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Abstract

Provided is a nonwoven material as base interlining in sarking, roofing, or coated sealing mem-
brane with an improved isotropy of the material. The nonwoven material comprises a spunbond
nonwoven of polyester filaments. The nonwoven has a tensile strength ratio of the specific tensile
strength MD to the specific tensile strength CD between 1 and 1.5. The nonwoven material for bitu-
minous roofing membranes has a preferential thermal dimensional stability (TDS), as well as a pref-
erential thermal shrinkage behaviour. Further, a method is provided to manufacture a nonwoven
material with an improved mechanical homogeneity. In addition, a bituminous roofing product com-
prising a nonwoven material according to the invention is provided. The bituminous roofing product

is preferably a bituminous roofing membrane.
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NONWOVEN MATERIAL WITH IMPROVED MD/CD RATIO, METHOD FOR ITS MANUFACTURE
AND ITS USE

The invention relates to a nonwoven material for a roofing product such as a base interlining in
sarking, roofing, or coated sealing membranes comprising a spunbond nonwoven of polyester fila-

ments, a method for its manufacture and its use as base interlining in a roofing material.

Membranes and sheets such as a bitumen-containing sheet can be used as roofing construction
materials in both residential and commercial applications. These bitumen-containing sheets can
contain a nonwoven material as a reinforcement. Nonwoven materials can be produced based on
various polymers using spunbond or meltblown production processes. The spunbond process con-
sists of several integrated steps. Spunbond nonwovens are made by spinning continuous polymer
filaments onto a moving belt. After the spinning process, the polymer emerges as several thin, con-
tinuous filaments. These are cooled and solidified to consistent dimensions before being laid on the
belt to form a mat. For consolidation and bonding additional bonding steps are performed. Many
bonding methods can be used to bond the filaments in the spunbond process. These include hy-

droentangle bonding, needle punching bonding, thermal bonding, chemical bonding an others.

Many polymers including polypropylene, polyester, polyethylene, polyamide, polyurethane, etc. are
used in the spunbond process. Among various polymers, isotactic polypropylene (PP) is the most
widely used polymer for spun bond nonwovens production, because polypropylene is relatively in-
expensive. Polyester (PET) has fabric property (tensile strength, modulus, and heat stability) supe-
rior to those of polypropylene fabrics is used in almost every nonwoven process technology. How-
ever, polyester is more expensive and difficult to process than polypropylene. As a result, more ma-
terial has to be used, thus the product is more expensive, and the manufacturing process requires

more material and energy.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, a nonwoven material as base interlining in sark-
ing, roofing, or coated sealing membrane is provided as defined in claim 1. The nonwoven material
comprises.a spunbond nonwoven of polyester filaments, the polyester filaments having an individ-
ual titer in the range between 1 and 16 dtex. The nonwoven material has a weight per unit area of
between 20 and 500 g/m?, a specific tensile strength in machine direction (MD) between 0.3 daN

m?/5cm g to 0.45 daN m?/5cm g and a specific tensile strength in cross direction (CD) between 0.20
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daN m?/5cm g to 0.35 daN m?/5cm g. The specific tensile strength is calculated via the formula:

(tensile strength in MD + tensile strength in CD) / area weight [daN 5cm) / (g/m2)].

The nonwoven material is obtainable by a method comprising the steps of

providing an intermediate bonded nonwoven material by spinning of polyester filaments,
moving the intermediate nonwoven via belt transportation along a longitudinal path onto
or into a stretching device, such as e.g. é stretching table or a tenter frame,

stretching the nonwoven in a cross direction (CD) perpendicular to the machine direction
by 15 % to 40 % and

wherein the tensile strength ratio of the specific tensile strength MD to the specific ten-
sile strength CD, i.e. the MD/CD ratio,

is between 1 and 1.5 for area weights of between 100 and up to 130 g/m?

is between 1 and 1.4 for area weights of between more than 130 and up to 160 g/m?,

is between 1 and 1.3 for area weights of between more than 160 and up to 200 g/m?,

is between 1 and 1.25 for area weights of between more than 200 and up to 250 g/m?
and

is between 1 and 1.2 for area weights of between more than 250 and up to 350 g/m2.

Optionally the area weight of the nonwoven after crossly stretching is between 2- 10% lower than

the area weight of the nonwoven before crossly stretching and the tensile strength in machine di-

rection (MD) of the nonwoven after crossly stretching is between 1 % to 5 % lower than the tensile

strength MD of the nonwoven before crossly stretching.

In accordance with another aspect of the invention, a method for manufacturing a polyester nonwo-

ven material is provided as defined in claim 10. The method of manufacturing a polyester nonwo-

ven material comprises the steps of:

a.
b.

providing an intermediate bonded nonwoven material by spinning of polyester filaments,
bonding the polyester filaments, preferably either mechanically by needle punching
and/or hydrodynamically, until the bonded polyester filaments become a bonded nonwo-
ven,

moving the bonded nonwoven via belt transportation along a longitudinal path onto or
into a stretching device such as e.g. a stretching table or a tenter frame,

stretching the nonwoven in a cross direction (CD) perpendicular to the machine direction
by 5 % to 40 %,
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e. calendering the nonwoven to a thickness between 0.5 mm to 2.0 mm at a temperature
between 120°C and 200°C,

f. applying a binder and

g. consolidating the nonwoven material at a temperature between 150°C and 240°C.

In accordance with another aspect of the invention, a bituminous roofing product comprising a
nonwoven material according to the invention is provided as defined in claim 13. The bituminous
roofing product comprising a nonwoven material according to the invention as a base interlining is

preferably a bituminous roofing membrane.

In accordance with another aspect of the invention, the use of a nonwoven material according to

the invention as a base interlining for roofing material is provided as defined in claim 17.

The non woven material according to the invention may be manufactured using the method of the
invention. All parameters and materials described in the following may be applicable for the nonwo-
ven material according to the invention as well as the method for manufacturing a nonwoven mate-

rial.

DETAILED DESCRIPTION OF THE INVENTION

Nonwoven material

As used herein, the term "nonwoven material" refers to a polyester spunbond nonwoven. A polyes-
ter spunbond nonwoven is a fabric composed of endless polyester fibres (filaments) oriented in a
random pattern and bonded together by thermal, mechanical and/or chemical means resulting in a

nonwoven polymeric material that resembles cloth or fabric.

As used herein, the term "polyester nonwoven material" refers to a nonwoven material which com-
prises a polyester polymer, and which can optionally contain an additional thermoplastic polymer.
The polyester polymer can include, for example, a polyester homopolymer, a polyester copolymer
or a mixture thereof. For example, the polyester nonwoven material can include a coextruded spun-
bond fibre including a polyester homopolymer core and a copolymer shell. Any known polyester

polymer suitable for fibremaking can be used, preferably a melit-spinnable polyester.

All types of polyester material suited for the production of fibres, as described before, may be used.
Preferably, the nonwoven material consists of melt-spinnable polyesters and the polyesters consist

of at least 85 mol % polyethylene terephthalate (PET), preferably the polyesters consist of at least
-3-
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95 mol % of polyethylene terephthalate. Spunbond non-woven materials which consist of at least
85 mol % polyethylene terephthalates are of particular interest for bituminous roofing material rein-
forcement or interfinings due to their shrinkage behaviour. The remaining 15 mol % may consist of
or comprise dicarboxylic acid units and glycol units, or other modification agents for setting the
physical and chemical characteristics of the fiber material. Polyesters containing at least 95 mol %
of polyethylene terephthalate (PET) are particularly preferred, especially those composed of un-
modified PET. The individual titers of the polyester filaments in the spunbond non-woven shall be in

the range between 1 and 16 dtex, preferably between 2 and 8 dtex.

For a flame retardancy effect, modified polyesters can be used. Such flame retardantly modified
polyesters are known. They contain additives of halogene compounds, particularly bromine com-
pounds or, which is particularly advantageous, they contain phosphonic compounds that are con-

densed into the polyester chain.

For improving the mechanical properties -of the honwoven material as a base interlining reinforcing
filaments can be used. The forces acting on the nonwoven material are favourably directed to the

reinforcing filaments such that damage to the nonwoven material may be avoided.

As reinforcing filaments multi- and/or monofilaments are preferred based on aramids, preferably so-
called high-module aramids, carbon, glass, glass rovings, mineral fibres (basalt), high-strength pol-
yester monofilaments or multifilaments, high-strength polyamide monofilaments or multifilaments,
as well as hybrid multifilament yarns (yarns containing reinforcing filaments and lower melting

binder fibres) or wires (monofilaments) made of metals or metallic alloys.

A preferred reinforcement material consists of glass multifilaments in the form of - essentially - par-
allel warps or scrims. In most cases the non-woven materials are reinforced in MD by - essentially -
parallel warps. The reinforcing filaments may be used as woven fabric, scrim, knitted fabrics or as
non-woven fabric by themselves or in the form of an individual textile fabric. Reinforcements with

parallel reinforcing filaments, e.g. warps, as well as scrims or woven fabrics are preferred.

For further reinforcement glass fibers with a titer of between 20 tex and 150 tex, in particular 34 tex,
68 tex and 128 tex can be spun into the non-woven material. Alternatively, or in addition, a glass
roving having a titer in between 15 tex to 70 tex can be incorporated into the nonwoven. Favorable
mechanical properties of the nonwoven material can be obtained by using reinforcing filaments
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and/or yarns whose Young module is at least 50 GPa, preferably at least 60 GPa, particularly pre-
ferred more than 70 GPa.

A fusible binder can be applied to the non-woven material, such binder comprising for example hot
melt adhesive fibers. The hot melt adhesive fibers may be derived from any thermoplastic filament-
forming polymers. Such hot melt binder spunbonded non-wovens are described, for example, in
EP-A 0,446,822 and EP-A 0,590,629.

Modified polyesters fibers having a melting point 10 to 50 °C, preferably 30 to 50 °C, lower than the
base raw material of the non-woven fabric are particularly considered as hot melt adhesive. Exam-
ples of such a hot melt adhesive are polypropylene, polybutylene terephthalate, or polyethylene ter-
ephthalate modified by the condensation of longer-chain diols and/or isophthalic acid or aliphatic
dicarboxylic acid. The hot melt adhesive is preferably incorporated into the non-woven material in

fibrous form.

The polyester nonwoven material can be formed from a single layer of material or a plurality of lay-
ers of material. In a preferred embodiment, the polyester nonwoven material is formed from three or
four layers of material. In the case where a plurality of layers of material is used, a binder can be

applied to one or more of the layers in order to bind the layers together.

The weight per unit area of the spunbond non-woven material is between 20 and 500 g/m2, prefer-
ably 40 and 400 g/m2, particularly between 90 and 250 g/m2.

The nonwoven material may have a thickness between 0.5 mm to 2.0 mm. The nonwoven material
may further have a width between 800 mm to 5000 mm.

The Thermal Dimensional Stability (TDS) of the nonwoven material, being needle punched, chemi-
cally bonded with a binder is favourably below 1.6% in MD and below 1.7% in cross direction. The
TDS requirements depend on the technical application and specific product dimensions, in particu-
lar for bituminous roofing sheets, wherein the Thermal Dimensional Stability (TDS) has to be below
1.5%, preferably below 1.0%, %, more preferably below 0.5% and particularly preferred below 0.1
% in MD and /or in cross direction. The use of a chemical binder system in combination with the
stretching process can improve the Thermal Dimensional Stability (TDS) of the nonwoven material
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In a preferred embodiment the non-woven is obtainable by a method further comprising the steps of
bonding by needle-punching and chemical bonding. Such a bonding further improves the applica-

tion properties of a roofing reinforcement or base interlining sheet.

The step of providing an intermediate bonded nonwoven material by spinning of polyester filaments
may comprise

- spinning continuous polymer filaments, cooling and solidifying the filaments,

- laying down continuous load-bearing polyester filaments having a filament linear density
of 1 to 16 dtex, which are spun side by side, to form a random web in a conventional
manner,

- bonding the polyester filaments, preferably either mechanically by needle punching
and/or chemically with a meltable binder and/or hydrodynamically, until the bonded poly-

ester filaments become a nonwoven.

The nonwoven material may be obtainable by a method further comprising the steps of
- calendering the nonwoven material with binder to a thickness between 0.5 mm to 2.0 mm at
a temperature between 120°C and 200°C,
- applying a binder and
- consolidating the nonwoven material at a temperature between 150°C and 240°
Any type of suitable binder may be used for the nonwoven material such as e.g. hot melt adhesives

or chemical binders. Preferred suitable binder are chemical binder dispersions described below.

The stretching the intermediate nonwoven material in a cross direction (CD) perpendicular to the
machine direction (MD) by 5 % to 40 % may be conducted in a stretching device such as e.g. a ten-
ter frame or a stretching table. The cross stretching can be performed at a line speed between 10

m/min and up to 70 m/min, depending on the area weight of the needled intermediate nonwoven.

The nonwoven material according to the invention advantageously has a lower MD/CD tensile

strength ratio than unstretched nonwoven materials.

The nonwoven material according to the invention advantageously has a higher isotropic tensile
strength. In a roofing application a non woven reinforcement mat has to provide a minimum iso-
tropic tensile strength i.e. a minimum tensile strength at any angle or direction. The tensile strength
-in machine direction/mean manufacturing direction MD is always higher as the fabric is repeatedly

stretched in MD direction. The stretching in machine direction MD is a tresult of the transportation
-6-
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during manufacturing. The intermediate nonwoven fabric is transported via a conveyor mechanism,
in particular via at least one conveyor belt and/or via at Iéast one conveyor roll. The conveyor
mechanism induces a drag onto/ into the nonwoven fabric in machine direction (MD), resulting in a
stretching or drawing in MD in the manufacturing process. This MD drag or stretching results in a
higher tensile strength in MD. Nonwoven fabrics having lower area weights in the range of 50-150
g/m? show a higher MD/CD tensile strength coefficient compared to nonwoven fabrics with a higher
area weight between 150 — 250 g/m? and above.

This is due to a higher stretching resistance of thicker, high area weight fabrics and due to the fact

that thinner, lower area weight fabrics are manufactured at higher line speeds (higher drag).

The lower CD value determines the spunbond type selection regarding tensile strength. If a tensile
strength of 300 N/5 cm is required for the roofing application, e.g. in a bituminous roofing mem-
brane, for example a nonwoven material available on the market with an area weight of 210 Ther-
mal Dimensional Stability (TDS) would fulfil the requirement in MD, but not in CD. Therefore, a
nonwoven material available on the market with a higher area weight of 150 g/m? has to be se-
lected having a tensile strength of 310 N/5 cm in CD. As the nonwoven material according to the
invention has a better MD/CD ratio and a better isotropy o

f the tensile strength a nonwoven material with a lower area weight already fulfils the requirements
of CD tensile strength and it is not necessary to select a material with a higher area weight. With
the nonwoven material according to the invention a material saving of 5% to 8%, preferably 10 %

or more at an overall improved unidirectional tensile strength distribution is possible.

By cross stretching of the nonwoven material the tensile strength ratio MD/CD decreased. This is
based on both a tensile strength de- consolidation or de-strengthening in the main direction (MD)
and a tensile strength consolidation or strengthening in cross direction (CD). The specific tensile
MD strength decreases during the' cross stretching, while the specific tensile strength in cross CD
direction increases. A higher CD stretching ratio leads to a higher decrease in MD and a higher in-

crease in CD giving a lower MD/CD ratio.

The nonwoven material preserves its mechanical integrity while subjected to cross stretching. The
nonwoven material shows neither a local decrease in mechanical strength or a substantial variation
of the tensile strength in both the width or along the length of the nonwoven material. Thus, the
nonwoven material fulfils the requirements for any application as reinforcement fabric for sarking,
roofing and sealing membranes. On the contrary cross stretching imprbves the area weight homo-

geneity in both cross (CD) and length / machine (MD) direction.
-7-
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Therefore, the invention provides a roofing reinforcement nonwoven material for bituminous roofing

membranes having a more isotropic tensile strength.

The nonwoven material for bituminous roofing membranes after CD stretching preserves its perfor-
mance in view of its thermal dimensional stability (TDS), as well as in view of its thermal shrinkage

behaviour.

The crossly stretched nonwoven material may be used for applications requiring a reinforcement
such as coated sarking, roofing and sealing membranes, preferably the nonwoven is used for man-
ufacturing coated sarking, roofing and sealing membranes. Apart from that, the nonwoven material

according to the invention may be used in flooring applications and in the field of filtration.

The nonwoven material provides a high initial and also a high long term mechanical stability and
fulfils the requirement for reinforcement applications in roofing products to withstand high mechani-
cal forces and resistance against varying environmental temperature regimes (up to 80 degrees

Celsius or higher in the summer sun and down to significant minus degrees in arctic regions).

Method of manufacturing a polyester nonwoven material

The method of manufacturing a polyester nonwoven material according to the invention preferably
comprises the steps of
a. providing an intermediate bonded nonwoven material by spinning of polyester filaments,
b. moving the intermediate nonwoven via belt transportation along a longitudinal path onto

or into a stretching device,

C. stretching the nonwoven in a cross direction (CD) perpendicular to the machine direction
by 5 % to 40 %,
d. calendering the nonwoven material to a thickness between 0.5 mm to 2.0 mm at a tem-

perature between 120°C and 200°C and
e. optionally applying a binder,

f. consolidating the nonwoven material at a temperature between 150°C and 250°C.

The steps are performed one after another in the order given above from a. to f.

The intermediate bonded nonwoven material is manufactured by
-8-
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- spinning continuous polyester, cobling and solidifying the filaments,

- laying down the continuous load-bearing polyester filaments, preferably having a fila-
ment linear density of 1 to 16 dtex, to form a random web on a conveyor beilt,

- bonding the polyester filaments by needle punching and by chemically bonding with a
meltable binder until the bonded polyester filaments become a bonded nonwoven mate-

rial.

The polyester filaments are made by spinning continuous polymer filaments onto a moving belt. Af-
ter the spinning process, the polymer emerges as several thin, continuous filaments. These are
cooled and solidified to consistent dimensions before being laid on the belt to form the random web
(mat). For the spinning a polymer is melted by heating and mechanical action when it is conveyed
to an extruder. Then, the molten polymer moves through a screen or a nozzle array. In the extruder
the polymer is progressively heated while the melt pressure and temperature are controlled. PET
fiber extruder manufacturing process can be conducted at temperatures in the range between 230°
C to 320°C, in particular between 275° C to 310 ° C and pressures in the range of between 30 bar
to 200 bar, in particular in between 50 bar to 180 bar and more particularly in between 80 bar to
150 bar.

The molten polymer is conveyed from the feeding device to a spinneret or nozzle array. The molten
polymer is emitted through the spinneret holes or nozzles. When the emitted filaments pass
through, cool air is directed across the filament bundle to cool the molten filaments sufficiently to
cause solidification. Due to the high velocity air, acceleration and accompanying attenuation or
stretching of the individual filaments takes place. The attenuation leads to a polymer molecular ori-

entation.

For web formation the filaments are deposited on a moving belt. The fibres or filaments can be laid
on the belt by applying a vacuum under the belt. To achieve maximum uniformity and cover me-
chanical oscillation, electrostatic charging, slot attenuators, air foils, full-width draw rolls or centrifu-

gal foaming can be used for separation and lay down.

The polyester filaments are bonded by needle punching and/or by chemically bonding with a melta-
ble binder until the bonded polyester filaments become an intermediate nonwoven material. For
consolidation and bonding by needle punching barbed needles are rapidly passed through the

plane of moving spun web. In addition, and for further mechanical strengthening a binder can be
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applied to the spunbond fabric. Suitable binders are styrene- butadiene based, PVA based, polyu-
rethane based, acrylic based, starch based or reduced sugar based binders or combinations

thereof.

In the method according to the invention the nonwoven material is needle punched and then moved
via belt transportation along a longitudinal path onto or into a stretching device such as a tenter

frame, a stretching table or other stretching device. The nonwoven is stretched in cross (CD) direc-
tion to the machine direction (MD) by 5 % to 40 %, preferably by 15 % to 40 %, without stretching in
machine direction. The cross stretching steps may be performed one after the other or may be per-

formed simultaneously, or even only one stretching step may be performed.

The stretching step can be performed at a line speed between 5 m/min and up to 70 m/min, de-
pending on the area weight of the intermediate nonwoven material, preferably 20 m/min to 50

m/min and has to be phased into the manufacturing line speed.

The stretching in a cross direction (CD) may be applied using carriages, arranged to capture and
clamp the nonwoven during cross stretching, the carriages fixing the nonwoven laterally. A large
number of carriages are fixed to, and drawn by, endless chains to run on rails on both sides of said
stretching table or stretching tenter. The rails and carriages are moved either on wheels or on glid-
ing members between the carriages and the rails. The carriages can be moving on v- shaped rail
conducts, wherein the v opens and/or widens in transportation direction. The divergence of the two
carriages fixed on both sides of the nonwoven material causes cross drawing of the material in a

cross direction.

In a preferred embodiment of the method according to the invention the nonwoven material is
stretched in a direction perpendicular (CD direction) to the machine direction until
o the tensile strength ratio of the specific tensile strength MD to the specific tensile
strength CD, i.e. the MD/CD ratio, is between 0.9 and 2.0 upon nominal cross
stretching of 5% to 40%,
o the area weight of the nonwoven after crossly stretchihg is between 2- 15 %
lower than the area weight of the nonwoven before crossly stretching and
o the tensile strength in machine direction (MD) of the nonwoven after crossly
stretching is between 1 % to 5 % lower than the tensile strength MD of the
nonwoven before crossly stretching.
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The known manufacturing process for a polyester nonwoven material according to the state of the
art results-in a higher tensile strength in machine direction (MD) than in cross direction CD. In the
conventional process a spunbond as detailed before is applied to a first section of a belt transporta-
tion device, the laid pre spunbond mat or nonwoven fabric is then transported to a second device
for applying the chemical binder to a second section of a belt transportation device. To guarantee a
close fitting and hand over from the first section to the second section the spunbond has to be kept
in a tight formation (close fitting and tightening) in the mean (MD) manufacturing direction. Again,
for the next process step, the needle puncturing process the spunbond mat has to be held in a
close tight fit. Therefore, with each next hand over or transport step and during transportation in the
known process the spunbond web is constantly tightened or dragged in the mean manufacturing
direction (MD). The longitudinal tightening is also true for the calender process, a quenching pro- -
cess by two even calender rolls. Thus, the process of the state of the art leads to a nonwoven ma-

terial with an anisototropic tensile strength distribution.

This variation of the MD/CD quotient (tensile strength in MD divided by tensile strength in CD for
conventional state of the art not cross stenter fabrics) is shown in Fig. 1b. The data points are aver-
aged over numerous manufacturing cycles on different manufacturing lines. The data shows some
MD/CD variations for a given area weight. The data is also showing an almost linear trend of de-

crease of the MD/CD ratio with increasing area weight.

According to the invention after stretching the nonwoven material in a cross direction a binder may
be applied to the nonwoven material. Any type of suitable binder may be used for the nonwoven
material such as e.g. hot melt adhesives or chemical binders. A chemical binder dispersion may be
selected from, polyurethane based, starch based, PVA based, reduced sugar based and styrol-bu- |
tadien rubber "SBR" dispersion binders and other. Styrol-butadien rubber "SBR" dispersion binders
are particularly preferred binders. Combinations thereof can be used in any material and/or volume

fraction variation.

The weight of the binder shall be between 5% to 30% of the total weight of the consolidated nonwo-
ven material, in particular its weight shall be of the amount between 15 % to 20% of the total weight

of the final nonwoven material.

The viscosity of the binder dispersions for application and thorough wetting amounts to between 10
and 800 mPas, (determined in-accordance with DIN EN ISO 3219 and 23°C). The viscosity range
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is chosen to satisfy homogeneous wetting and soaking but should not be too low to avoid gravity

flow and low viscosity induced binder dispersion poorness in the upper regions of the fabric.

The binder polymer dispersions are preferably anionic dispersions. Further, bathotonic and/or ther-
mally cross-linkable dispersions may be used. Thermal cross-linkable dispersions that cross-link at

a temperature range between 120°C and 210°C are preferred.

In an intermediate manufacturing step of the method, the nonwoven material is calendered to a de-
sired thickness and afterwards consolidated (thermal bonding and relaxation / differential thermal
shrinkage). Thermal consolidation preferably takes place in a drum dryer. Final consolidation tem-
peratures shall ensure complete polymerization and/or cross-linking of the binder and shall be in
the range between 150°C and 240°C, in particular between 180°C and 230°C.

The nonwoven material can be cut into roles of the desired width.

The thermal consolidation shall at least substantially be achieved in the calender. Therefore, the
calender rolls are heated to a temperature of between 120°C and 180°C. The thermal consolidation
shall ensure a mechanical stable nonwoven material, especially when used as a reinforcement fab-

ric, with determined fixed final thickness.
A final thermal consolidation step can take place after thermal calandering.

The method may further comprise spinning glass fibers as reinforcing fibers into the nonwoven be-
fore step b., the glass fibers having a titer of between 20 tex and 150 tex, in particular 34 tex, 68 tex
and 128 tex and/or incorporating a glass roving having a titer in between 15 tex to 70tex into the
nonwoven before bonding and bonding the reinforcing fibers and/or the glass roving into the

nonwoven material.

Favorable mechanical properties of the nonwoven material for use as a base interlining can be ob-
tained by using reinforcing filaments and/or yarns whose Young module is at least 50 GPa, prefera-

bly at least 60 GPa, particularly preferred more than 70 GPa.

In an exemplary embodiment a PET base spunbond filament is dispensed on a belt transportation
mechanism and reinforcement glass fibers are spun into the nonwoven material. The spunbond is

consolidated and bonded by needle punching before cross stretching.
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The bonding can be conducted by needle-punching, hydrodynamic bonding or chemical bonding.
Needle-punching is preferably conducted with a stitch densities of 20 to 100 stitches/cm2, prefera-
bly with 30 - 80 pricks/cm2. The wording of prick or stitch shall have the same meaning. Hydrody-
namic bonding such as waterjet needling is also suitable. Pressure ranges for waterjet needling are
preferably between 5 and 600 bar, particularly between 50 and 450 bar, particularly preferred be-
tween 100 and 300 bar.

The Thermal Dimensional Stability (TDS) of the honwoven material obtained by the method being
needle punched and chemically bonded with a binder is preferably below 1.6% in MD and below

1.7% in cross direction (CD).
Any of the polymer materials used in a spunbond application and treated as to the inventive tenter
process could benefit in view of it’s MD/CD ratio — improved tensile strength homogeneity. The

nonwoven material has preferably a MD/CD ratio between 1 and 1.3.

Bitmuminous roofing product

Another object of the invention is to provide a bituminous roofing product comprising a polyester
nonwoven material according to the invention as a base interlining. The bituminous roofing product
can be a bituminous roofing membrane. The bituminous roofing product includes the nonwoven as

a base interlining for coated sarking, roofing and sealing membranes.

The bituminous roofing membrane includes the stretched nonwoven material according to the in-
vention. [n the following the application of the nonwoven material according to the invention or the
nonwoven material manufactured by the method according to the invention as a reinforcement for

bituminous roofing membranes is described.

The bituminized roofing material contains at least one layer of nonwoven material, the base mem-
brane, as described above, embedded in a bitumen matrix. The amount of bitumen by weight in re-

lation to the total weight per unit area is preferably between 60 wt % to 97 wt %.

[n addition to bitumen, other materials such as polyethylene or polyvinylchloride, polyurethanes,
EPDM or TPO (polyolefines) may also be used as coating substances for the coated sarking, roof-

ing-and sealing membranes. : -
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The coated sarking, roofing and sealing membranes may be powdered with a granular, in particular

fire-resistant material, such as sand and expanded graphite.

The nonwoven material as base interlining or roofing sheet may have a reinforcement as described
above. The reinforcement can be achieved by reinforcing filaments or yarns. The selection and vol-
ume content of such reinforcing fitaments or yarns is chosen such that the reinforcement absorbs a
force that may act on the material used as a roofing. Such force may for example be generated by

the heating the roofing or cold temperatures in winter times. For bituminous applications reinforcing

yarns are used.

In a preferred embodiment of the bituminous roofing product is a bituminized roofing membrane
and the nonwoven material is embedded in a bitumen matrix, the bitumen having part by weight of
the weight per unit area of the bituminized roofing membrane being preferably 60 to 97 wt % and of
the nonwoven material being 3 to 40 wt % and the membrane having a thickness between 3 mm to

5mm.

The bituminous roofing membrane may further comprise an adhesive layer on the bottom side of
the nonvoven reinforcement layer while the bitumen layer is on the top weathering side of the bitu-

minous roofing membrane.

When the polyester nonwoven is used as a carrier in roofing underlayments or commercial built-up
roofing systems it gets saturated with bitumen. The high tear strength of the spunbond contributes
to the dimensional stability of the bitumen roof. At the same time, the nonwoven provides an excel-

lent elasticity, which makes the roof robust.

The bituminous roofing product including the nonwoven material as a base interlining has an im-
proved isotropic tensile strength compared to conventional products. As the nonwoven material has
a higher isotropy the minimum tensile strength at any angle or direction is achieved with a nonwo-

ven material with a lower area weight.

The bituminous roofing membranes preferably have a thermal dimensional stability (TDS) below
1.5%, preferably below 1.0%, more preferably below 0.5% and particularly preferred below 0.1 % in

MD and /or in cross direction.
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The bituminous roofing membranes preferably have a retraction force is below 2.6 N/2.5 m meas-

ured by the measure described below.

The heated bitumen during manufacturing of the bitumen membrane can cause an additional
shrinkage of the reinforcement sheet based on thermal shrinkage of the binder and fibers. Such
shrinkage might result in a buckling of the reinforcement fabric in the bitumen matrix. The buckling
can be unfavorable in view of a homogeneous mechanical strength of the bituminous roofing and it
might lead to unacceptable defects such as buckled roofing and optical defects on the roofing sur-
face. The reinforcing glass fiber yarns at large shrinkage might have for example to absorb so
much tension by the shrinkage that they might show up strongly at the surface of the fabric. Such
defects are not acceptable for use in a bituminous membrane due to their visual appearance and

~ the risk of delamination of the yarns from the surface. It was found that a retraction force of > 10
N/5cm and/or a shrinkage of more than 0.5 % along the width of the reinforcement fabric can lead

to buckling.

For retraction force values above 2.6 N/2.5cm, the risk of failure of the roofing membrane signifi-
cantly increases, as the holding bounding force between the bitumen matrix and the fiber spunbond

could then be exceeded. As a result, a partial delamination may occur.

The bituminous roofing product according to the invention at a better MD/CD ratio preserves its

TDS and is not showing any buckling or optical defects.

" An exemplary embodiment of a bituminous roofing membrane according to the invention is shown
in a sectional view in Figure 1a. The bituminous roofing membrane has a top layer 1 of bitumen.
The top layer is placed onto and integrated into a reinforcement mat 2 of the nonwoven material as

described above. On the bottom of the reinforcement mat an adhesive layer 3 is placed.

The samples were tested and measured using the following measuring methods if not further de-

scribed below:

Area weight: The weight per unit area [area weight] is determined according to DIN EN
ISO 29073-1 (1992-08).
Tensile strength: The tensile strength (mechanical strength) is measured according to DIN EN -.

29 073, part 3 (1992-08).
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Specific tensile strength: The tensile strength is measured according to DIN EN 29 073, part 3
(1992-08). The specific tensile strength is calculated via the formula: (tensile
strength in MD + tensile strength in cd) / area weight [daN 5cm) / (g/m2)]. The
specific tensile strength is the measured tensile strength of a sample in load-
ing direction (MD,CD) of the load during mechanical stress testing divided by

the area weight of such sample.

Thermal dimensional stability (TDS): The thermal dimensional stability (TDS) is determined accord-
ing to DIN 18192: 1985-08 using a force of 4000g at 200°C.

The Thermal Dimensionaln Stability (TDS) is measured as follows: The samples are gained by cut-
ting out material in the dimension of 350 mm x 100 mm (I/c). These samples are subjected to a
temperature of 200 °C in an oven and stretched by a weight of 4 kg in MD across their overall width
for 10 minutes.

The measurement of the dimensional variation is done after a 5-minute cooling while still forced

down by 4 kg. The resultant variation is measured.

Examples

Example 1

As to a first embodiment of the invention a PET base spunbond fibre was dispensed on a belt
transportation mechanism, reinforcement glass fibre filaments were spun into the fabric. The spun-
bond was consolidated and bonded by needle punching. As the area weight amongst other material
characteristics determines the tensile strength, the normalized specific strength/specific tensile
strength was calculated.

The intermediate nonwoven spunbond product before cross stretching in a tenter had the following

material characteristics:

PET base fiber titer: apprbx. 4 dtex

Area weight: 160 g/m?
Tensile Strength - MD: 56.8 daN/5cm
Tensile Strength - CD: 34.5 daN/5¢cm
Spec. tensile Strength - MD: 0.36 daN m?/5cm g
Spec. tensile Strength - CD: 0.22 daN m?/5cm g
Manufacturing line speed approx. 21 m/min
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Tensile strength ratio MD/CD: 1.65
Nonwoven mat width: ' 1625 mm

Nonwoven mat thickness: 1.6 mm

The intermediate nonwoven material got crossly or perpendicularly stretched to the manufacturing

main direction/machine direction (MD) by 15% (nominal machine setting) in cross direction CD.

After 15 % nominal cross tenter or stretching the material characteristics were measured. The ma-

terial characteristics are shown in Table 1:

Area weight: 151 g/m?

Tensile Strength - MD: 50.0 daN / 5cm

Tensile Strength - CD: 34.2 daN / 5cm

Spec. tensile Strength - MD: 0.33daNm?/5cm g

Spec. tensile Strength - CD: 0.23 daN m?/5cm g

Tensile strength ratio MD/CD: 1.46

Spunbond mat width: 1810 mm (machine setting 1870 mm)
Table 1: Material characteristics of nonwoven material example 1

The sample data shows that by cross stretching of nominal 15% (machine setting) the tensile
strength ratio MD/CD decreased. This based on both a tensile strength de- consolidation or de--
strengthening in the main direction (MD) and a tensile strength consolidation or strengthening in the

cross direction (CD).

The specific tensile MD strength decreases to 93% of its original value, while the specific tensile
strength in cross CD direction increases to 105% of its original value. As the machine setting was
set to 1870 mm and the resultant width arrived at 1810 mm some elastic relaxation in stretch direc-

tion can be observed.

Example 2

An intermediate nonwoven spunbond product was produced with the parameters described in ex-
ample 1. The intermediate fabric got crossly or perpendicularly stretched to the manufacturing or

main direction (MD) by 20% (riominal machine setting) in CD.
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After 20 % nominal cross tenter or stretching the material characteristics were measured. The ma-

terial characteristics are shown in Table 2:

Area weight: 146 g/m2

Tensile Strength - MD: 46.9 daN/5cm

Tensile Strength - CD: 34.3 daN/5cm

Spec. tensile Strength - MD: 0.32 daN m2/5¢m g

Spec. tensile Strength - CD: 0.23 daN m2/5¢cm g

Tensile strength ratio MD/CD: 1.37

Spunbond mat width: 1870 mm (machine setting 1980 mm)
Table 2: Material characteristics of nonwoven material example 2

The specific tensile MD strength decreases to 92% of its original value, while the specific tensile
strength in cross CD direction increases to 113% of its original value. By further 5% stretching the
tensile strengthening in CD direction increased comparably more then by the first 15% stretch re-

gime. The relaxation was comparably higher.

The results indicate that cross stretching by a tenter will decrease the MD/CD tensile strength ratio.
Taking the nonwoven material of example 2 to be selected for a roofing reinforcement application
with about 35 daN / 5cm tensile strength value in any direction would usually require a 160 g spun-
bond. Using the nonwoven material according to the invention such tensile strength value is achiev-

able by a 146 g material, thus saving about 7% of material.

Test of material homogeneity

To test the impact of cross stretching on material homogeneity 29 samples were cut out of the inter-
mediate nonwoven material before stretching along its width (CD direction), including the border
areas/edge of the material. The intermediate nonwoven material was then crossly stretched at a
given line speed. Further 29 samples were cut out of the nonwoven material after cross material

stretching. The area weight of all samples before and after stretching was determined.

The intermediate nonwoven material was stretched at a line speed of 30 m/min.
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Fig. 2 shows the tested area weight distribution before stretching and after 15% of nominal cross

material stretching of the nonwoven material of example 1.

Example 1 Stretch ratio Line speed Average area STAB
weight
m/min g/m?
0% 30 159,5 9,4
15 % 30 151,2 8,6

Table 3: Average fabric area weight before and after 16% stretching

Table 3 details the average weight of the samples taken over the width of the fabric. As can be
seen the average area weight in CD or width direction was tested to be 159.5 g/m? +/- 9.4 g/m? be-
fore and to be 151.2 g/m? +/- 8.6 g/m? after 15% nominal stretching.

This relates to a standard variation in area weight over the whole fabric width of 5.9 % before, re-
spectively 5.7% after 15% cross nominal stretching. This data shows that no varying local material

cross thickness weakening, rupture or delamination occurred at 15% nominal stretching rate.

Fig.3 shows the tested area weight distribution before stretching (sample V2100427) and after 20%

of nominal cross fabric stretching. Sample V2100427 is conform to example1.

An intermediate nonwoven material was stretched at a line speed of 30 m/min.
Table 4 shows test results for the average weight of the samples again taken over the width of the
fabric. As can be seen the average area weight in CD or width direction was tested to be 157.3

g/m? +/- 9.9 g/m? before and to be 146.2 g/m? +/- 7.0 g/m? after 20% nominal stretching.

Stretch ratio Line speed Average area STAB
weight
m/min g/m?
0% 30 157,3 9,9
20 % 30 146,2 7,0

Table 4: Average fabric area weight before and after 20% nominal stretching

This relates to a standard variation in area weight over the whole fabric width of 6.3 % before, re-
spectively 4.8 % after 20% cross nominal stretching. This data shows that no varying local fabric
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cross thickness weakening, rupture or delamination occurred also at 20% cross stretching while the

variation in area weight decreases over the width by stretching in CD.

To test potential material weakening or rupture in length direction or along the fabric roll material 29
samples in width direction were taken at a first length row and at equal distances for four (4) subse-
quent sample sets (29 each). The area weight and the MD tensile strength of each sample was

measured.

Fig.4 shows the tested area weight distribution in MD (MD) of the fabric (sample V2100427 - sam-
ple V2100427 is conform to example1) at 5 equally distant rows of nonwoven material after 20%
nominal cross stretching in length direction of the material roll. The samples were tested and meas-

ured with the results summarized in Table 5 below.

Stretch ratio Line speed Average area STAB
weight
m/min g/m?
Roll 1 20 % 30 145,3 9,4
Roll 2 20 % 30 145,6 9,3
Roll 3 20 % 30 146,9 8,1
Roll 4 20 % 30 147,3 9,5
Roll 5 20% 30 146,1 9,8
average 20 % 30 146,2 7,0
Table 5: Average material area weight after 20% nominal stretching in MD; single measure-
ment per row

The corresponding test data in Table 5 represents an array of 5 rows with 29 samples each, 145
samples in total. As can be seen in table 5 average material area weight in MD or MD was tested to
be between 145.3 g/m2 +/- 9.4 g/m2 before and to be 147.3 g/m2 +/- 9.8 g/m2 after 20% nominal

stretching.

This relates to a standard variation in area weight over the measured fabric length of 7.0 % after
20% cross nominal stretching (highest and lowest values taken into calculation).
This data shows no locally varying longitudinal thickness weakening, rupture or delamination in the

fabric occurred at 20% cross stretching (MD).
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The area weight distribution test data in both width and length direction of the crossly stretched
spunbond fabric does not indicate any material weakening. Favourably cross stretching improved

the area weight homogeneity in both cross (CD) and length / manufacturing (MD) direction.

Nevertheless, a variation of the tensile strength in manufacturing direction might be induced. To
test the tensile strength homogeneity, the samples according to Fig. 4 were tested against their MD

tensile strength parameters.

Fig. 5 shows the tested MD tensile strength distribution in MD (MD) of the fabric at 5 equally distant
rows of nonwoven material after 20% nominal cross stretching measured in an array in length di-

rection of the material roll.

The tensile strength test data in both width (CD) — as tested shown by Fig. 5 and length direction

(MD) of the crossly stretched spunbond fabric does not indicate any material weakening.

Stretch ratio - Line speed Average tensile STAB
strength MD
m/min daN/5cm
Roll 1 20 % 30 47,0 5,6
Roll 2 20 % 30 15,9 7,1
Roll 3 20 % 30 48,5 6,6
Roll 4 20 % 30 48,0 74
Roll 5 20 % 30 46,1 7,0
average 20 % 30 46,9 4,2
Table 6: Average MD tensile strength after 20% nominal cross stretching measured at longi-

tudinal distant spaced rows

Table 6 corresponding to Fig. 5 details tensile strength MD values of an array of 5 rows with 29
samples each, 145 samples in total. The variation of the average MD tensile strength per row was
tested to be between 45.9 daN/5cm +/- 7.1 daN/5cm and 48.5 daN/5cm +/- 6.6 daN/5cm after 20%
nominal stretching. This relates to a standard variation in MD tensile strength over the measured
fabric length of 4.2 % after 20% cross nominal stretching (highest and lowest values taken into cal-

culation).

This data shows that also in regard of the tensile strength profile of the fabric mat no locally varying
weakening, rupture or delamination in the fabric occurred at 20% cross stretching (CD stretching —

MD measurement).
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Example 3

Example 3 reflects the applicability and improvement gained by the invention for significant thicker

nonwoven materials, having a higher area weight.

A PET base spunbond fiber intermediate product (raw material sample) was manufactured. The in-
termediate nonwoven was consolidated and bonded by needle punching. The normalized specific
strength was calculated out of the test data of the measured area weight and tensile strength .
(MD,CD).

The intermediate nonwoven material before cross stretching in a tenter had the following material

characteristics:

PET base fiber titer: 4 dtex

Area weight: 299 g/m2

Tensile Strength - MD: 101.0 daN/5cm
Tensile Strength - CD: 75.9 daN/5¢cm
Spec. tensile Strength - MD: 0.34 daN m2/5¢m g
Spec. tensile Strength - CD: 0.25 daNm2/5cm g
Manufacturing line speed 12 m/min

Tensile strength ratio MD/CD: 1.33

Spunbond mat width: 1030 mm

Spunbond mat thickness: 1.9 mm

Needle punching: 50 Pricks/cm2

The intermediate nonwoven material got crossly or perpendicularly stretched to the manufacturing
or main direction (MD) in CD between 15% - 30%. The nonwoven material had a width before
stretching of 1030 mm. Intermediate nonwovens were manufactured on different manufacturing
lines and stretched in 3 different power frame facilities to proof universal applicability and repeata-

bility of the resuilts.

Line speeds in the tenter frame were chosen to be between 10 m/min and 100 m/min.
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Table 7 shows the material characteristics of a a PET nonwoven material with an area weight of

299 g/m? unstretched and at several stretch ratios between 15% up to 30% cross nominal stretch.

No. nominal | Area Area tensile tensile tensile tensile

stretch weight | weight strength strength strength | strength

ratio reduction | MD MD CD CD ‘

g/m? % daN/scm | % daN/5cm | %
A 0% 299 101,0 0% 75.9 0%
B 15% 282 -5,5% 96,0 -5,0% 80,4 5,9%
Cc 20% 276 -7,7% 91,7 -9,2% 81,7 7.6%
D 25% 271 -9,3% 88,6 -12,3% 82,1 8,2%
E 30% 268 -10,2% 88,4 -12,5% 81,2 7.0%
Table 7a: Material characteristics of a PET nonwoven material with.an area weight of 299 g/m?

unstretched and up to 30% nominal stretch ~ area weight and tensile strength

No. nominal spec. spec. spec. spec. tensile | spec. ratio

stretch tensile | tensile tensile tensile tensile MD/CD

ratio MD MD CD CcD

% % %
A 0% 0,34 0% 0,25 0% 0,59 0,0% 1,33
B 15% 0,34 0,6% 0,28 12,1% 0,62 5,5% 1,19
Cc 20% 0,33 -1,6% 0,30 16,6% 0,63 6.2% 1,12
D 25% 0,33 -3,3% 0,30 19,3% 0,63 6,4% 1,08
E 30% 0,33 -2,6% 0,30 19,1% 0,63 6,7% 1,09
Table 7b: Material characteristics of a PET nonwoven material with an area weight of 299 g/m?

unstretched and up to 30% nominal strefch — specific tensile strength

No. nominal | Area width width width Measured
stretch weight | before tenter after stretch ratio
ratio stretching machine | tenter

setting
g/m? mm mm mm %

A 0% 299 1030

B 15% 282 1030 1190 1140 1%

c 20% 276 1030 1240 1170 14%

D 25% 271 1030 1290 1195 16%

E 30% 268 1030 1340 1220 18%

Table 7c: Material characteristics of a PET nonwoven material with an area weight of 299 g/m?

unstretched and up to 30% nominal stretch — width and stretch ratio

Table 7 shows the effect of nominal (machine setting) cross stretching of 15%, 20%, 25% and 30%.
The data reveals an increasing rebounding, spring back of the material upon higher cross stretch _

parameters. Taking No. C (20% nominal tenter stretch) as an example the spring back in width is
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6% resulting in a 14% stretch (CD), whereas upon 30% stretch (No. E) the rebounding increased to
12%.

A carrier nonwoven material of this type shall be suitable as a reinforcement mat for use in sealings

for flat roofs, bridges, foundations and tunnels and in particular for bituminous membranes.

Example 4

A couple of PET base spunbond fiber intermediate products (raw material sample) with a targeted

weight of 250g/m? were manufactured similar to the nonwoven materials in examples 1 and 2.

The intermediate nonwoven materials before cross stretching in a tenter had the following material

characteristics as shown in table 8.

Unit 4a 4b 4c 4d
PET base fiber titer: dtex 4 4 4 4
Area weight (interme- | g/m2 287 | - 290 283 290
diates):
Manufacturing line m/min 30 30 30 30
speed
Spunbond mat width: | mm 1030 1030 1030 1030
Spunbond mat thick- mm 1.9 1.9 1.9 1.9
ness:
Tensile Strength - MD: | daN/5cm 1191 110.9 115.3 111.0
Tensile Strength - CD: | daN/5cm 77.5 69.6 81.2 74.7
Tensile strength ratio 1.54 1.59 1.42 1.49
MD/CD:
Needle punching: Pricks/cm? 50 50 50 50
Binder SBR SBR SBR --
Thermal consolidation | °C 200 200 200 200
(oven)
Table 8 Material characteristics of the intermediate nonwoven materials
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The intermediate fabric got crossly or perpendicularly stretched to the manufacturing or main direc-
tion (MD) in CD at a length ratio between 5% - 30%.

The results for area weight reduction and ratio MD/CD at increasing cross stretching are shown in
Fig. 6a and 6b. It must be noted that the nonwoven material in trial 5 was manufactured without

binder.

The MD/CD ratio in different trials and using distinct materials as listed above, decreases almost
linearly and reaches the values shown in table 9. Table 9 also shows the area weight reductions of

these samples.

Nominal Ratio Area weight
stretch ratio | MD/CD reduction

Trials 1 to 6 %
10% |>1.4
15% >1.3
20% >1.25
25% - >1.2 9
30% >1.15 10

Table 9: MD/CD ratio and area weight reductions of nonwoven material with a targeted area

weight of 250 g/m? (shown in Fig. 6a and 6b)

MD/CD ratios of 20 % cross stretched fabrics
Fig. 7 shows test results of the MD/CD ratios of fabrics of various area weights at after a 20% nomi-

nal cross stretching or cross stenter.

In comparison to the unstretched fabrics as to Fig. 1b the MD/CD ratio is significantly decreased.

Comparative examples

Comperative example' 1

A PET nonwoven material with a low area weight as available on the market has been tested. The
nonwoven material is marketed by Johns Manville as type 059/120 spunbond. Table 10 lists the

properties of this known nofhiwoven material.
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characteristic value Test method
area weight 120 g/m? | DIN EN 29073-1
nominal thickness 0.85 mm | DIN EN ISO 9073-2
nominal tensile strength MD 375 N/5cm | DIN EN 29073-3
nominal tensile strength CD 220 N/5 cm | DIN EN 29073-3
Elongation at max. tensile 30 % | DIN EN 28073-3
strength MD

Elongation at max. tensile 30 % | DIN EN 29073-3
strength CD

Shrinkage MD < 1% | 10 min, 200°C
Shrinkage CD £ 1% | 10 min, 200°C

Table 10 Material characteristics of known nonwoven material type 059/120

(Comperative example 1: C1)

The nonwoven material of the comparative example C1 has a maximum tensile elongation at maxi-
mum tensile strength of 30 % (in MD and CD) direction and shrinkage below 1 % (at 10 minutes /

200 degree Celsius - in MD and CD direction).

As can be seen from these values the nominal relation between the tensile strength in MD direction

and CD direction is as follows:
ratio MD/CD = 375 N/5 cm divided by 220 N/5 cm

ratio MD/CD = 1.7

Tensile strength ration:

Comparative example 2

A PET nonwoven material as available on the market with a higher area weight has been tested.
Table 11 shows the material characteristics for a 250 g/m? Polyester Spunbond Thread Reinforced
fabric that is available in the market. The MD/CD ratio is 1.32.

Test method
DIN EN 29073-1
DIN EN ISO 9073-2

characteristic value

250 g/m?
1.60 mm

area weight

nominal thickness

nominal tensile strength MD 830 N/5 cm | DIN EN 29073-3
nominal tensile strength CD 630 N/5 cm | DIN EN 29073-3
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Elongation at max. tensile 31 % | DIN EN 29073-3

strength MD

Elongation at max. tensile 32 % | DIN EN 29073-3

strength CD

Shrinkage MD £ 1% | 10 min, 200°C

Shrinkage CD £ 1% | 10 min, 200°C
Table 11 Material characteristics of known nonwoven material with high area weight

(Comperative example 2: C2)

[n an example roofing application, namely a bituminous roofing reinforcement, the fabric mat shall
be required to have a tensile strength of 75 dN/5cm in any direction. The nonwoven material C2
with an area weight of 250 g/m? with the material characteristics as shown in table 11 would not
meet such required tensile strength profile as the tensile strength CD in cross direction is only at 63
daN/5cm. To fulfil the 750 N/5cm tensile strength performance at least a 300g/m? fabric as availa-

ble in the market would be required.

However, a 30% nominal cross stretched nonwoven as shown in example 3E with a tensile
strength MD of 884 N/5¢cm and CD of 884 N/5cm does completely fulfil the specification of 750
N/5cm, while having an area weight of only 268 g/m2. The MD/CD ratio (example 3E) is 1.09.

Such area weight reduction between the unstretched nonwoven material of Example 3A (zero
stretch; stretch ratio in CD 0%) and example 3E (30% nominal stretch; stretch ratio in CD 30 %)
corresponds to a 10% material saving at an overall improved unidirectional tensile strength distribu-

tion.

Example 5

A couple of intermediate or raw material nonwovens for a targeted reinforcement applications as
detailed in comparative example 2 were manufactured and transversally stretched (tenter) in the

same way as described in examples 1 and 2.

After calender to the determined thickness a binder was applied to the intermediate stretched
nonwoven material, the nonwoven material was subsequently dried in a drum at an elevated tem-
perature for complete consolidation of the binder. The chemical binder dispersions for the example

nonwoven materials were based on styrol/butadien "SBR".
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Example 5a Example 5b

PET base fiber titer: 4 dtex 4 dtex
Area weight 250 g/m? 250 g/m?
(final reinforcement fabric):

Stretch ratio: 15% 20%
Ratio MD/CD 1,3 1,15
Binder SBR (pure base) | SBR (pure base)
Binder weight fraction 17 % 17 %
Calender temperatur 150 °C 150 °C
Spunbond mat width: 1870 mm 1870 mm
(machine setting 1980 mm)

Table 12: Process parameter and material characteristics of nonwoven material example 5

Example 6

A bitumen roofing membrane was manufactured using a nonwoven material according to the inven-
tion as a reinforcement mat. An amount of bitumen of 93 wt % was added to a nonwoven material
according to the invention with an area weight of 250 g/m? as to example 5b, to manufacture a 5
mm thick bitumen roofing sheet material. The bitumen was applied at a soaking temperature of be-
tween 160 up to 200 degrees Celsius. The bitumen membranes have a typical weight between 2

kg/m? and 6 kg/m? at a thickness of between 3 mm to 5 mm.

The Thermal Dimensional Stability (TDS) at 80 Celsius / 1 day and the retraction force have been
measured. '

The test procedure for Thermal Dimensional Stability included the following steps:

Five (5) test pieces were punched out over the width of the bitumen membranes each of the 5 test
pieces having a size of 250 mm x 50 mm. At the longitudinal ends of the test pieces staples were
inserted as measuring points at a distance of approx. 200 mm. The distance between the staples
was measured to the accuracy of 1/100 mm. The test pieces were stored for 24 hours at 80°C in a
drying oven and subsequently cooled for a minimum of 1 hr. at 20°C. The distance between the
staples was again measured to the accuracy of 1/100 mm. Table 13 shows the results of the meas-

urements:
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Sample No. Distance Distance Difference
(starting value) (after 24 Std./80°C) %
1 202.24 mm 201.3 mm -0.60
2 201.36 mm 200.14 mm - 0.61
3 202.68 mm 201.24 mm -0.71
4 201.14 mm 200.09 mm -0.52
5 202.78 mm 201.47 mm -0.65
average -0.62
Table 13: Results of test for thermal dimensional stability of bituminous roofing membrane of

example 6

The test procedure for retraction force measurements included the foliowing steps: Five (5) test

pieces were punched out over the width of the bitumen membranes; each of the 5 test pieces hav-
ing a size of 250 mm x 50 mm. The bitumen was removed using a hot air gun. The test pieces was
clamped in a test apparatus. The test pieces with the clamping apparatus was put into a measuring

oven, the oven was heated and the retraction forceé was measured at 200 after 5 min.

It is known that a retraction force of greater than 10 N/5¢cm and/or a shrinkage of more than 0.5 %
along the width of the reinforcement fabric can lead to buckling. For retraction force values above
2.6 N/2.5cm, the risk of failure of the roofing membrane significantly increases, as the holding

bounding force between the bitumen matrix and the fibre spunbond could then be exceeded. As a

result a partial delamination may occur.

The samples of the bitumen membrane according to the invention all show a thermal shrinkage of
less than 0.5 % thus fulfilling the requirements to avoid buckling. The samples also have a retrac-
tion force between 0 and 2.5 N/2,5 cm which is desirable to avoid both buckling and delamination.
Such defects are not acceptable for use in a bituminous membrane and can be avoided by using

the nonwoven material according to the invention as a base interlay.

Specific details are given in the description to provide a thorough understanding of the embodi-
ments. However, it will be understood by one of ordinary skill in the art that the embodiments may
be practiced without these specific details. For example, well-known structures and techniques

 have been shown without unnecessary detail in order'to avoid obscuring the embodiments. This
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description provides ei(ample embodiments only, and is not intended to limit the scope, applicabil-
ity, or configuration of the invention. Rather, the preceding description of the embodiments will pro-
vide those skilled in the art with an enabling description for implementing embodiments of the in-
vention. Various changes may be made in the function and arrangement of elements without de-

parting from the spirit and scope of the invention.
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Claims

A nonwoven material for a roofing product comprising
a spunbond nonwoven of polyester filaments,

the polyester filaments having an individual titer in the range between 1 and 16 dtex,

‘the nonwoven material having

o a ‘weight per unit area of between 100 and 350 g/m?,

o a specific tensile strength in machine direction (MD) between 0.3 daN m%5cm g to
0.45 daN m?/5cm g and

o a specific tensile strength in cross direction (CD) between 0.20 daN m?5cm gto
0.35 daN m?5cm g,

characterized in that

the nonwoven material is obtainable by a method comprising the steps of

providing an intermediate bonded nonwoven material by spinning of polyester filaments,
moving the bonded nonwoven via belt transportation along a longitudinal path onto or into a
stretching device, »
stretching the nonwoven in a cross direction (CD) perpendicular to the machine direction by
15 % - 40 %
and wherein the tensile strength ratio of the specific tensile strength MD to the specific ten-
sile strength CD, i.e. the MD/CD ratio, |

o is between 1 and 1.5 for area weights of between 100 and up to 130 g/m?,

o is between 1 and 1.4 for area weights of between more than 130 and up to 160
g/m?,
. o is between 1 and 1.3 for area weights of between more than 160 and up to 200
g/m?,
o is between 1 and 1.25 for area weights of between more than 200 and up to
+ 250 g/m? and
o is between 1 and 1.2 for area weights of between more than 250 and up to 350
g/m?,

The nonwoven material of claim 1, wherein the area weight of the nonwoven after crossly
stretching is between 2- 10 % lower than the area weight of the honwoven before crossly
stretching and the tensile strength in machine direction (MD) of the nonwoven after crossly
stretching is between 1 % to 5 % lower than the area weight of the nonwoven before crossly

stretching.
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The nonwoven material of claim 1 or claim 2, wherein the nonwoven material consists of
melt-spinnable polyesters and the polyesters consist of at least 85 mol % polyethylene ter-
ephthalate (PET), preferably the polyesters consist of at least 95 mol % of polyethylene ter-
ephthalate.

The nonwoven material of claim 1 wherein the Thermal Dimensional Stability (TDS)of the

bonded nonwoven is below 1.7%.
The nonwoven material of claim 1 wherein the MD/CD ratio is between 1 and 1.3.

The nonwoven material of claim 1 further comprising glass fibers with a titer of between 20
tex and 150 tex spun into the nonwoven and alternatively, or in addition, comprises a glass

roving having a titer in between 15 tex to 70tex incorporated into the nonwoven material.

The nonwoven material of claim 1 further comprising a duroplastic binder applied to the

nonwoven material.

The nonwoven material of claim 7, the method further comprising the steps of:

- calendering the nonwoven to a thickness between 0.5 mm to 2.0 mm at a temperature be-
tween 120°C and 200°C and

- applying a binder

- consolidating the nonwoven material at a temperature between 150°C and 240°C.

A method of manufacturing a polyester nonwoven material as to the claims 1 to 8 suitable

for use as a base interlining in sarking, roofing, or coated sealing membrane comprising the

steps of:

a. providing an intermediate bonded nonwoven material by spinning of polyester filaments,

b. moving the bonded nonwoven via belt transportation along a longitudinal path onto or
into a stretching device,

c. stretching the nonwoven in a cross direction (CD) perpendicular to the machine direction
by 5 % to 40 %,

d. calendering the nonwoven to a thickness between 0.5 mm to 2.0 mm at a temperature
between 120°C and 200°C and

e. applying a binder,

f. consolidating the honwoven material at a temperature between 150°C and 240°C.
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10.

11.

12.

13.

14.

15.

A method for manufacturing a polyester nonwoven material aécording to claim 9 character-
ized in that the nonwoven material is stretched in a direction perpendicular (CD direction) to
the machine direction until
o the tensile strength ratio of the specific tensile strength MD to the specific tensile
strength CD, i.e. the MD/CD ratio, is between 0.9 and 2.0 upon nominal cross
stretching of 5% to 40%,
o the area weight of the nonwoven after crossly stretching is between 2- 15 %
lower than the area weight of the nonwoven before crossly stretching and
o the tensile strength in machine direction (MD) of the nonwoven after crossly
stretching is between 1 % to 5 % lower than the tensile strength MD of the

nonwoven before crossly stretching.

A method for producing a reinforced polyester nonwoven material according to claim 9
further comprising:

e spinning glass fibers as reinforcing fibers into the intermediate nonwoven material
before bonding, the glass fibers having a titer of between 20 tex and 150 tex and/or
incorporating a glass roving having a titer in between 15 tex to 70tex into the nonwo-
ven before step b. and

¢ bonding the reinforcing fibers and/or the glass roving into the nonwoven material.

A bituminous roofing product comprising a nonwoven material according to any of the claims
1 to 8 as a roofing reinforcement material characterized in that the roofing product is a bitu-

minous roofing membrane.

A bituminous roofing product of claim 12 characterized in that bituminous roofing mem-
branes have an thermal dimensional stability (TDS) below 1.5%, preferably below 1.0%,
more preferably below 0.5% and particularly preferred below 0.1 % in MD and /or in cross

direction.

A bituminous roofing product of claim 12 characterized in that bituminous roofing mem-
branes have retraction force which is below 2.5 N/5cm.

A bituminous roofing product of claim 12 characterized in that the nonwoven roofing rein-

forcement material is embedded in a bitumen matrix, the bitumen part by weight of the
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weight per unit area of the bituminized roofing membrane being preferably 60 to 97 wt %

and of the nonwoven being 3 to 40 wt % and having a thickness between 3 mm to 5mm..

16.  Use of a nonwoven material according to any of the claims 1 to 8 as a reinforcement mate-

rial for roofing material, preferably for bituminous roofing membranes.

17.  Use of a nonwoven material according to any of the claims 1 to 8 as a base interlining in

sarking, roofing, or coated sealing membrane.
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MD/CD Unstretehed Fabrie - various manufacturing lines
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