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BONDED MINERAL FIBRE PRODUCT HAVING HiGH FIRE
AND PUNKING RESISTANCE

Field of the Invention

The present invention relates to a bonded mineral fibre product having high fire
resistance in accordance with Class A1 of Standard EN 13501-1 as well as improved

punking resistance, and to a method of producing said bonded minerat fibre product.

Backarocund of the Invention

Mineral fibre products generally comprise man-made vitreous fibres (MMVF) such as,
e.g., glass fibres, ceramic fibres, basalt fibres, slag wool, mineral wool and stone
wool, which are bonded together by a cured thermoset polymeric binder material For
use as thermal or acoustical insulation products, bonded mineral fibre mats are
generally produced by converting a melt made of suitable raw materials to fibres in
conventional manner, for instance by a spinning cup process or by a cascade rotor
process. The fibres are blown into a forming chamber and, while airborne and while
stilt hot, are sprayed with a binder sclution and randomly deposited as a mat or web
onto a travelling conveyor. The fibre mat is then transferred to a curing oven where
heated air is blown through the mat to cure the binder and rigidly bond the mineral

fibres together.

For the production of high-density mineral fibre products, e.g., walkable roofing
boards for flat roofs, the binder-loaded mats are compressed, optionally after having

been pleated to a multi-layer composite, and cured in a curing oven.

In the past, the binder resins of choice have been phenol-formaldehyde resins which
can be economically produced and can be extended with urea prior to use as a
binder. However, the existing and proposed legislation directed to the lowering or
elimination of formaldehyde emissions have led to the development of formaldehyde-

free binders such as, for instance, the binder compositions based on polycarboxy
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polymers and polyols or polyamines, such as disclosed in EP-A-583086, EP-A-
990727, EP-A-1741726, US-A-5,318,990 and US-A-2007/0173588

Another group of non-phenocl-formaldehyde binders are the addition/-elimination
reaction products of aliphatic and/or aromatic anhydrides with alkanolamines, e g, as
disclosed in WO 99/36368, WO 01/05725, WO 01/96460, WO 02/06178, WO
2004/007615 and WO 2006/061249. These binder compositions are water soluble
and exhibit excelient binding properties but may require expensive starting materials
and, in particular, a high proportion of expensive anhydride reactants in order to
achieve the desired water solubility, curing speed and curing density. Several of the
above-mentioned patent publications therefore suggest the use of cheaper
carbohydrates, for instance, starch or sugar, as additives, extenders or as reactive

components of the binder system.

The use of carbohydrates in mineral wool binder systems is however often
accompanied by impaired fire characteristics. For instance, during production of high-
density mineral fibre products in production lines with reduced cooling zone capacity
a phenomenon which has been described as punking may occur. Punking is a term
of art used to denote the comparatively rapid flameless oxidation of the binder with a
concomittant self-reinforcing generation of heat caused by an exothermic process
initiated by hot spots (melt splashes or glowing coke pieces). Odors and fumes given
off by such thermal decompositon are offensive, potentially hazardous and are
capable of discoloring and staining adjacent materials. Furthermore, punking may be
associated with exothermic reactions which increase temperatures through the
thickness of the insulation causing a fusing or devitrification of the mineral fibres and
eventually creating a fire hazard. In the worst case, punking causes fires in the
stacked pallets stored in warehouses or during transportation.

A further disadvantage associated with the use of carbohydrates in mineral wool
binder systems is the difficulty in obtaining highly fire resistant mineral wool products,
in particular, bonded mineral fibre products that satisfy the requirements of Class A1
of Standard EN 13501-1.
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Summary of the Invention

An object of the present invention is to provide a bonded mineral fibre product that,
despite the use of a sugar component as part of the hinder system, exhibits high fire
resistance in accordance with Class A1 of Standard EN 13501-1 as has improved

anti-punk properties.

Thus, in a first aspect, the present invention relates to a bonded mineral fibre product
exhibiting high fire resistance in accordance with Class A1 of Standard EN 13501-1
as well as improved punking resistance comprises man-made vitreous fibres (MMVF)
bound by a cured binder composition, the non-cured binder composition comprising
(a)  asugar component, and either

(b)  a polycarboxylic acid component and an alkanolamine, or

(©) a reaction product of a polycarboxylic acid component and an alkanolamine,
or

(d) a combination of {b} and (c},

the amount of sugar component (a) being within the range of 42 to 72 percent by

weight, based on the total weight (dry matter) of the binder components.

In a further aspect, the present invention relates to a method of producing a bonded
mineral fibre product exhibiting high fire resistance in accordance with Class A1 of
Standard EN 13501-1 as well as improved punking resistance, said method
comprising the steps of:

contacting man-made vitreous fibres ((MMVF) with an aqueous binder composition
which comprises

(a)  asugar component, and either

(b)  a polycarboxylic acid component and an alkanolamine, or

(c) a reaction product of a polycarboxylic acid component and an alkanclamine,
or

(d)  acombination of (b} and (c),

the binder composition comprising 42 to 72 percent by weight of sugar component
(a), based on the total weight (dry matter) of the binder components,

and curing the binder composition to form a bonded mineral fibre product
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In accordance with another aspect, the present invention relates to the use of a
binder composition for improving the fire resistance and anti-punk properties of a
bonded mineral fibre product, said binder composition comprising:

(a) a sugar component, and either

(b)  a polycarboxylic acid component and an alkanolamine, or

(c) a reaction product of a polycarboxylic acid component and an alkanclamine;
or

(d)  acombination of (b) and {c),

the binder composition comprising 42 to 72 percent by weight of sugar component

(a), based on the total weight (dry matter) of the binder components..

Detailed Description and Preferred Embodiments

The bonded mineral fibre product in accordance with the present invention comprises
man-made vitreous fibres (MMVF) bound by a cured binder composition, the non-
cured binder composition comprising

(a)  asugar component, and either

(b}  a polycarboxylic acid component and an alkanolamine, or

(c) a reaction product of a polycarboxylic acid component and an alkanolamine,
or

(d}  a combination of (b) and {c),

the amount of sugar component (a) being within the range of 42 to 72 percent by

weight, based on the total weight (dry matter) of the binder components.

Sugar component (@)

The sugar component (a) employed in accordance with the present invention is

preferably selected from sucrose and reducing sugars or mixtures thereof.

A reducing sugar is any sugar that, in solution, has an aldehyde or a ketone group
which allows the sugar to act as a reducing agent. In accordance with the present
invention, reducing sugars may be used as such or as a carbohydrate compound that

yields one or more reducing sugars in situ under thermal curing conditions. The
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sugar or carbohydrate compound may be a monosaccharide in ifs aldose or ketose
form, a disaccharide, a triose, a tetrose, a pentose, a hexose, or a heptose; or a di-,
oligo- or polysaccharide; or combinaticns thereof, Specific examples are glucose (=
dextrose), starch hydrolysales such as corn syrup, arabinose, xylose, ribose,
galactose, mannose, fructose, maltose, lactose and invert sugar. Compounds such
as sorbitol and mannitol, on the other hand, which do not contain or supply aldehyde

or ketone groups, are less effective in the instant invention.

Crystalline dextrose is normally produced by subjecting an agueous slurry of starch
to hydrolysis by means of heat, acid or enzymes Depending on the reaction
conditions employed in the hydrolysis of starch, a variety of mixtures of glucose and
intermediates is obtained which may be characterized by their DE number. DE is an
abbreviation for Dextrose Equivalent and is defined as the content of reducing
sugars, expressed as the number of grams of anhydrous D-glucose per 100 g of the
dry matter in the sample, when determined by the method specified in International
Standard 1SO 5377-1881 (E). This method measures reducing end groups and

attaches a DE of 100 to pure glucose (= dextrose) and a DE of 0 to pure starch.

Only glucose syrup of high DE can crystallise easily and yield a product in powder or
granular form. A most popular crystallised product is dextrose monchydrate with
application in medicine and chewing tablets. Dextrose monchydrate is pure glucose
(DE 100).

With lower DE numbers, the syrup gradually loses its tendency to crystallise. Below
approx. 45 DE, the syrup can be concentrated into a stable, non-crystallising liquid,
for instance, Standard 42 DE syrup which finds wide spread use in canned fruit
preserves, ice cream, bakery products, jam, candy, and all kinds of confectionery.

A preferred sugar component for use in the present invention is a reducing sugar
having a dextrose equivalent DE of 40 to 100, preferably 50 to 100, more preferably
86 to 100, and most preferably 80 to 100. Particularly preferred reducing sugar
components are dextrose, high DE glucose syrup, high-fructose syrup and mixtures

thereof.
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The requirements of a binder system suitable for binding a mineral fibre product so
as to provide an adequate product and process for making such a product are many

and varied in terms of physical parameters, some of which are explained below

The viscosity and the content of large polymers in a sugar syrup generally may
decrease with an increasing DE value. A large content of polymers should preferably
be avoided for a mineral wool binder because this will provide a more sticky binder
resulting in stickiness of the formed mineral wool mat or binder-containing web to the
manufacturing equipment such as e.g the forming chamber walls, the travelling

conveyors, rollers and pendulums.

The solubility of the binder solution containing a sugar syrup may increase with
increasing DE value The binder solution must be sufficiently water soluble to provide
a homogenous distribution of the binder on the mineral fibres making up the mineral

wool mat or web to be cured.

On the other hand, a sugar syrup will generally result in a browning which is more
pronounced with increasing DE value, thus leading to unwanted aesthetical
appearance for a mineral wool product containing a binder system with sugar syrups,
at least for some applications of the mineral wool product. Sugar syrups with too high
DE will also have a tendency to add to the boiling point elevation effect of the binder
compared to low DE sugar syrups. The binder composition for a mineral wool web
should preferably not have too high a boiling point since this will lead to an increase
in curing time and thus result in higher curing temperatures and/or a physically longer
curing oven length to provide a longer curing time.

The aqueous binder compaosition containing a sugar component will lower the water
activity when increasing the DE value for the sugar syrup, and one of the effects of a
low water activity may be that the binder is susceptible to moisture migration. This
may create an unwanted uptake of moisture in the binder droplets in the uncured

mineral wool web.
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For commercial and practical reasons (availability), dexirose and sucrose are the
most preferred sugar components in the present invention. However, other sugar
components such as those described below are also suited for the purposes of the

present invention.

Crude hvdrolysate from starch-based glucose refining and freated crude hydrolysate

from starch-based glucgse refining

An example of a typical commercial process involving acidic hydrolysis comprises
adding an acid such as hydrochloric acid to a water slurry of starch (purified starch
milk) in order to acidify it before cooking. The acidified slurry' is then heated to the
desired liquefaction temperature and kept at that temperature until the required
degree of hydrolysis has been obtained. The combination of reaction time,
temperature and concentration of acid controls the degree of hydrolysis After
neutralisation of the acid, the crude hydrolysate may be filtered and refined by means
of activated carbon and/or ion exchange in order to remove impurities, discoloration
and by-products formed during the hydrolysis and to give a so-called treated crude
hydrolysate. Depending on raw material and end product requirements, various
filtration steps, active carbon treatment steps and ion exchange steps for deionisation
etc. may be added to the process. Any sequence of refining steps may be employed,
for instance, (1) filtration / ion exchange/ carbon treatment; (2) filtration / carbon
treatment / ion exchange; and for very high quality (3) filtration / carbon treatment /

icn exchange / carbon treatment.

Treatment of the crude hydrolysate may lead to a sugar syrup such as a high DE

corn syrup (a high DE glucose syrup) having a DE of from 55 to 70.

In certain instances, however, for instance, if the further reaction of the sugar
component (a) requires an additional nitrogen source as a reactant, it may be
preferable to employ the sugar syrup (a) without any prior removal of proteins and/or
oils through refining. For instance, in a specific embodiment only ions (salts) are

removed from the crude hydrolysate by ion exchange using cationic and/or anionic
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resins resulting in an embodiment of a treated crude hydrolysate from the starch-

based glucose refining.

Hydrolysis with acid catalysts allows the manufacture of intermediate conversion
products ranging from 35-55 DE. Intermediate and higher conversion products with
DE from 28 up to 98 can be made by substituting acid with enzymes. This is typically
done in a two-step process. For the first step (liquefaction), thermo-stable a-amylase,
or acid is used. After cooling and pH adjustment, a saccharification enzyme such as
amyloglucosidase is employed Except for a different holding time, pH and
temperature, the processes are in principle the same, regardless of the catalyst.
However, enzymes and acid break down the starch differently, resulting in different

sugar composition of identical DE.

High fructose syrups are produced from refined high DE dextrose syrups in an
enzymatic process using isomerase immobilised on a resin which enzymatically
converts glucose to fructose. These syrups are conventionally referred to as HFSS
and are also suitable sugar components which may, for instance, be provided with a
DE around 55

Molasses

In ancther specific embodiment of the present invention, molasses is employed as a
carbohydrate compound that yields one or more reducing sugars upon treatment with

acids such as, e.g, sulphuric acid.

The term "molasses” as used herein generically embraces many types of molasses
with varied sugar content and sugar type and other constituents making up the
molasses. Sugar cane and beet molasses products are by far the most common

types. Molasses have a typical total solids content of 60-80% by weight.

in order to obtain a bonded mineral fibre product exhibiting high fire resistance in

accordance with Class A1 of Standard EN 13501-1 as well as improved anti-punk
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properties, the sugar component (a) must be emplioyed in critical proportions.
Generally, the non-cured binder composition comprises 42 to 72 percent by weight,
preferably 45 to 70 percent by weight, for instance, 48 to 68 percent by weight, and
more preferably 50 to 65 percent by weight of sugar component (a), based on the

total weight (dry matter) of the binder components.

Polycarboxylic acid component

The polycarboxylic acid component is generally selected from dicarboxylic,
tricarboxylic, tetracarboxylic, pentacarboxylic, and like polycarboxylic acids, and

anhydrides, salts and combinations thereof.

Preferred polycarboxyl acid components employed as starting materials for reacting
with the other binder components are carboxylic anhydrides. The carboxylic
anhydride starting material may be selected from saturated or unsaturated aliphatic
and cycloaliphatic anhydrides, aromatic anhydrides and mixtures thereof, saturated
or unsaturated cycloaliphatic anhydrides, aromatic anhydrides and mixtures thereof
being preferred. In a particularly preferred embodiment of the invention, two different
anhydrides selected from cycloaliphatic and/or aromatic anhydrides are employed.

These different anhydrides are preferably reacted in sequence.

Specific examples of suitable aliphatic carboxylic anhydrides are succinic anhydride,
maleic anhydride and glutaric anhydride. Specific examples of suitable cycloaliphatic
anhydrides are tetrahydrophthalic anhydride, hexahydrophthalic anhydride,
methyltetrahydrophthalic anhydride and nadic anhydride, i.e. endo-cis-bicyclo[2.2.1}-
5-heptene-2,3-dicarboxylic anhydride. Specific examples of suitable aromatic
anhydrides are phthalic anhydride, methylphthalic anhydride, trimellitic anhydride and

pyromellitic dianhydride.

In the above embodiment employing two different anhydrides, a combination of
cycloaliphatic anhydride and aromatic anhydride is particularly preferred, e.g. a
combination of tetrahydrophthalic anhydride (THPA) and frimellitic anhydride (TMA).

The molar ratio of cycloaliphatic anhydride to aromatic anhydride is preferably within
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the range of from 0.1 to 10, more preferably within the range of from 0.5 to 3. Curing
tests with the system THPA/TMA have surprisingly shown that a lower molar ratio of

THPA to TMA results in a higher curing speed.

If appropriate, an additional polycarboxylic acid may be employed in the reaction and
is preferably added to the reaction mixture before addition of the anhydride reactant.
Specific examples of such additional polycarboxylic acids are adipic acid, aspartic
acid, azelaic acid, butane fricarboxylic acid, butan tetracarboxylic acid, citraconic
acid, citric acid, fumaric acid, glutaric acid, itaconic acid, maleic acid, malic acid,
mesaconic acid, oxalic acid, sebacic acid, succinic acid, tartaric acid and trimesic

acid.
Alkanoclamine

In the preparation of the binder composition according to the present invention, an
alkanolamine is used. Preferred alkanolamines for use in the preparation of binder
composition are alkanolamines having at least two hydroxy groups such as, for

instance, alkanolamines represented by the formula

R?
|
R'—N—R’
wherein R' is hydrogen, a Cy.1 alkyl group or a Ci.19 hydroxyalkyl group; and R? and
R® are Ci.o hydroxyalkyl groups. Preferably, R? and R’ independently are Cas
hydroxyalkyl groups, and R'is hydrogen, a Ci.s alkyl group or a C,.s hydroxyalkyl
group. Particularly preferred hydroxyalkyl groups are B-hydroxyalkyl groups.

Specific examples of suitable alkanolamines are monoethanclamine, diethanclamine,
triethanolamine, diisopropanolamine, triisopropanolamine, methyldiethanclamine,
ethyldiethanol-amine, n-butyldiethanolamine, methyldiisopropanclamine, ethyl-
isopropanolamine, ethyldiisopropanolamine, 3-amino-1,2-propanediol, 2-amino-1,3-
propanediol, aminoethylethanolamine and  tristhydroxymethyl)aminomethane,

Diethanolamine is the currently preferred alkanolamine.
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Reaction product of polycarboxylic acid component and alkanolamine

In accordance with a specific embodiment of the present invention, the binder
composition comprises a water-soluble reaction product of a polycarboxylic acid
component and an alkanolamine, A particularly preferred embodiment of that type
comprises using the water-soluble reaction product of at least one carboxylic

anhydride and at |least one alkanolamine.

The proportion of the alkanolamine and carboxylic anhydride reactants is preferably
selected such that the ratio of equivalents of amine plus hydroxy groups (NH+OH) to
equivalents of carboxy groups (COOH) is at least 0.4, more preferably at least 0.6.

On the other hand, the properties of the final binder composition, such as curing
behaviour, durability and humidity resistance are determined by the total ratio of
reactive groups present. Therefore, for optimum performance, the ratio of equivalents
of amine plus hydroxy groups (NH+OH) to equivalents of carboxy groups (COOH) in
the final binder composition is preferably adjusted to 2.0 or less, more preferably to
1.7 or less. In general, the final binder composition has an equivalent ratio of
(NH+OH) / (COOH) within the range of from 1.25to 155

The reaction between the alkanolamine and carboxylic anhydride reactants is carried
out in the usual manner, for instance, as described in WO 99/36368, WO 01/05725,
WO 02/06178, WO 2004/007615 and WO 2006/061249 .

The reaction temperature is generally within the range of from 50°C to 200°C. |n a
preferred embodiment and, in particular, when two different anhydrides are
employed, the alkanolamine is first heated to a temperature of at least about 40°C,
preferably at least about 60°C, whereafter the first anhydride is added and the
reaction temperature is raised to at least about 70°C, preferably at least about 95°C
and more preferably at least about 125°C, at which temperature the second
anhydride is added to the reaction mixiure when substantially all the first anhydride
has dissolved and/or reacted. Increasing the reaction temperature from 70-95°C to

CA 2805563 2018-04-13
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100-200°C allows a higher conversion of monomers to cligomers. In this case, a

preferred temperature range is 105-170°C, more preferably 110-150°C.

If water is added after the first anhydride has reacted, either together with the second
anhydride or before addition of the second anhydride or at the end of the reaction, in
an amount to make the binder easily pumpable, a binder having an increased
molecular weight (compared to water addition from the start) is obtained which still
has a desired pumpability, viscosity, and water dilutability and contains less

unreacted monomers.

In order to improve the water solubility and dilutability of the binder, a base may be
added up to a pH of about 8, preferably a pH of between about 5-8, and more
preferably a pH of about 6, Furthermore, the addition of a base will cause at least
partial neutralization of unreacted acids and a concomittant reduction of
corrosiveness. Normally, the base will be added in an amount sufficient to achieve
the desired water solubility or dilutability. The base is preferably selected from volatile
bases which will evaporate at or below curing temperature and hence will not
influence curing. Specific examples of suitable bases are ammonia (NH;) and organic
amines such as diethanolamine (DEA) and friethanclamine (TEA). The base is
preferably added to the reaction mixture after the reaction between the alkanol amine

and the carboxylic anhydride has been actively stopped by adding water.

Other Components of Binder Composition

The binder compositions according to the present invention may additionally
comprise one or more conventional binder additives. These include, for instance,
curing accelerators such as, e g., B-hydroxyalkylamides; the free acid and sait forms
of phosphoric acid, hypophosphorous acid and phosphonic acid. Other strong acids
such as boric acid, sulphuric acid, nitric acid and p-toluenesulphonic acid may also
be used, either alone or in combination with the just mentioned acids, in particular
with phosphoric, hypophosphorous acid or phosphonic acid. Other suitable binder
additives are silane coupling agents such as y-aminopropyltriethoxysilane; thermal

stabilizers; UV stabilizers; emulsifiers;, surface active agents, particularly nonionic
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surfactants; biocides; plasticizers; anti-migration aids; coalescents; fillers and
extenders such as starch, clay, silicates and magnesium hydroxide; pigments such
as titanium dioxide; hydrophobizing agents such as fluorinated compounds, mineral
oils and silicone oils; flame retardants; corrosion inhibitors such as thiourea;

antifoaming agents; antioxidants; and others.

These binder additives and adjuvants may be used in conventional amounts
generally not exceeding 20 wt% of the binder solids. The amount of curing
accelerator in the binder composition is generally between 0.05 and 5 wt. %, based

on solids.

The final aqueous binder composition generally has a solids content of from 1 to 20

wt.% and a pH of 6 or greater.

Mineral fibre product

The mineral fibres employed may be any of man-made vitreous fibres (MMVF), glass
fibres, ceramic fibres, basalt fibres, slag fibres, rock fibres, stone fibres and others.
These fibres may be present as a wool product, e g. like a rock wool product. The
fibres may have such chemical compositions that enable them to meet the fire

classification A1 by virtue of their inherent characteristics when exposed to heat.

Suitable fibre formation methods and subsequent production steps for manufacturing
the mineral fibre product are those conventional in the art. Generally, the binder is
sprayed immediately after fibrillation of the mineral melt on to the airborne mineral
fibres. The aqueous binder composition is normally applied in an amount of 0.1 to 10
%, preferably 0.2 to 8 % by weight, of the bonded mineral fibre product on a dry
basis.

The spray-coated mineral fibre web is generally cured in a curing oven by means of a
hot air stream. The hot air stream may be introduced into the mineral fibre web from
below, or above or from alternating directions in distinctive zones in the length

direction of the curing oven.
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Typically, the curing oven is operated at a temperature of from about 150°C to about
350°C. Preferably, the curing temperature ranges from about 200 to about 300°C.
Generally, the curing oven residence time is from 30 seconds to 20 minutes,

depending on, for instance, the product density.

If desired, the mineral wool web may be subjected to a shaping process before
curing. The bonded mineral fibre product emerging from the curing oven may be cut
to a desired format e g, in the form of a batt Thus, the mineral fibre products
produced may, for instance, have the form of mats, batts, slabs, sheets, plates,
strips, rolls, granulates and other shaped articles. In accordance with the present
invention, it is also possible to produce composite materials by combining the bonded
mineral fibre product with suitable composite layers or laminate layers such as, e.g.,

metal, glass surfacing mats and other woven or non-woven materials.

The mineral fibre products according to the present invention generally have a

density within the range of from 10 to 250 kg/m®, preferably 20 to 200 kg/m®,

The organic content (OC) is generally within the range of from 025 to 14 kg/m?®,
preferably 1 to 10 kg/m®, more preferably 3 to 10 kg/m?"

The mineral fibre products generally have a loss on ignition (LOI) within the range of
0.310 7.0 %, preferably 05t0 6.0 %.

A particular group of mineral fibre products according to the present invention are
low-density glass wool rolls which normally are susceptible to punking because of the

extreme degree of compression in the packages.

Another particularly preferred mineral fibre product according to the present invention
is a high-density roofing board for flat roofs. Such walkable roofing boards generally

have a density within the range of from 80 to 300 kg/m*.
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There are essentially two types of roofing boards for flat roof use: mono density and
dual density roofing boards such as disclosed, e.g., in EP-A-889981 and EP-A-
1456444 .

In preferred dual density roofing boards, the mineral fibre batts include an upper layer
having a density of 100 to 300 kg/m®, often around 120 to 250 kg/m®, and a lower
layer with a density which is usually not more than 80% but usually more than 30% of
the density of the upper layer, often around 40 to 70% of the density of the upper
layer. Usually, the upper and lower layers in the final product have a thickness of 30
to 300 mm. The lower layer is usually 25 to 275 mm thick and is usually at least 75
mm thick. Generally, it is at least 50%, and often 75 to 95%, of the combined

thickness of the upper and lower layers

The bonded mineral fibre products according to the present invention are also
suitable as insulating boards for flat roofs such as disclosed, e.g., in EP-A-1803862,
which may be used for flat roof construction by placing them on steel sheet profiles.

The bonded mineral fibre products produced in accordance with the present
invention exhibit high fire resistance in accordance with Class A1 of Standard EN
13501-1 as well as improved anti-punk properties. The punking test method
employed in the present invention comprises heating a metal cylinder of 30 mm
diameter and 36 mm length to 900°C and placing it in the centre of a 300 x 300 x 300
mm mineral wool cube. The temperature in the mineral wool at a distance of 50, 75
and 100 mm from the centre as well as the temperature of the metal cylinder are
measured. Punking is observed if one or more of the temperatures in the mineral
wool at any time are higher than the temperature of the metal cylinder at the same

time.
The following examples are intended to further illustrate the invention without limiting

its scope. In this application, the solids content (dry matter) is determined at 200 °C,

1 hour and expressed as wt. %

CA 2805563 2018-04-13
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Examples

Preparation of binder component resin B1

158 g of diethanolamine (DEA) are placed in a 1-litre glass reactor provided with a
stirrer and a heating/cooling jacket. The temperature of the diethanolamine is raised
to 80°C whereafter 91 g of tetrahydrophthalic anhydride (THPA) are added. After
raising the temperature and keeping it at 130°C, a second portion of 46 g of
tetrahydrophthalic anhydride is added followed by 86 g of trimellitic anhydride (TMA).
After reacting at 130°C for 1 hour, the mixture is cooled to 95°C and 210 g of water
added and the mixture stirred for 1 hour. After cooling to ambient temperature, the
obtained resin is ready for use.

The solids content of the binder was measured as 58 %.

Larger amounts of the binder component resin B1 were prepared for the binder

compositions following the above procedure.

Preparation of binder compositions

The binder compositions in Table 1 were made by mixing the components in the litre
amounts stated in the table, resulting in the relative amount of solid weight of the
components along with the stated percentage amounts. All percentages are given as
wt.% dry matter.

All binders were mixed with a standard silane (gamma-aminopropyltriethoxysilane) in
an amount of 1.4% of the total solids. Hypophosphorous acid was also added in an
amount of 2% of the binder resin component B1 Finally, the binders were diluted
with water to 15% to 20% solids and further diluted before use.

Preparation of products

These binders were used in the test production of several types of mineral fibre
products, namely Duorockand DP-GF®(Dachplaﬁe—Grossformat), both two-ply, dual-

CA 2805563 2018-04-13
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®
density products for flat roof insulation; A-Tagplade, a mono-ply product for flat roof

insulation; and Klemmrock'a flexible, low-density product for insulation between the

rafters.

The binders were used by spraying the binder solutions through nozzles near a
cascade rotor apparatus into the formed cloud of fibres in the forming chamber. The
coated fibres were collected on transport conveyors and transferred into a curing

oven for a curing time of 5-15 minutes at a curing temperature of 275°C

The products shown in Table 1 were tested for fire classification and punking
characteristics along with measuring the Loss on Ignition (LOI), organic content and

density.

CA 2805563 2018-04-13
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CLAIMS:

1. A bonded mineral fibre product exhibiting high fire resistance in accordance
with Class A1 of Standard EN 13501-1 as well as improved punking
resistance, said mineral fibre product comprising man-made vitreous fibres
(MMVF) bound by a cured binder composition, the non-cured binder
composition comprising
(a) asugar component, and either
(b)  a polycarboxylic acid component and an alkanolamine, or
(c) a reaction product of a polycarboxylic acid component and an

alkanolamine, or
(d)  acombination of (b) and (c),
the amount of sugar component (a) being within the range of 42 to 72 percent
by weight, based on the total weight, dry matter, of the binder components.

2. The mineral fibre product of claim 1, wherein the non-cured binder
composition comprises a sugar component (a) in an amount within the range
of 45 to 70 percent by weight, based on the total weight, dry matter, of the
binder components.

3. The mineral fibre product of claim 1 or claim 2, which has a density within the
range of from 10 to 250 kg/m3.

4. The mineral fibre product of claim 1 or claim 2, which has a density within the
range of from 20 to 200 kg/m3.

5. The mineral fibre product of any one of claims 1 to 4, which has an organic
content within the range of from 0.25 to 14 kg/m3.

CA 2805563 2019-07-10



10.

1.

12.

13.

21

The mineral fibre product of any one of claims 1 to 4, which has an organic
content within the range of from 1 to 10 kg/m3.

The mineral fibre product of any one of claims 1 to 4, which has an organic
content within the range of from 3 to 10 kg/m?.

The mineral fibre product of any one of claims 1 to 7, which has a loss on
ignition (LOI) within the range of 0.3 to 7.0 %.

The mineral fibre product of any one of claims 1 to 7, which has a loss on
ignition (LOI) within the range of 0.5 to 6.0 %.

The mineral fibre product of any one of claims 1 to 9, wherein the sugar
component is selected from sucrose and reducing sugars, and mixtures

thereof.

The mineral fibre product of any one of claims 1 to 9, wherein the sugar
component is selected from hexoses and pentoses, and mixtures thereof.

The mineral fibre product of claim 10 or claim 11, wherein the sugar
component is a reducing sugar having a dextrose equivalent (DE) of 40 to
100.

The mineral fibre product of claim 10 or claim 11, wherein the sugar
component is a reducing sugar having a dextrose equivalent (DE) of 50 to
100.

CA 2805563 2019-07-10
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The mineral fibre product of claim 10 or claim 11, wherein the sugar
component is a reducing sugar having a dextrose equivalent (DE) of 86 to
100.

The mineral fibre product of any one of claims 1 to 14, wherein the
polycarboxylic acid component is selected from dicarboxylic, tricarboxylic,
tetracarboxylic, pentacarboxylic, polycarboxylic acids, anhydrides, salts, and

combinations thereof.

The mineral fibre product of claim 15, wherein the polycarboxylic acid
component is selected from at least one of tetrahydrophthalic acid,
hexahydrophthalic acid, methyltetrahydrophthalic acid, phthalic acid,
methylphthalic acid, trimellitic acid, pyromellitic acid and the corresponding
anhydrides.

The mineral fibre product of claim 16, wherein the polycarboxylic acid
component additionally comprises a polycarboxylic acid selected from adipic
acid, aspartic acid, azelaic acid, butane tricarboxylic acid, butan
tetracarboxylic acid, citraconic acid, citric acid, fumaric acid, glutaric acid,
itaconic acid, maleic acid, malic acid, mesaconic acid, oxalic acid, sebacic

acid, succinic acid, tartaric acid and trimesic acid.

CA 2805563 2019-07-10
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18. The mineral fibre product of any one of claims 1 to 17, wherein the
alkanolamine is selected from monoethanolamine, diethanolamine,
triethanolamine, diisopropanolamine, triisopropanolamine, methyldiethanol-
amine, ethyldiethanolamine, n-butyldiethanolamine, methyldiisopropanol-
amine, ethylisopropanolamine, ethylidiisopropanolamine,  3-amino-1,2-
propanediol, 2-amino-1,3-propanediol, aminoethylethanolamine and tris-

(hydroxymethyl)-aminomethane.

19.  The mineral fibre product of claim 3, which is a roofing board product having a
density within the range of from 80 to 200 kg/m3.

20. A method of producing a bonded mineral fibre product exhibiting high fire
resistance in accordance with Class A1 of Standard EN 13501-1 as well as
improved punking resistance, said method comprising the steps of:

contacting man-made vitreous fibres ((MMVF) with an aqueous binder
composition which comprises
(a) asugar component, and either
(b)  a polycarboxylic acid component and an alkanolamine, or
(c) a reaction product of a polycarboxylic acid component and an
alkanolamine, or
(d) acombination of (b) and (c),
the binder composition comprising 42 to 72 percent by weight of sugar
component (a), based on the total weight, dry matter, of the binder
components, and

curing the binder composition to form a bonded mineral fibre product.
21.  The method of claim 20, wherein the non-cured binder composition comprises

a sugar component (a) in an amount within the range of 45 to 70 percent by

weight, based on the total weight, dry matter, of the binder components.

CA 2805563 2019-07-10
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The method of claim 20 or claim 21, wherein the mineral fibre product has a

density within the range of from 10 to 250 kg/m?.

The method of claim 20 or claim 21, wherein the mineral fibre product has a

density within the range of from 20 to 200 kg/m?.

The method of any one of claims 20 to 23, wherein the mineral fibre product

has an organic content within the range of from 0.25 to 14 kg/m3.

The method of any one of claims 20 to 23, wherein the mineral fibre product

has an organic content within the range of from 1 to 10 kg/m>.

The method of any one of claims 20 to 23, wherein the mineral fibre product

has an organic content within the range of from 3 to 10 kg/m3.

The method of any one of claims 20 to 26, wherein the mineral fibre product

has a loss on ignition (LOI) within the range of 0.3 to 7.0 %.

The method of any one of claims 20 to 26, wherein the mineral fibre product
has a loss on ignition (LOI) within the range of 0.5 t0 6.0 %.

The method of any one of claims 20 to 28, wherein the sugar component is

selected from sucrose and reducing sugars, and mixtures thereof.

The method of any one of claims 20 to 28, wherein the sugar component is

selected from hexoses and pentoses, and mixtures thereof.

CA 2805563 2019-07-10
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The method of claim 29 or claim 30, wherein the sugar component is a

reducing sugar having a dextrose equivalent (DE) of 40 to 100.

The method of claim 29 or claim 30, wherein the sugar component is a

reducing sugar having a dextrose equivalent (DE) of 50 to 100.

The method of claim 29 or claim 30, wherein the sugar component is a

reducing sugar having a dextrose equivalent (DE) of 86 to 100.

The method of any one of claims 20 to 33, wherein the polycarboxylic acid
component is selected from dicarboxylic, tricarboxylic, tetracarboxylic,
pentacarboxylic, polycarboxylic acids, anhydrides, salts, and combinations

thereof.

The method of claim 34, wherein the polycarboxylic acid component is
selected from at least one of tetrahydrophthalic acid, hexahydrophthalic acid,
methyltetrahydrophthalic acid, phthalic acid, methylphthalic acid, trimellitic

acid, pyromellitic acid and the corresponding anhydrides.

The method of claim 35, wherein the polycarboxylic acid component
additionally comprises a polycarboxylic acid selected from adipic acid, aspartic
acid, azelaic acid, butane tricarboxylic acid, butan tetracarboxylic acid,
citraconic acid, citric acid, fumaric acid, glutaric acid, itaconic acid, maleic acid,
malic acid, mesaconic acid, oxalic acid, sebacic acid, succinic acid, tartaric

acid and trimesic acid.

The method of any one of claims 20 to 36, wherein the alkanolamine is
selected from monoethanolamine, diethanolamine, triethanolamine,

diisopropanolamine, triisopropanolamine, methyldiethanol-amine,

CA 2805563 2019-07-10
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ethyldiethanolamine,  n-butyldiethanolamine, = methyldiisopropanol-amine,
ethylisopropanolamine, ethyldiisopropanolamine, 3-amino-1,2-propanediol,
2-amino-1,3-propanediol, aminoethylethanolamine and tris-(hydroxymethyi)-

aminomethane.

38. The method of claim 22, wherein the mineral fibre product is a roofing board

product having a density within the range of from 80 to 200 kg/m?.

39. The use of a binder composition for improving the fire resistance and anti-punk
properties of a bonded mineral fibre product, said binder composition
comprising:

(a) asugar component, and either

(b)  a polycarboxylic acid component and an alkanolamine, or

(c) a reaction product of a polycarboxylic acid component and an
alkanolamine; or

(d)  acombination of (b) and (c),

the binder composition comprising 42 to 72 percent by weight of sugar

component (a), based on the total weight, dry matter, of the binder

components.

40. The use according to claim 39, wherein the non-cured binder composition
comprises a sugar component (a) in an amount within the range of 45 to 70
percent by weight, based on the total weight, dry matter, of the binder

components.

41. The use according to claim 39 or claim 40, wherein the mineral fibre product

has a density within the range of from 10 to 250 kg/m3.

CA 2805563 2019-07-10
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The use according to claim 39 or claim 40, wherein the mineral fibre product

has a density within the range of from 20 to 200 kg/m?3.

The use according to any one of claims 39 to 42, wherein the mineral fibre
product has an organic content within the range of from 0.25 to 14 kg/m®.

The use according to any one of claims 39 to 42, wherein the mineral fibre
product has an organic content within the range of from 1 to 10 kg/m?3.

The use according to any one of claims 39 to 42, wherein the mineral fibre
product has an organic content within the range of from 3 to 10 kg/m3.

The use according to any one of claims 39 to 45, wherein the mineral fibre
product has a loss on ignition (LOI) within the range of 0.3 to 7.0 %.

The use according to any one of claims 39 to 45, wherein the mineral fibre
product has a loss on ignition (LO!) within the range of 0.5 to 6.0 %.

The use according to any one of claims 39 to 47, wherein the sugar
component is selected from sucrose and reducing sugars, and mixtures

thereof.

The use according to any one of claims 39 to 47, wherein the sugar

component is selected from hexoses and pentoses, and mixtures thereof.

The use according to claim 48 or claim 49, wherein the sugar component is a

reducing sugar having a dextrose equivalent (DE) of 40 to 100.
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The use according to claim 48 or claim 49, wherein the sugar component is a

reducing sugar having a dextrose equivalent (DE) of 50 to 100.

The use according to claim 48 or claim 49, wherein the sugar component is a
reducing sugar having a dextrose equivalent (DE) of 86 to 100.

The use according to any one of claims 39 to 52, wherein the polycarboxylic
acid component is selected from dicarboxylic, tricarboxylic, tetracarboxylic,
pentacarboxylic, polycarboxylic acids, anhydrides, salts, and combinations
thereof.

The use according to claim 53, wherein the polycarboxylic acid component is
selected from at least one of tetrahydrophthalic acid, hexahydrophthalic acid,
methyltetrahydrophthalic acid, phthalic acid, methylphthalic acid, trimellitic

acid, pyromellitic acid and the corresponding anhydrides.

The use according to claim 54, wherein the polycarboxylic acid component
additionally comprises a polycarboxylic acid selected from adipic acid, aspartic
acid, azelaic acid, butane tricarboxylic acid, butan tetracarboxylic acid,
citraconic acid, citric acid, fumaric acid, glutaric acid, itaconic acid, maleic acid,
malic acid, mesaconic acid, oxalic acid, sebacic acid, succinic acid, tartaric

acid and trimesic acid.
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56. The use according to any one of claims 39 to 55, wherein the alkanolamine is
selected from monoethanolamine, diethanolamine, triethanolamine,
diisopropanolamine, triisopropanolamine, methyldiethanol-amine,
ethyldiethanolamine,  n-butyldiethanolamine,  methyldiisopropanol-amine,
ethylisopropanolamine, ethyldiisopropanolamine, 3-amino-1,2-propanediol,
2-amino-1,3-propanediol, aminoethylethanolamine and tris-(hydroxymethyl)-

aminomethane.

57. The use according to claim 41, wherein the mineral fibre product is a roofing
board product having a density within the range of from 80 to 200 kg/m3.
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