. |

Woven fabncs take many different forms. For example they may be woven
endless or ﬂat woven and subsequently rendered into endless form with a seam.
| The present lnventron relates spe01ﬁc ally to the forming fabncs used 1n the
formmg section. Formmg fabrlcs Pplay a critical role dunng the paper
manufactunng process. One ot their functions, as implied above, 1s to form and
convey the paper product being manufactured to the press section or next
papermaking op eration. |

The upper surface of the forming fabric, to which the cellulosic fibrous web
is applied, should be as smooth as possible in order to assure the formation of a |
smooth, unmarked sheet. Quality requirements for forming require a high level of
uniformity to prevent ObJ ectlonable drainage marks.

Of equal 1mportance however, forming fabrics also need to address water

removal and sheet formatlon issues. That 1s, forming fabrrcs are de31gned to allow

| Water to pass through (1 e. control the rate of drainage) Whlle at the same time

prevent ﬁber and other sohds from passing through with the water If drainage

- occurs too rapldly or too slowly, the sheet quality and machine efﬁcrency suffers.

To control dramage the space within the forming fabric for the Water to drain,
commonly referred to as void volume, must be properly desi gned
- Contemporary formmg fabrics are produced in a wide varlety of styles

designed to meet the requirements of the paper machines on which they are
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installed for the paper grades being manufactured. Generally, they comprise a base

fabric that fllay be wbizen from monofilament yams and may be single-layered or

multi-layered. The yarns are typically extruded from any one of several synthetic
polymeric resins, such as polyamide and polyester resins, metal or other material
suitable for this purp;)se and known by those of ordinary skill in the paper machine
clothing arts.

Those skilled in the art will.appreciate that most forming fabrics are created
by' flat weaving, and having a weave pattern which repeats in both the warp or
machine direction (MD) and the weft or cross-machine direction (CD).

| The design of forming fabrics typically involves a compromise between the
desired fiber support and fabric stability. A fine fabric having small diameter yarns
and a h1 gh numb erofyarns in both the MD and CD directions i;lay provide the
giéfsir,ed paﬁér surface and fiber support properties, but such 2 d__ési'_gn may lack the -
dééifcd stabilify and Wear resistance resulting in a shorter useful fabric life. By
contrast, a coarse fabric having larger diameter yarns and fewer of them may
provide stability and wear resistance for long service life at the expense of fiber
support and the potential for marking. To minimize the design tradeott and
optimize both support and stability, multi-layer fabrics were developed. For
é‘xample, in double and triple layer fabrics, the forming side is designed for fiber
support while the wear side is designed for strength, stability, drainage, and wear
resistance. |

: - Many fabrics °fod§a;y, especially triple layer fabrics, coinprisé two separate
fabrics (two cqmpleté weave patterns) which are held to gethér by either MD or CD
b’inder yarns as part of thé weaving process. They therefore fall into the class of
“laminated” fabrics. | "

However, a shortcoming of laminated fabrics is the relative slippage
between the layers of the fabric. This slippage and relative fabric movement
ultimately may lead to fabric delamination . Specifically, triple layer fabrics may
have a top and bottom layer which may be held together by binder yarns. The top

fabric layer may be a plain weave structure, which is designed for optimal paper
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sheet formation and fabric'.support. The bottom fabric layer may be designed for
wear resistance and may be woven with long floats in which the weft monofilament
travels under three or more warp monofilaments. These long floats may be used as
an anti-abrasive wear surface. The binder yarn monofilament may be a wett
monofilament that mechanically holds the top and bottom fabric layers together by
traveling over at least one warp monofilament 1n the top fabric layer and under at
least one warp monofilament in the bottom fabric layer. Under running conditions
on the paper machine, the bottom and top fabric layers move relative to each other.

This relative movement may lead to fatigue and wear of the binder monofilament

due to repeated deflection back and forth within the structure. Eventually, the

binder monofilament may fail and allow the top and bottom fabrics to separate
(delaminate) from eaéh other.

- Further, the lémination of the fabric should not interfere with dramage of
tﬁe structure such that thc sheet of paper formed on the structure has an undesirable
mark.

In addition, forming fabrics, especially thin fabrics, may also be prone to
wrinkling or folding. Wrinkling or folding may be due to high “sleaziness” of
fabric construction.aHi gh sleaziness means that the fabric does not have the
necessary dimensional stability or CD stiffness to remain flat during operation.

| In addition, thin fabrics with very fine MD yarns may have lower seam
sftrength than fabrics with larger diameter yarns. Low seam strength can cause
fabrics to prematurely tear during operation.

The present invention provides a fabric with meltable yarns. Such yarns
have a melting point lower than the remaining yarns in the fabric. As a result,
when the fabric is heated, meltable yarns melt without effectin‘g the remaining
yarns and may bond or fuse with yarns in contact therewith or in close proximity

thereto. For example, meltable yarns may be formed from MXD6. A

- monofilament yarn formed from MXD6 is able to maintain its integrity even when

the outer surface of the yarn melts. These bonded or meltable yaxﬁs may improve

seam strength, eliminate edge curl, improve sheet formation, improve planarity,
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improve dimensional stability and reduce fabric sleaze 1 all types of fabric,
including triple layer fabrics. Such triple layer fabrics may also have improved

surface planarity and lower water carrying capacity.

SUMMARY OF THE INVENTION

Accordingly, the present invention is a fabric which may be usable 1n the
forming, as well as, the apressing and/or drying sections of a papermaking machine.

In its broadest form, the fabric may comprise meltable monofilament yarns
which may be bonded or fused with other yarns. The meltable monofilament yarns
may be formed from materials that retain substantial strength, tensile and other

basic properties after.thermal treatment. Further, the remaining yarns in the

forming fabric may be formed from materials that have a higher melting point

temperature than the meltable monofilament material.

According to an embodiment of the present mmvention, a fabric is provided
which comprises a first layer having a plurality of machine direction (MD) yarns
and cross-direction (CD) yarns and a second layer having a plurality of MD and
CD yarns. The MD yarns and the CD yarns in the first layer aﬁd the second layer
are monofilament yarns. A group of yarns including ét least some of the CD yarns
of the first layer and at least some of the CD yarns of the second iayer have a first
melting point temperature and the remaining yarns have one or more melting point

temperatures each higher than the first melting point temperature. The fabric is

‘heated to a predetermined temperature which is at least equal to the first melting

~ pomt temperature yet lower than each of the one or more melting point

temperatures of the remaining yarns. The CD yarns of the first layer of the group

and the CD yarns of the second layer of the group which are in contact with each

other or 1n close proximity to each other and which have a first melting point
temperature prior to being heated, bond with each other after being heated to the

predetermined temperature. Further, the diameter and count of the CD yarns in

the first layer and the second layer may be larger than the diameter and count of the
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MD yarns in the first layer and the second layer to increase the probability of
bonding.

~ In accordance with another embodiment of the present invention, a fabric is
provided comprising a first layer having a plﬁrality of MD and CD yarns; a second
layer having a plurality of MD and CD yarns and a plurality of binder yamns
binding the MD yarns of the first layer and the MD yarns of the second layer or the
CD vyarns of the first layer and the CD yarns of the second layer. The MD and CD

yarns 1n the first layer and the second layer and the binder yarns are monofilament

~yamns. A group of the yarns have a first melting point temperature and the

remaining yarns have one or more melting point temperatures each higher than said
first melting point temperature. The fabric 1s heated to a predetermined
temperature which is at least equal to the first melting point temperature yet lower

than each of the one or more melting point temperatures of the remaining yarns.

- The adjacent yarns of the group which are i contact with each other or n close

proximity to each other and which have a first melting point temperature prior

to being heated, bond with each other after being heated to the predetermined

temperature.

In accordance with another embodiment of the present invention, a fabric 1s
provided comprising a first layer of CD yarns, a second layer of CD yarns, and a
plurality of MD yarns binding the CD yarns of the first layer and the second layer.
The CD yarns 1 the first layer may be 1n a vertically stacked relationship with the
CD yarns 1n the second Itayer, thereby forming stacked pairs. The present mvention
may also mclude a third layer of CD monofilament yarns between the first layer

and the second layer of CD yarns and interwoven with the plurality of MD yarns.

' Further, the third layer of CD yarns may be in a vertically stacked relationship with

the CD yarns 1n the first layer and the second layer to form a triple stacked shute
(TSS) double layer fabric. The MD yarns and the CD yarns of the first, second and
thjrd layers are monofilament yarns. At least some of the CD yarns of the first,
second and third layers are 1n a vertically stacked relationship with each other, and

have a first melting point temperature, and the MD yarns have one or more melting
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point temperatures each higher than the first melting point temperature. The fabric
is heated to a predetermned temperature which 1s at least equal to the first melting
point temperature yet lower than each of the one or more melting point
temperatures of the MD yarns so that the CD yarns bond together after thermal
treatment.

In accordance with another embodiment of the present invention, a fabric is
provided comprising a plurality of MD yarns and CD yarns interwoven in a m-shed

repeat pattern, wherein m > 2, and a plurality ot MD reinforcing (MDR) yarns each

‘having a n-shed repeat pattern, wherein n > 2, and the MDR yarns form knuckles

with one CD yamn per repeat. The MD and CD yarns, and the MDR yarns are

monofilament yarns At least some of the MDR yarns and at least some of the CD

yarns have a first melting point temperature and the MD yarns have one or more

- melting point temperatures each higher than the first melting point temperature.

The fabric 1s heated to a predetermined temperature which is at least equal to the
first melting point temperature yet lower than each of the one or more melting point

temperatures of the MD yarns. The MDR yarns which are in contact with or in
close proximity to the CD yarns and which have a first melting point
témperature prior to being heated, bond to the CD yarns after being heated to the
predetermined temperature.

In accordance with another embodiment of the present invention, a fabric 1s
provided comprising a first layer having a plurality of MD and CD yarns, a second
layer having a plurality of MD and CD yarns, and a plurality of binder yarns
binding the MD varns of the first layer and the MD yarns of the second layer or the
CD yarns of the first layer and the CD yarns of the second layer. The MD yarns
and the CD yarns in the first layer and the second layer and the binder yarns are
monofilament yarns; and the binder yarns are formed from MXD®6.

It should be hoted that while mention is made of heating the fabric, or the
fabric is heated, this is meant to include heating the entire fabric, a portion or

portions thereof or localized heating at selected points by, for example, laser,

‘ultrasound or other means suitable for that purpose.
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The present invention will now be described in more complete detail with
reference being made to the figures wherein like reference numerals denote like

elements and parts, which are identified below.

BRIEF DESCRIPTION OF THE FIGURES

F1G. 1 1s a cross-sectional view of a laminated fabric in accordance with an
embodiment of the i)resent invention;

FIG. 2 1s a cross-sectional view of a triple ldyer fabric in accordance with an
embodiment of the present invention;

FIG. 3 1s a cross-sectional view of a triple stack shute fabric in accordance
with an embodiment of the present invention; and

FIGS. 4A and 4B are paper side and wear side views of a modified thin

triple layer fabric i accordance with an embodiment of the present invention.

DETAILED °DESCRIPTION OF THE PREFERRED EMBODIMENTS

The presenf invention relates to a fabric which may be usable i the forming
section of a papermaking machine. An embodiment of the present invention will
be described in the context of a laminated forming fabric. However, 1t should be
noted that the invention is not limited thereto but may be applicable to other fabrics
such as forming fabrics having a single layer, single layer support shute, double
layer, double layer support shute, triple stacked shute, triple layer with paired weft
or warp binders, warp bound triple layer, shute bound triple layer or combined
warp/shute bound triple layer.

Such a laminated fabric may include a first (upper) layer and a second
(lower) layer in which each of the first and second layers has a system or plurality
of interwoven machine-direction (MD) yarns and cross-machine direction (CD)
yéms. The first layer may be a paper side or faceside layer upon which the
cellulosic papet/fiber slurry 1s deposited during the papermaking process and the
second layer may be a machine side or wear side layer. Either or both of these

layers can be woven as a single layer weave or as a multiplayer weave.



10

15

20

25

30

CA 02587008 2007-05-07

WO 2006/052689 PCT/US2005/039860

Current state of the art, or industry knowledge, regards shlgle-layer fabrics
as having one warp, or machine direction, system and one weft, or cross-machine
direction, system. Two-layer fabrics consist of one warp system, and two or more
weft systems that alone comprise independent forming and wear sides. Three-layer
fabrics have been commonly accepted as having at least two different warp
systems, and at least two different weft systems with independent forming and wear
sides. Note that the terms “weft”, “CD yarns” and shute are interchangeable in thlS
context. Similarly, the terms “warp” and “MD yarns” are interchangeable.

Fig. 1 1s a cross-sectional view of laminated fabric 10 in accordance with an
embodiment of the present invention. More specifically, Fig. 1 is the cross-
sectional view of a part of fabric 10 taken along the cross-machine direction, .'
including a first (paper side) layer 12 and a second (machine side) layer 14. First
layer 12 has a plurality of interwoven CD yarns 16 and MD yarns 18 forming
knuckles 19 at cross-over points, and second layer 14 has a plﬁrality of interwoven
CD yarns 20 and MD yarns 22 forming knuckles 21 at cross-over points.

At least some of the CD yarns 16 and 20 may be bondable or meltable
monofilament yarns formed from the same polymer having a first melting point
temperature. The remaining yarns 1n the fabric may be formed from materials
having a higher melting temperature than the monofilament material. The fabric
may then be heated to the first melting point temperature so that CD yarns 16 and
20 partially melt and bond to each other. The bondable monofilament yarns may

be formed from a material that retains substantial strength and elasticity after

| °melting. The bonded yarns in the structure may be strong and will prevent first

layer 12 and second layer 14 from delaminating from each ofher.

Thermally treating monofilaments yarns formed from the same polymer
may feqilire a specific combination of temperature, time and tension in order for the
yarns to retain substantial strength and tenacity after bonding. Exceeding the |
temperature range, time, or failing to maintain the proper tension for a particular
monofilament polymer may result in either complete melting or substantial loss of

mechanical characteristics of the monofilament yarn. Table 1 lists a general time



10

15

20

25

WO 2006/052689

CA 02587008 2007-05-07
PCT/US2005/039860

and temperature range that may be used for thermal bonding or partially melting

yarns of the present mnvention:

Table 1
Polymer type | Temperature (°C) | Tension (cN/dtex) | Time (seconds) |
MXD6 230-234 | .07-.25 60-180
Nylon, 6, 10 221-224 07-.25 60-180 |
| Nylon, 6, 12 212-214 .07-.25 | 60-180 |
Polyethylene 240-256 .06-.22 60-180
terephthalate
|(PET) I

The melting point temperature for a material may be a value within the full

temperature range of its melting endotherm, which may determined by a

Differential Scanning Calorimeter (DSC) scan measured at a predetermined

scanning rate. The DSC scan may provide a measure of the rate of heat evolution

or absorption of a specimen which 1s undergoing a programmed temperature

.change. Typically, in a DSC scan, data may be plotted as heat flux or heat tlow, -

versus temperature. The scanning rate may be, for example, 20°C per minute.
Thus, the melting point temperature for PET may have a value from 240°C to
256°C. Furthermore, and as noted above, a specific combination of temperature,
time and tension may be needed to form an acceptable bond.

CD monofilament yamms 16 and 20 may be formed from MXD6. MXD6
may be formed by the polycondensatidn of meta-xylylene diamine and adipic acid.

The MXD6 polymer may be available from Mitsubishi Gas Chemical Co., Inc. and

-~ Solvay Advanced Polymers, L.L.C.

Other suitable monofilament yarns may be formed from one of polyester,

‘polyamide (PA) or other polymeric materials known to those skilled in the art of

papermaking, such as polyamide 6,12 and polyamide 6,10. As is appreciated, other

- polymers may be used for the CD monofilament yarns in first layer 12 and 1n the

second layer 14 PA or a combination of polyethylene ferephthalate (PET) and PA
suitable for this purpose.
The remaining yarns in the forming fabric may be formed from materials

that do not thermally bond or melt at the bonding temperature, 1.e., made from

10
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materials that have a higher melting point temperature than the melting point
temperature of the monofilament material that will be thermally bonded, fused or
melted. For example, polyethylene naphthalate (PEN) monofilaments may have a
melting point temperature of 275°C. Also, PET may have a melting point
temperature of 256°C. Thus, the melting ﬁoint temperature of polymers, such as
PEN and PET may be suitable for the remaining MD monofilament yarns in fabric
10.

The thermal treatment temperature may be between 230°C and 234°C tor
MXD6 monofilaments, as listed in Table 1. This temperature is well below the
m.elting temperature for PEN or PET monofilament yarns. As a result, the warp
monofilament yarn formed from PEN or PET may be unaffected during thermal
treatment. PEN or PET may be suitable for warp yarns because these materials
have a high modulus of elasticity, which may provide fabric 10 with high
dimensional stability. In addition, during thermal treatment, a portion ot the
machine direction crimp in the PEN monofilaments may be reduced or eliminated.
As the monofilament formed from MXD6 partially melts, the PEN monofilament
elongates and crimp angles in the warp monofilament may be reduced, resulting in
higher fabric modulus, and dimensional stability.

As shown in Fig. 1, CD monofilament yarns 16 and 20 may be bonded to
each other after thermal treatment at bonding locations 23. In the fabric 10, all of
the CD monofilament yarns 16 and 20 méy be bonded to each other after thermal -
treatment. Alternatively, less than all of these CD yarns (such as every second,
third or nth yarn) may be bonded to each other.

Bonding of these yarns depends upon the probability that knuckles,
overlaps, or cross-over points between CD and MD yarns, formed within the first
layer 12 and seéond layer 14 align. This probability may be increased or decreased
by the weave patterns 1n first layer 12 and second layer 14. Here, first layer 14 may
be in a plain weave pattern. This weave pattern provides many contact points
which may increase the probability of bonding. In addition, second layer 16 may

be in a 5 shed weave pattern for increasing wear resistance as mentioned above.

11
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Other weave patterns such as a 4-shed design are possible for the bottom layer. As
is appreciated, other possible weave patterns would be apparent to those of skill i
the art. The present invention eliminated the need for binder yarns to secure the
first and second layers.

Further, the diameter of CD yarns 16 may be larger than the diameter of
MD varns 18 to further increase the probability and accessibility for thermal
bonding to occur. Likewise, CD yarns 20 may also have a larger diameter than MD
yarns 22. Notably, the lafger size diameter may also create a plane difference n
the second or wear layer resulting in increased resistance to abrasion.

The laminated forming fabrics of the present invention may be formed by
weaving the first layer and the second layer on two independent looms. After
weaving, each layer may be independently heat set at a temperature well below the
melting temperature of the lowest melting yarn in the fabric. After heat setting,
each layer may be independently seamed by any manner knowﬁ to those so skilled
in the art. For example, the loop length for both layers may be set such that the loop
of the second layer easily fits within the loop of the first layer. This fit may be snug
to avoid the need of stretching either of the first layer or the second layer so that the
first layer 1s within the second layer.

After the two layers are fitted together, the two layer construction may be
subjected to a thermal treatment sufficient to partially melt the bondable
monofilaments that may be aligned between the first layer and the second layer.
Bonding may be accomplished such that a substantial portion of the strength of the
monofilament is retained, while also achieving an effective thermal bond. If
excessive melting or loss of structural integrity of the weft monofilament were to
occur, then at least some of the monofilaments yarns or a portion of the
monofilament material may be replaced with a higher melting monofilament
material, such as PET. The higher melting monofilament material may maintain
the integrity of the woven structure while also achieving thermal bonds with the
remaining meltable monofilaments that are positioned for this purpose. After

bonding, the product may be trimmed to size with finished edges. Asis

12
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appreclated, other methods of forming the fabric may be apparent to those skilled
in the art.

Fig. 2 1s a cross section of triple layer fabric 30 in accordance with another
embodiment of the present invention. More specifically, Fig. 2 is a cross-sectional

view of a part of fabric 30 taken along the cross-machine direction, which includes

a first (paper side) layer 32 and a second (machine silde) layer 34. First layer 32 has
- a plurality of interwoven CD yarns 36 and MD yarns 38 and second layer 34 has a

plurality of interwoven CD yarns 40 and MD yarns 42. Further, fabric 30 includes
binder yarns 44 mterwoven with first layer 32 and second layer 34 in the cross-
machine direction. Alternatively, binder yarns 44 may be in the machine direction
and/or may be formed of pairs of binder yarns. As is appreciated, the yarns in
forming fabric 30 may have different diameters, sizes, or shapes that would be
apparent to those so skilled in the art. Fabric 30 further comprises a group of

bondable or meltable monofilament yarns having a melting point temperature lower

than the melting point temperature or temperatures of the remaining yarns.

For example, some of the CD monofilament yarns 36 and MD

monofilament yarns 38 of first layer 32 may be bondable yarns having a first

melting point temperature. These bondable yarns may be formed.from MXD6. All

of the remaining yarns in the forming fabric may be formed from materials that do

not melt at the first melting point temperature, but may have a higher melting point

temperature, such that of PEN and PET. PEN may be used as the material forming
MD yarns 40 and PET or polyamide may be used as the material forming the CD
yarns 42 and binder yarns 44. Accordingly, during thermal treatment CD
monofilament yams 36 and MD monofilament yarns 38 of first layer 32 partially

~ melt and bond to each other. The bondable monofilament yarns may be formed

from a material that retains substantial strength and elasticity after melting.
Alternatively, only the CD monofilament yarns 36 in first layer 32 may be

formed of meltable yarns, e.g. MXD6. The remaining yarns may be formed of

PEN, PET or hi gher melting polyamde.
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Thus, at least some of the CD or CD and MD yarns in the first layer may be
meltable and/or bondable yarns. Additionally, at least some of the CD and/or MD
yarns in the second layer may be meltable and/or bondable yarns.

Further, binder yarn 44 of fabric 30 may be formed from a material having a
first melting point temperature. Binder yarn 44 may be heated to the first melting
point temperature so as to distort its shape. Binder yarn 44 may then be less
prominent 1n the paper side of fabric 30, thus reducing sheet marking.

FIG. 3 1s a cross-sectional view of a portion of fabric 50 including first
(top) layer 52 of CD yarns 54, a second (middle) layer 56 of CD yarns 58, a third
(bottom) layer 60 of CD yarns 62, and a system of MD yarns 64 interwoven with
the top, middle and bottom layers. CD yarns 54, 58 and 62 are in a vertically
stacked relationship and may be formed from materials having, a first melting point
temperature while the remaining yarns are selected from a material with a melting
point temperature higher than the first melting point temperature. Thermally
treating or heating the fabric 50 to the first melting point temperature partially
melts at least some of CD yarns 54, 58, and 62 which may lead to increased cross-
machine direction stiffness and resistance to edge curl. Further, bonding may also
lead to reduced fabric caliper since yarns may flatten or may partially melt at crossover
points and be more "planar" thereby reducing the void volume in the structure.

Bondable or meltable yarns of the present invention may also be used in a
modified thin triple layer fabric (modified warp-reinforced woven fabric) as
provided in U.S. Patent No 6,227,255. FIGS. 4a
and 4b are the paper side and wear side views of fabric 70 in accordance with

another embodiment of the present invention. thin triple layer fabric 70 provides
MD monofilament yarns 72 and CD monofilament yarns 74 in an m-shed repeat
pattern, wherein m =2, and MD reinforcing (MDR) yarns 76. MDR yarns 76
interweaves between CD monofilament yarns 74 in an n-shed repeat pattern,

wherein n =2, and preferably n =5 and MDR yarns 72 form knuckles with one CD
yarn per repeat. (It should be noted that m and n may or may not have the same

value.). MD monofilament yarn 72 may be formed from PEN while the CD

14



10

15

20

25

30

CA 02587008 2007-05-07

WO 2006/052689 PCT/US2005/039860

monofilament yarns 74 may be formed from bonded or meltable yarns, such as
MXD6. The MDR yarns 76 may be formed from the same polymer as CD
monofilament yarns 74, in this case MXD6. Bonding may occur at knuckles
formed at crossover points 78 between MDR yarns 76 and CD monofilaments 74,
as shown in FIG. 4a. While FIG. 4a 1llustrates crossover points 78, bonding may
also occur where MD reinforcing yarns 76 pass below CD monofilament yarns at
crossover points 80 as shown in Fig. 4b.

Bonding like polymers may provide strong bonds and may prevent
delamination in a laminated forming fabric. In addition, thermal bonding yarns of
like material may provide a means to stiffen structures such that they may resist

distortion. Thus, dimensional stability may be increased and edge curl may be

" reduced.

Further, the bondable or meltable polymers retain a substantial portion of

the original strength of the monofilaments after thermal bonding, thus maintaining

- high modulus of elasticity and dimensional stability.

Also, the fabrics of the present invention may have improved seam strength.
Thénnal bonds between top warps and top shutes are stronger than the frictional
forces associated with the yarns holding the fabric seam. For example, shutes and
warps may be formed from the same ﬁaterial with these shutes and warps being
thermally bonded together. In another example, only the surface of the shutes may
be formed from a material which, during thermal treatment melts and deforms. The
deformation of the surface in these thermally treated monofilaments results in the
shute being in more intimate contact with the warps such that the warps are subject

to increased mechanical locking versus the mechanical locking (as a result of crimp

only) that occurs in conventional forming fabric seams.

Accordingly, the fabrics of the present invention may improve seam

~ strength, eliminate edge curl, improve sheet formation, improve dimensional

stability and reduce fabric sleaze.

“Although, the yarns formed from MXD6 have been described as bondable

or meltable, the invention 1s not so limited. Yarns formed from MXD6 may be
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used in the present invention without bonding or melting. Specifically, MXD6
monofilament yarns may be used to form binder yarns in a laminated fabric, for
example, a triple layer fabric. More specifically, it has been found that MXD6
monofilaments may have good wet to dry dimensional stability, like polyester and
good abrasion resistance like polyamide. ,

Further, the use of MXD6 as the constituent of monofilament yarns will
have good shrinkage, shrink force, good abrasion resistance and modulus of
elasticity resulting in improved fabric wear and curl properties.

Thus the present invention its objects and advantages are realized, and
although preferred embodiments have been disclosed and described in detail herein,
its scope and objects should not be limited thereby; rather its scope should be

determined by that of the appended claims.
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WE CLAIM:
1. A papermaker's fabric for use as a forming fabric comprising:

a first layer having a plurality of machine direction (MD) yarns and cross-
machine direction (CD) yarns;

a second layer having a plurality of MD yarns and CD yarns;

a plurality of binder yarns binding said MD yarns of said first layer and said
MD yarns of said second layer or said CD yarns of said first layer and said CD
yarns of said second layer;

wherein said MD and CD yarns 1n said first layer and said second layer and
the binder ;yarns are monofilament yarns;

wherein a group of said yarns have a first melting point temperature and the
remaining yarns have one or more melting point temperatures each higher than said

first melting point temperature; and

wherein said fabric 1s heated to a predetermined temperature which i1s at
least equal to said first melting point temperature yet lower than. each of said one or

more melting point temperatures of the remaining yarns.

2. The papermaker's fabric according to claim 1, wherein adjacent ones of
said yarns of said group which are in contact with each other or in close

proximity to each other prior to being heated, bond with each other after being

heated to said predetermined temperature.

3. The papermaker's fabric according to claim 2, wherein said yarns of said

group are formed from MXD6, which is formed by the polycondensation of meta-xylylene

diamine and adipic acid.

4. The papermaker's fabric according to claim 3, wherein said group

includes said MD yarns and said CD yarns of said first layer.
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5. The papermaker's fabric according to claim 4, wherein said binder yarns
are formed from polyethylene terephthalate (PET), said MD yarns of said second
layer are formed from polyethylene naphthalate (PEN), and said CD yarns of said

second layer are formed from PET or polyamide (PA) or a combination of PET

and PA.

6. The papermaker's fabric according to claim 3, wherein said first melting
point temperature has a value in the range of approximately 230°C to 234°C, and
wherein said fabric 1s heated for a predetermined time which 1s in the range of

approximately 60 to 180 seconds.

7. The papermaker's fabric according to claim 6, wherein said yarns are

placed in tension having a value in the range of approximately 0.07 to 0.25 cN/dtex

when said fabric 1s heated.

8. The papermaker's fabric according to claim 1, wherein said yarns of said
group which are in contact with or in close proximity to the remaining yarns

prior to being heated fuse with each other after being heated.

9. The papermaker's fabric according to claim 8, wherein said yarns of said

group are formed from MXD6, which 1s formed by the polycondensation of meta-xylylene

diamine and adipic acid.

10.  The papermaker's fabric according to claim 9, wherein said group of

yarns include only said binder yarns.

11. The papermaker's fabric according to claim 9, wherein said group of

yarns include only said CD monofilament yamns of said first layer.

18



CA 02587008 2013-01-30

. Application No. 2,587,008 , Attorney Docket No. 17648-150

12. A papermaker's fabric for use as a forming fabric comprising:

a first layer having a plurality of machine direction (MD) yamns and cross-
machine direction (CD) yarns;

a second layer having a plurality of MD yarns and CD yarns;

5 a plurality of binder yarns binding said MD yarns of said first layer and said
MD yarns of said second layer or said CD yarns of said first layer and said CD
yarns of said second layer;

wherein said MD yarns and said CD yarns 1n said first layer and said second
layer and said binder yarns are monofilament yarns; and

10 wherein said binder yarns are formed from MXD6, which 1s formed by the

polycondensation of meta-xylylene diamine and adipic acid.

13. A method of manufacturing a papermaker's fabric for use as a forming
fabric comprising the steps of:
15 weaving a first layer having a plurality of machine direction (MD) yarns
and cross-machine direction (CD) yarns;
weaving a second layer having a plurality ofMD yarns and CD yarns;
weaving a plurality of binder yarns binding said MD yarns of said first layer
and said MD yarns of said second layer or said CD yarns of said first layer and said
20  CD yarns of said second layer;
wherein said MD and CD yarns in said first layer and said second layer and
the binder yarns are monofilament yarns;
whereln a group of said yarns have a first melting point temperature and the
remaining yarns have one or more melting point temperatures each higher than said
25  first melting point temperature; and
heating said fabric to a predetermined temperature which is at least equal to

said first melting point temperature yet lower than each of said one or more melting

point temperatures of the remaining yarns.

30 14, A method of manufacturing a papermaker's fabric for use as a forming
tfabric comprising the steps of:
weaving a first layer having a plurality of machine direction (MD) yarns

and cross-machine direction (CD) yarns;
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weaving a second layer having a plurality of said MD yarns and said CD
yarns;
weaving a plurality of binder yarns binding said MD yamns of said first layer

and said MD yarns of said second layer or said CD yamns of said first layer and said

CD yarns of said second layer;

wherein said MD yarns and said CD yarns 1n said first and second layers

and said binder yarns are monofilament yarns; and

wherein said binder yarns are formed from MXD6, which is formed by the

polycondensation of meta-xylylene diamine and adipic acid.
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