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METHOD FOR MICROWAVE CURING OF MINERAL WOOL INCLUDING BINDER MATERIAL

The invention relates to a method according to the preamble of patent claim 1.

It is well known that mineral wool insulation products are produced in that fibers produced through a
suitable fiber production device from a glass or rock melt are collected through one or plural drop
channels on an endless conveyor belt to form a mineral wool web that is configured as a raw fleece,
wherein suitable binder material is typically added to the fibers before they hit the conveyor belt; the
binder is added in particular through a spraying process. Typically a phenolic formaldehyde resin or
a urea phenolic formaldehyde resin is used for binder material. The portion of the binder material is
product-related. The binder material is used for structural stability of the mineral wool insulation
product and does not contribute to the insulation effect itself. Since the binder materiai also causes
an increased fire load, attempts are made to limit the binder material to the required amount. Typical
binder material amounts are in the range of 2 to 5 % of total weight of the mineral wool which, how-

ever, is not limiting.

The raw fleece that is mixed with binder material is run through an oven for curing, wherein tunnel
ovens are typically being used. The heat supply is provided by flowing the raw fleece with a hot gas
which causes a curing of the binder material while running through the tunnel oven which causes the
structural stability of the mineral wool product produced. Thus, the water percentage of the typically
watery binder material is evaporated and subsequently the solid portion of the binder material is

polymerized through the heat supply.

Tunnel ovens have the advantage of a simple configuration, a uniform heat introduction and thus
facilitate even curing of different products, in particular of mineral wool webs with different thickness
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and through being provided as a flow-through ovens facilitate feeding the continuous minerai wool
web as an endless web. The mineral wool web is thus typically run in a compressed condition in
order to adjust a desired raw density of the end product. After leaving the tunnel oven, the cured

mineral wool webs are divided into desired lengths for forming the insulation material products.

However, also other ovens are suited for particular mineral wool products, namely in particular tube
shells. Such tube shells, differently from mineral wool webs, do not provide a closed endless web
within a tunnel oven in feed direction, but are provided at a certain distance adjacent from one an-
other as formed blanks. When curing in a tunne! oven, in particular no flow-through of the uncured
mineral wool raw material blanks is provided, so that a heat introduction is only provided through
convection and radiation. Thus, acceptable curing times or even curing of the binder material is not
easily accomplished. Then particular additional measures are required like transporting the tube
shells with a reduced velocity or special hot gas routing in the oven in order to provide uniform cur-
ing of the tube shells which, however, is detrimental or even impossible from a process point of view
due to the additional complexity. It is appreciated that mineral wool, due to the air inclusion between
the fibers, is a good insulator due to the insulating effect of the mineral wool, so that even for larger
layer densities the introduced thermal energy only penetrates the interior of the products with difficul-
ty and slowly. For this reason, in particular, tube shells are cured in special ovens, thus in microwave
ovens. Thus, curing the mineral wool is provided through the microwaves generated in these ovens.
The microwaves are characterized by good penetration characteristics into the mineral wool prod-
ucts and thus facilitate even heating, so that the tube shells can be cured easily rather independently
of diameter and thickness. However, microwave ovens have energy disadvantages over tunnel ov-
ens since they are operated with high value and thus expensive energy in the form of electrical pow-
er. Thus, the microwave oven is shielded relative to the adjacent production area due to the signifi-

cant radiation.

However, since microwaves only penetrate the interior of mineral woal products with large layer
thicknesses with difficulty, it is known in particular in conjunction with producing heat insulation
shells or tubular shells for heat pipes and hot water pipes (DE 42 12 117 A1) to add a curing accel-
erator, thus dihydroxyaromate, in particular Recorcin'™, to the binder of mineral wool that is in par-
ticular impregnated with melamine binders. Using in particular Recorcin™ tends to form non-soluble
products in conjunction with melamine binders which makes impregnating the mineral wool more
difficult. Adding Recorcin™ thus requires quick placement into the oven after applying it to the min-

eral wool.

Independently from the curing process, it is known for formed components made of mineral wool to
accumulate solid particles in an insular manner at the mineral fibers provided with binder material in
order to obtain particular properties of the formed element. Thus, among other things, color particles
are being used in order to obtain a desired through coloration of the mineral wool. In case a black
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coloration is desired, soot or graphite is accumulated, wherein due to the conductivity of the solid
particles, the formed elements produced therewith can be used as faring plates with a shielding ef-
fect against radar waves. Through an installation of clay, shaped components with very high tem-
perature resistance can be obtained, and through accumulation of active charcoal shaped elements
can be obtained which are usable as water- or gas fitters (EP 0 390 962 B1).

The inventors have found that the operating range of microwave ovens can be increased when en-
ergetic conditions are improved, so that using microwave ovens is also advantageous from a cost
point of view since insulation materials typically are mass products. Thus, it is an object of the inven-
tion to provide an improved method for microwave curing of mineral wool including binders in micro-
wave ovens, wherein the method has energy advantages and facilitates quick, cost-effective and

reliable curing of mineral wool for forming mineral wool insulation products.

The object is achieved according to the invention through the features of claim 1. Advantageous

embodiments of the invention are characterized by the features included in the dependent claims.

The invention is characterized in that additional heat is generated within the microwave oven
through the microwave curing process and thus within the mineral wool to be cured, so that the en-
ergy conditions are improved through separate heat supply. This is facilitated by adding microwave
active substances which are applied to the fibers of the mineral wool or introduced into the mineral
wool and thus preferably so that the substances are evenly distributed for curing the mineral wool
and thus evenly distributed over the entire mineral wool structure. The mineral wool structure is aiso
characterized by a plurality of mineral fibers which enclose air between one another and which are
linked with one another through the binder material and thus connected. The air that is enclosed and
restricted with respect to its motion is used as an insulator. By adding microwave active substances,
the mineral wool to be heated is additionally heated by the heat released by the substances since
the substances release heat when irradiated with microwaves and dissipate the heat into the ambi-
ent. By applying these microwave active substances, additional heat is applied which accelerates
curing the binder material. Tests have shown that substantial energy savings can be obtained this
way over microwave curing without microwave active substances. Thus, improved curing times can
be obtained in spite of only introducing half the energy as microwave power, essentially a reduced

curing time compared to mineral wool without substance can be obtained.

According to an advantageous embodiment of the invention, it is provided to apply the microwave
active substances onto the fibers and/or the mineral wool or integrate them in particular through
spraying, so that they are evenly distributed with respect to the binder material to be cured. This
assures that constant conditions are provided over the mineral wool after the curing process so that
the desired adjusted properties of the insulation material product are constant over the product. This
prevents in particular that local overheating occurs due to uneven distribution which could have a
degrading effect on the bonding. Even means that the microwave active substances are arranged
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proximal to the binder material or at the binder material, in particular in the portion of the bonding
points of the fibers through the bonding material providing the cross-linking in view of the fiber struc-

ture of the mineral wool.

The microwave active substances can be applied simultaneously with the binder material, for exam-
ple by applying the binder material and the microwave active substances onto the fibers in the drop
channel. This is advantageously performed through a spraying process. However, it is also possible
to apply the binder material with a time delay. Thus, it is particularly advantageous that the micro-
wave active substances are applied after applying the binder material. For example, adding the
binder material can be performed within the drop shaft and the application of the microwave active
substances can be performed in particular through the fibers already stored on the endless conveyor
belt for forming the mineral wool when configuring the tubular shells. Tubular shells are typically
formed through winding in that a mineral wool web with low thickness configured on the endless
conveyor belt is wound around a mandrel. Thus, the microwave active substances can be applied
before the winding process through applying or spraying substances onto the mineral wool web.
Through the winding process, a substantially even distribution of the microwave active substances is
facilitated over the thickness of the tubular shell wound about a mandrel with respect to the binder
material to be cured. The additional heat thus generated during the curing process through the mi-
crowave active substances affects the curing of the binder material in adjacent zones, so that an
even curing of the binder material within the mineral wool is obtained. Thus, a homogenous distribu-
tion of the microwave active substances is achieved over the entire surface of the mineral wool web
and also with respect to the binder material to be cured, since the additional heat does not only heat
the binder material that is directly arranged at the microwave active substance, but a zone about the

substance so that the binder material is cured accordingly.

It is an advantageous process measure to apply the substance together with the binder material.
Thus, the microwave active substances are mixed with the binder material before the binder material
is applied and they are then applied in a spraying process onto the fibers directly with the binder or
into the mineral wool web. This advantageously leads to an even distribution of the microwave active
substances with respect to the binder and to close spatial proximity and assures that the binder ma-
terial is additionally heated by the microwave active substances uniformly through the mineral wool

product and cured.

As microwave active substances, in particular carbon based substances are suitable for the inven-
tion, in particular soot or graphite. Alternatively, in particular soft magnetic substances are suitable.
Among them are within the scope of the invention, iron, aluminum, silicon, nickel, iron oxide, FE-NI-
magnet alloys, iron silicides, magnetite and ferrites as soft oxide ceramic materials, in particular the
so-called type IV maganese-zinc ferrite.
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The substances are typically added in particle form, in particular as a powder. A preferred particle
size is in a range of 10 pm to 100 pm. The particles can be provided as spheres, in particular in case
of graphite (spherical graphite) or also as hollow elements, like in case of in particular blown graph-

ites. However, also other shapes and particles are suitable, like e.g. a vermicular particle shape.

The inorganic microwave active substances are advantageously added in an amount of 0.05 % to 4
% of total weight of the binder material and the substance of the insulation material product or the
mineral wool. In case of carbon based substances, in particular graphite, petroleum coke or soot, the
introduced amount is 0.05 % to 2.5 %, preferably up to 2 % in turn with reference to total weight.
This range that is limited relative to the inorganic substances comes from the fact that an oxidation
of the additives can occur when an excessive amount of graphite, petroleum coke or soot is added,
which would lead to a disadvantageous rating in a fire resistance class for mineral woo! products for
fire protection, like for fire protection doors. The additional fire load introduced through microwave
active substances graphite, petroleum coke or soot causes a short time temperature spike due to
the oxidation of the graphite, petroleum coke and/or soot during a fire resistance test.

Any thermally curable binder material is suitable for performing the method, wherein the binder ma-
terial is suitable for producing mineral wool products, in particular phenolic resin, phenolic formalde-
hyde resin, urea modified phenolic resins, urea modified phenolic formaldehyde resins, polyacrylic
acids, neutralized binder material, in particular with ethanolamine, polyacrylic acids, carbohydrate
based binder materials from regenerative raw materials, in particular based on sugar, molasses or
starch or other mixes, wherein the binder material content depends on the required properties of the
product and its use, however, preferably binder material or binder material mixes in an amount of 2

10 5 % by weight are added with respect to total weight.

The invention is suitable for all mineral wool insulation products like for example mineral wool plates
or webs, but in particular for tubular shelis which are used in particular for insulating tubes. These
tubular shells are also curable in tunnel ovens, however starting with particular diameters additional
measures are required, fike e.g. particular hot gas routing in order to evenly load the tubular shells
with heat on both sides. Based on the measures according to the invention, it pays to use micro-
wave ovens, since additional heat is introduced through installing microwave active substances, thus
directly within the mineral wool in the portion of the binder material which leads to a concentrated
heating of the binder material in the linked portion, in particular for linking the fibers, but also re-
moves the energy disadvantage of microwave heating based on generating additional heat due to

the installed microwave active substances.
These advantages of installing microwave substances are typically described based on tests.

Thus, shell pieces were heated for two minutes in a commercial microwave at different power set-
tings and subsequently the temperature in the sample center was measured. This yields the values
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that can be derived from the subsequent table, wherein Mechano-Lube 1™ (manufacturer: HC Car-
bon) was used for graphite and distributed with an amount of 2 % by weight on the fibers of the min-
eral wool. The graphite was applied as so-called overspray simultaneously with the binder material

in the drop shaft through a separate dosing system arranged above the bonding agent dosing de-

vice.

Time [min] 2

Graphite HC Carbon Mechano Lube 1™
2 % by weight

Additive Output [W] T°Cl]

None 700 50.0

None 700 51.1

Graphite 700 390

Graphite 462 227

Graphite 336 158

The tests were performed with additional power introduction. At a power of 700 watts without in-
stalling microwave substances, a temperature of 50° C or 51.1° C is measured in the sample center,
whereas a temperature of 390° C is caused in the shell pieces with 2 % graphite. Even for half pow-
er, a core temperature of 158° C was measured that is more than 100° C higher than the tempera-
ture in the sample center. This means the shell provided with the microwave active substance

graphite heats up significantly quicker at half power.

In an additional test series, the effect of microwave active additives upon particular sample elements
made from fiber powder was tested. A two-component mix resin was used in this test series as a
bonding agent system, wherein the first component was a common, non neutralized sodium cata-
lyzed phenolic formaldehyde resin which is subsequently designated as R102. The second compo-
nent was a polyacrylic acid that is neutralized with ethanolamine (PACS 100/45) made from a pre-
mix of a polyacrylic acid (PACS) with a molar weight of 10,000 g/moi, ethanolamine and water ac-

cording to the subsequent table.

Component Mix [g] Solid matter [%] | Solid matter [g] Solid matter rela-
tive to resin [%]}

PACS 70.0 50 35 100

Ethanolamine 16.07 98 15.75 45

Water 40.80 - - -

For a binder material, according to the embodiment, a mix from the first component R102 and the
second component PACS 100/45 with a solid resin content of 40 % respectively with a solid resin
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ratio of 0.8:1 with a 1 % addition with reference to the solid resin of a 3-aminopropyltriethoxysilans

(CAS 919-30-2) was used.

In order to produce the sample elements, 2.75 g of the binder material are diluted with 800 mg water
in order to produce the binder material compound. The fibers were taken out of the running glass
wool production, pre-cut and subsequently powdered at 1200 rpm in a swing mill for 35 seconds,
possibly adhering iron rub-off particles are removed to the largest extent possible with a magnet. 10
g of the fiber powder are supplemented in the embodiments with 50 mg of the respective microwave
active additive and the mix is homogenized by dry mixing. The binder material mix is added to the
homogenized mix and intensely mixed with a metal spatula. The paste is spread out on a glass plate
that is wrapped with aluminum foil. Sample elements are cut out of the compound with a cork drill
with a diameter of 5 mm. The sample elements are cured using a microwave device.

The sample elements were cured with otherwise identical conditions (stage 1 corresponding to a
microwave power of 175 waits) in a first test series for 25 minutes and in a second test series for 30

minutes.

In case solid sample elements are obtained after the curing, the total mass of 8 sample elements is
determined and the sample elements are subsequently stored at 70° C in 200 g of completely desal-
inated water. After 24 hours (25 minutes curing) or 72 hours (30 minutes curing) and subsequently
after 24 hours respectively, two sample elements are re-dried at 100° C for 2 hours and their residu-
al mass is determined. The residual mass of all non-dissolved sample elements is totaled and the
total mass loss relative to the initial mass is determined based on the water accumulation as a

measure for the curing quality.

The mechanical strength of the re-dried sample elements is subjectively assessed through manual
pressing on the edge of the sample element and divided into five classes (no strength, little strength,

strong, very strong, extremely strong).

The definition of the test parameters (point in time of extraction and temperature of the water accu-
mulation) can be derived from the empirical correlations with long term tests for binding material

aging which are characterized by the properties at 70° for four days.
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The following products are used for microwave active additives:
- Graphite Mechano Lube 1™ (manufacturer HC Carbon)

- Mechano-REM5™ petroleum coke (manufacturer HC Carbon)
- Magnetite M-20 T Colorana™ (manufacturer RG Minerals AS)
- FeO Pigment F5100™ (manufacturer Cathay Industries PRC)
- Colanyl-Oxidrot B1 30™ (manufacturer Clariant).

The results are summarized in the subsequent table (the total mass loss is rounded).

Test series 25 min curing

Additive Total mass | Strength after | Strength after | Strength after | Strength after
loss 24h 48h 72h 96h

No additive 100% All  samples | - - -

disintegrate

Graphite 41% Very strong Very strong Strong Strong

Mechano

Lube 1™

Mechano- 25% Very strong Very strong Very strong Strong

REM5™

Petroleum

Coke

Magnetite M- | 43% Strong Strong Strong No strength

20 Col-

orana’™

FeO Pigment | 55% Strong Strong Strong Disintegrated

F5100™

Colanyl- 100% Al samples | - - -

Oxidrot collapse

B130™

Test series 30 minute curing

Additive Total mass | Strength after | Strength after | Strength after | Strength after
loss 72h 96 h 120h 144h
No additive 46% Strong Very strong Disintegrated | -
Graphite 20% Extremely Very strong Very strong Extremely
Mechano strong strong
Lube 1™
-8-
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Mechano- 21% Very strong Very strong Strong Strong
REM5™
petroleum
coke
Magnetite M- | 51% Strong Very strong Very strong Very strong
20 T
Colorana™
FeO Pigment | 21% Strong Strong Very strong Very strong
F5100™
Colany!- 14% Little strength | Little strength | Little strength | Litile strength
Oxidrot
B130™

As can be derived from the table, the binder material without additives that is used as a reference
sample has insufficient curing at a curing time of 25 minutes, all sample elements have disintegrated
after a short period of time. Adding microwave active substances with the exception of Colanyl-

Oxidrot B130™ causes a significant improvement of the curing and the strength.

With an extension of the curing time to 30 minutes, the pure binder material just barely fulfills the
requirements for long term properties after four days. All embodiments with microwave active sub-
stances, however, have a much higher durability after water accumulation since they have not even
disintegrated after a test duration of 6 days. The subjective evaluation of the strength thus does not

show any significant change of the strength over the test duration.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for microwave curing mineral wool that is mixed with a binder material, for
producing mineral wool insulation products, wherein the mineral wool is mixed with the binder material
and the mineral wool is subsequently run through a microwave oven for curing the binder material,
wherein the curing process in the microwave oven is supported by generating additional heat by
supplying microwave active substances to the mineral wool before curing, wherein the microwave
active substances generate the additional heat for curing the binder material in the mineral wool
through absorption of microwaves, and wherein the microwave active substances with respect to
total weight are added in an amount of 0.05 % by weight to 4 % by weight.

2. The method according to claim 1, wherein the microwave active substances are applied to the
mineral wool, so that the microwave active substances are evenly distributed in the binder material for

curing the binder material.

3. The method according to any one of claims 1 or 2, wherein the microwave active substances

are applied simultaneously or with a time offset with respect to the binder material.

4. The method according to any one of claims 1 to 3, wherein the microwave active substances
are added to the binder material and applied to the mineral wool directly with the binder materials.

5. The method according to any one of claims 1 to 4, wherein a carbon based substance, or an

inorganic substance, is used for microwave active substances.

6. The method according to any one of claims 1 to 5, wherein the microwave active substances

are provided in particle form in a size in a range of 10 ym to 100 pm.

7. The method according to claim 1, wherein the microwave active substances with respect to

total weight are added in an amount of 0.05 % to 4 % for inorganic iron oxides.

8. The method according to claim 1, wherein the microwave active substances with respect to
total weight are added in an amount of 0.05% to 2.5 % by weight for graphite, petroleum coke or
soot.

9. The method according to claim 8, wherein the microwave active substances with respect to total
weight are added in an amount of 0.05 to 2 % by weight for graphite, petroleum coke or soot.
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10. The method according to any one claims 1 to 9, wherein the binder material is selected from
the group consisting of a phenolic resin, a phenolic formaldehyde resin, a urea modified phenolic
resin, a urea modified phenolic formaldehyde resin, a polyacrylic acid, and a neutralized binder
material made from regenerating raw materials, wherein the neutralized binder material is selected

from the group consisting of an ethanolamine, or a carbohydrate based binder material.

11. The method according to any one of claims 1 to 10, further comprising winding the mineral
wool with the microwave active substances about a mandret before curing.

12. The method of claim 10, wherein the carbohydrate based binder material comprises a sugar,

molasses, a starch, or combinations thereof.

13. The method according to any one of claims 1 to 12, wherein the binder material is mixed to be
between 2 and 5% of total weight.

14. The method according to any one of claims 1 to 13, wherein the mineral wool is glass wool or

rock wool.
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