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Process for producing a binder

Description

The present invention relates to a binder, a method for producing a binder, and the
use of a binder. Furthermore, the invention relates to a construction chemical

product comprising such a binder.

Driven by government investments, the construction industry has seen a steady
increase in incoming orders in recent years and accounts for a significant share of
the manufacturing sector. In view of the recent focus on compliance with climate
policy targets, the construction industry is therefore increasingly required to pursue
environmentally friendly and sustainable concepts. For this reason, the concept of
sustainable construction has been established for some time, which pursues
various approaches to carrying out construction measures while preserving the

ecosystem and the environment.
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With regard to possible starting points, the factors that drive climate change most strongly are
of particular interest. In addition to the necessarily high demand for fossil fuels in the
construction industry, it is above all the high demand for building materials that significantly
promotes climate change. In contrast to methods for reducing the demand for fossil fuels, the
development of sustainable building materials still needs to be developed. For example, the
production of currently known binders is often still associated with a considerable use of natural

resources and a high energy input.

It is therefore the object of the present invention to at least partially eliminate the above-
mentioned disadvantages of known binders or construction chemical products. In particular, it
is the object of the invention to provide a binder or construction chemical product that meets
the highest requirements for sustainability and environmental friendliness and yet is versatile

and easy and inexpensive to produce.

The foregoing object is solved by a method having the features of the independent method
claim, a binder or construction chemical product having the features of the independent
substance claim, and a use having features of the independent use claim. Further features
and details of the invention are apparent from the respective dependent claims, the description
and the drawings. Features and details described in connection with the binder or construction
chemical product according to the invention naturally also apply in connection with the method
according to the invention and the use according to the invention, and vice versa, so that
reference is or can always be made mutually with respect to the disclosure of the individual

aspects of the invention.

According to the invention, a method for producing a binder is provided. Here, the method
according to the invention comprises the steps of preparing a residual material comprising
amorphous alumina-containing and/or aluminium hydroxide-containing components and
heating the residual material to produce a fired material, wherein the heating of the residual

material is carried out at a temperature of > 800 °C.

A binder according to the invention can then be used in particular in construction-chemical
products, such as screeds, filling compounds, tile adhesives, levelling compounds, mortars,
joint mortars or plasters or the like, which can then in turn be used, for example, for laying

natural stones, factory stones, tiles, slabs or the like.
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In the context of the invention, a binder can preferably be understood as a material which can
be used as a hardening element in construction chemical products. After mixing with water,
binders according to the invention can harden or solidify independently, preferably as a result
of chemical reactions with the mixing water, and remain solid and dimensionally stable after
hardening. The binder according to the invention can thereby preferably be formed in the form
of a hydraulic binder which remains solid and dimensionally stable after hardening, even under
water. In the classical sense, binders may be understood to be, for example: Calcium
aluminate cements and/or calcium sulfoaluminate cements and/or Portland cements and/or
hydrated lime and/or calcium oxide and/or calcium hydroxide and/or calcium sulphate.

Likewise pozzolans, lime or similar substances which can act as binders.

According to the invention, a residual material is understood in particular to be a residue
produced in a process for which no reuse or only limited reuse is envisaged and which must
therefore be disposed of, sometimes in a laborious and cost-intensive manner. In the context
of the invention, processing can be understood in particular as a form of treatment which

comprises, for example, collecting, filtering, drying, shredding or the like.

By an amorphous residual material or an amorphous material can be understood in particular
a material which is present in a non-crystalline state to a proportion of at least 50 wt.%. In
particular, at least 50 wt.% of the material can be X-ray amorphous, i.e. in particular at least
50 wt.% of the material does not provide sharp reflections in X-ray diffraction experiments, but
only broad diffuse maxima.

The alumina-containing and/or aluminium hydroxide-containing residual material according to
the invention can advantageously have an alumina or an aluminium hydroxide content (the
sum of the alumina and aluminium hydroxide) of at least 5 wt.%, preferably of at least 30 wt.%,
in particular of at least 50 wt.% relative to the dry content of the material or residual material.
It is understood here that the material may also be formed essentially in the form of only one

of the two components.

In the context of the invention, a fired material can be understood in particular as the material
resulting from a thermal process, such as a firing process, which as a result of the energy input
during the firing process has a changed structure, in particular a changed chemical structure,

compared with its initial state. Depending on the type of thermal process carried out, fired
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material can also be understood as a sintered material, a carbonized material, a pyrolyzed

material, a calcined material or a roasted material or the like.

It should be noted at this point in advance of the following explanations that, with regard to the
indication of preferred proportions by weight of the components within a mixture, the skilled
person is very well able to combine the proportions with one another in such a way that the

total proportion of all components of the mixture is 100 wt.%.

Within the scope of the present invention, it has been recognized that, in particular by using a
processed amorphous residual material containing aluminium oxide and/or aluminium
hydroxide, a versatile binder can be produced in a simple and inexpensive manner, which at
the same time makes a contribution to sustainable construction, the contribution being made
in particular by the fact that natural resources are conserved by using residual or waste
materials for the production of the binder, which would otherwise have to be disposed of in a
time-consuming and cost-intensive manner. Furthermore, it has been recognized in the

context of the invention that a temperature above 800 °C is hecessary for processing.

With regard to a particularly simple, efficient and inexpensive possibility of using reprocessed
amorphous alumina-containing and/or aluminum hydroxide-containing residues, it can be
advantageously provided according to the invention that the residue is formed at least partially,
preferably completely, in the form of water treatment residues. In a particularly preferred
manner, the residual material may be formed at least partially, preferably completely, in the
form of drinking water treatment residues. In this respect, drinking water treatment residues
have in particular very high aluminium oxide and/or aluminium hydroxide contents and are
significantly less costly to purify than other residues, such as waste water treatment residues
or similar residues, in particular because they are less contaminated with pollutants. Due to
the different ingredients of drinking water and wastewater, these (drinking water / wastewater)
are not directly comparable. Furthermore, the residue can preferably be formed in a sludge-

like manner, for example in the form of a drinking water treatment sludge.

With regard to the production of a fast-setting binder with high water retention capacity, it may
advantageously be provided that the amorphous alumina-containing and/or alumina-
hydroxide-containing residue has an X-ray amorphous fraction of more than 80 wt.%,
preferably of more than 85 wt.%, in particular of more than 90%. Thus, advantageously, the

amorphous residue has crystalline fractions detectable via X-ray diffraction experiments to less
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than 20 wt.%, preferably to less than 15 wt.%, in particular to less than 10 wt.%. X-ray
diffraction experiments for determining the amorphous fraction of the residual material can be

carried out, for example, in accordance with DIN EN 13925-1.

With regard to the simple and exact adjustment of predetermined mixture ratios, it may also
be advantageous if the preparation of the residual material comprises the removal of water,
the removal of the water preferably being effected by means of a heating and/or a mechanical
dewatering process or, preferably, by means of a simple stockpiling of the residual material.
In the case of a dried product, the determination of the proportion of the component concerned
for the production of a predetermined mixture is considerably more exact and easier to carry

out, because the exact proportion of water does not have to be calculated out or is negligible.

With regard to a simplified use in subsequent production processes for the production of
binders, it can also be advantageously provided that the preparation of the residual material
comprises shredding wherein the amorphous residual material containing aluminium oxide
and/or aluminium hydroxide is preferably shredded to a particle size of less than 100 um,
particularly preferably to a particle size of less than 50 um, in particular to a particle size of

less than 40 pum.

With regard to a particularly energy-saving manufacturing process, it can also be provided that
the residual material is processed in such a way that a residual content of organic material
remains in the amorphous alumina-containing and/or aluminium hydroxide-containing residual
material as a fuel source. Accordingly, the organic material can act as a fuel during subsequent
heating, thus saving energy and resources. Preferably, an organic material is herein
understood to mean a material comprising carbon compounds and not belonging to any of the
following types of compounds: anhydrous chalcogenides, carbonic acid, carbonates, carbides,
cyanides, cyanates and thiocyanates.

Since the amorphous alumina-containing and/or alumina-hydroxide-containing residual
material may contain undesirable microorganisms, it may further be advantageously provided
according to the invention that the processing of the residual material comprises a removal of
microorganisms, wherein the removal of the microorganisms may preferably comprise a

thermal treatment and/or a drying.
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With regard to a further variation of the properties of the binder, it can further be provided
according to the invention that a calcium ion source is additionally added prior to heating the
residual material for producing a material mixture. According to the invention, a calcium ion
source can be understood in particular as a substance or mixture of substances which can
release calcium ions. Exemplary calcium ion sources are CaO, Ca(OH), and CaCOs.

Advantageously, Ca(OH), from residual and waste material sources can be used.

Likewise, in order to further vary the properties of the binder, it may be provided that a sulfate
ion source is additionally added prior to heating the residual material in order to produce a
material mixture. According to the invention, a sulfate ion source can be understood in
particular as a substance or mixture of substances which can release sulfate ions. As a sulfate
ion source, calcium sulfate-a-hemihydrate, calcium sulfate-B-hemihydrate, anhydrite, calcium
sulfate dihydrate or mixtures thereof may be mentioned by way of example. Advantageously,

CaSO0, from residual and waste material sources, such as FGD gypsum, can be used here.

In the context of the most purposefully controllable production of a binder that is as versatile

as possible, it can be advantageously provided that the substances:

1) of a residual material,
2) a source of calcium ions as described above, and

3) a source of sulphate ions as described above

be presented in the following weight ratios:

Component 1 at 10.0 - 100.0 wt.%, component 2 at 0.0 - 90.0 wt.% and component 3 at 0.0 -
90.0 wt.% based on the dry content of the sum of the weight of components 1, 2 and 3.

With regard to the most energy- and resource-saving production possible of a binder, it can
also be provided that water is added to form hydrate-phase-containing intermediates before
the residual material is heated and/or before the material mixture is heated. By forming hydrate
phase-containing intermediates, it is possible to significantly reduce the necessary production
temperature for a binder compared to conventional production temperatures for binders.
According to the knowledge of the invention, the addition of water for the formation of hydrates
provided in the present invention is particularly responsible for this. This aspect reduces the

necessary energy input.
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Intermediates containing hydrate phases can be described as intermediates obtained by

presenting a mixture of:

1) a processed amorphous alumina-containing and/or aluminium hydroxide-containing
residue materials,
2) if necessary, additionally a calcium ion source,

3) if necessary, additionally a sulphate ion source

and subsequent addition of water. Hydrate phase-containing intermediates may be formed in
particular in the form of calcium aluminate hydrates and/or calcium sulfoaluminate hydrates or

mixtures thereof.

Thus, within the scope of the invention, various binders or mixtures of materials can be
prepared prior to heating. Thus, according to the invention, a calcium ion source and/or a
sulfate ion source can be added in addition to an amorphous residual material rich in aluminum

oxide and/or aluminum hydroxide for the preparation of the binder.

The addition of the calcium ion source and/or the sulphate ion source can in this case
preferably take place before the addition of water for the formation of advantageous hydrate

phase intermediates, so that before the addition of the water a mixture of:

1) Processed amorphous alumina-containing and/or alumina-hydroxide-containing
residual material
2) if necessary additionally a calcium ion source

3) if necessary additionally a sulphate ion source

can be prepared.

Water may then be added to the residual material or mixture of residual material and/or a
calcium ion source and/or a sulfate ion source to form a hydrate phase intermediate. The
resulting mixture may thereby be blended and homogenized together by suitable methods.
Advantageously, the resulting mixture may be allowed a reaction time of at least 30 minutes,
preferably at least 12 hours, more preferably at least 24 hours. In this way, it can be ensured

that a reaction equilibrium can be formed which is free of crystalline Ca(OH), or CaO.
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With regard to a particularly energy-saving manufacturing process, it may further be provided
that additionally a processing of the hydrate phase-containing intermediates is provided,
wherein the processing preferably comprises a drying. Drying the hydrate phase-containing
intermediates also has an energy-saving effect on a downstream firing process and simplifies

a downstream shredding process of the hydrate phase-containing intermediates.

With regard to simplified use in subsequent production processes for binder production, it can
also be provided in an objectively advantageous manner that the preparation of the hydrate
phase-containing intermediate products comprises comminution, wherein the amorphous
alumina-containing and/or aluminum hydroxide-containing residual material is preferably
shredded to a particle size of less than 100 um, particularly preferably to a particle size of less

than 50 um, in particular to a particle size of less than 40 pym.

Likewise, within the scope of the invention, a compacting of the residual material and/or of the
mixture of materials and/or of the intermediate products hydrate phase-containing may be
provided for minimizing the proportion of fine material, wherein the compacting may preferably
comprise a briquetting for producing briquettes and/or a pelletizing for producing pellets and/or
a granulating for producing granules and/or a pressing for producing pressed bodies. In
particular, such compaction or compacting may serve the purpose of a simple and as complete
as possible introduction of the residual material and/or the mixture of materials and/or the
intermediate products hydrate phase-containing into a furnace. Likewise, such a process may
be advantageous to ensure sufficient contact points for sintering or the like prior to a heating

process, for example.

Common aluminate-containing binders (e.g. calcium aluminate cements) used in construction
chemistry require energy-intensive production and are typically fired at temperatures of >
1,400°C. Calcium sulfoaluminate-containing binders are typically fired at temperatures of >
1250°C. For these binders, too, the necessary production temperature can be significantly

reduced in the sense of the invention compared to the prior art.

By using the method according to the invention, it is possible to significantly reduce the
necessary production temperature for aluminate-containing binders compared to the

manufacturing processes known from the prior art. According to the findings of the invention,
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this is due in particular to the upstream formation of hydrates, which significantly reduces the

firing temperature required to produce the binder in contrast to known firing temperatures.

In accordance with the invention, aluminate-containing binders, preferably calcium aluminate-
containing binders or calcium sulfoaluminate-containing binders, can be prepared at
temperatures significantly below the usual temperatures. These binders can subsequently be
used in construction chemical products. In the course of the invention, it has been recognized
that when the binders according to the invention are used in construction chemical products,
the processing time of the construction chemical products depends on the firing temperature
during the production of the binders used. In the course of the invention, it was therefore
necessary to find an optimum firing temperature which, on the one hand, should be as low as
possible from the point of view of environmental protection and, on the other hand, is high
enough to be able to produce binders which, when used in construction chemical products,

allow practicable processing times.

In the context of the invention, it has been recognized that by means of the processing steps
provided according to the invention, in particular at a temperature between 800 °C and 1700
°C, a particularly advantageous compromise can be achieved between a practicable
processing time when used in a construction chemical product and energy-saving production.
The heating of the residual material and/or the material mixture and/or the hydrate phase-
containing intermediate products should be carried out at a temperature of > 800 °C, preferably
at a temperature between 900 °C and 1150 °C, particularly preferably at a temperature
between 950 °C and 1050 °C, especially at a temperature of 980 °C.

Advantageously, the heating can be carried out in a rotary (tubular) kiln and/or in a melting
furnace and/or in an electric arc furnace and/or in a tub shaft kiln and/or in a fluid bed thermal
calciner or the like.

Finally, in order to improve the usability of the binder produced in accordance with the
invention, a preparation of the fired material may be provided, wherein the preparation may
comprise a shredding, wherein the binder may preferably be shredded to a particle size of less
than 100 um, particularly preferably to a particle size of less than 50 ym, in particular to a

particle size of less than 40 um.
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According to the invention, a preparation of the fired material may further advantageously
comprise the addition of additives, such as grinding aids, aging inhibitors and/or anti-dusting

agents.

It is also an object of the invention to provide a binder, in particular produced by a method
described above. Here, the binder in question comprises aluminates and/or calcium
aluminates and/or calcium sulfoaluminates. Thus, the binder brings the same advantages as

have already been described in detail with respect to the method according to the invention.

The possible resulting fired binders may hereafter comprise, among others, the mineral phases
CA and/or CA; and/or CAz and/or C12,A7 and/or CSA, in particular Ye'elimit in different
proportions, depending on the raw material used. A particular advantage of the present
invention is that the ratio of the resulting main mineral phases within the resulting binder can

be easily and flexibly determined by the mixing ratio of the three main components

1) Processed residual material containing aluminium oxide and/or aluminium hydroxide
2) if necessary, additional addition of a calcium ion source
3) if necessary, additional addition of a sulphate ion source

can be adjusted. With regard to the designation of the mineral phases, according to the IUPAC
nomenclature of cement terminology, under C: CaO, under A: AlO3 and under S: SOs is

understood.

In the context of the highest possible cost savings and sustainability, it can be advantageously
provided in accordance with the invention that the Al,O3 from the prepared alumina-containing
and/or aluminum hydroxide-containing residual material is present in a proportion of more than
50 mol%, preferably in a proportion of more than 55 mol%, in particular in a proportion of more

than 65 mol%, based on the total mass of the binder.

It is also an object of the invention to use a binder described above for the production of a
construction chemical product, preferably a screed, a filling compound, a tile adhesive, a
levelling compound, a mortar, a grout or a plaster. Thus, the use according to the invention
brings the same advantages as have already been described in detail with respect to the

method according to the invention or the binder according to the invention. If binders are

10
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produced in accordance with the invention and used in construction chemical products, they

have a particularly practicable processing time.

In the context of the invention, a construction chemical product can preferably be understood
as a dry mixture of various functional substances comprising binders, filling compounds and
functional additives, in order to obtain a product which can perform construction chemical tasks
tailored to construction sites. By way of example, a screed, a filler, a tile adhesive, a levelling

compound and/or a mortar for laying natural stones, ashlars, tiles or slabs may be mentioned.

It is understood that the construction chemical products which can be produced with the aid of
the binders in question can also be suitable for laying other covering materials, such as mats,
wooden flooring, parquet, carpet, laminate and the like, in addition to laying natural stone,
ashlar, tiles or slabs. The screed in question can also be a flowing or dry screed. The present
mortar may also be in the form of a grout or thin bed mortar. The filling compound may, for
example, be formed in the form of a floor, wall or ceiling filler, whereas the tile adhesive may

also be formed as a floor or wall tile adhesive.

Also an object of the invention is further a construction chemical product comprising a binder
described above, wherein the binder is present in the construction chemical product in a
proportion of 0.1 wt% - 80 wt%, preferably in a proportion of 1 wt% - 50 wt%, particularly
preferably in a proportion of 5 wt% - 30 wt%, wherein the construction chemical product
additionally comprises filling compounds and/or additives. Filling compounds may be
understood, for example, as sands, chalks and light fillers or the like. Additives may be
understood to be, for example, superplasticizers and/or thickeners and/or pigments and/or
colour pigments and/or defoamers and/or stabilizers and/or hardening retarders and/or plastic
fibers or the like. Thus, the construction chemical product according to the invention brings the
same advantages as have already been described in detail with respect to the method for

producing a construction chemical product according to the invention.

In particular, the construction chemical product can be designed in such a way that the amount
of heat released by the mixture of water and construction chemical product after it has been
mixed with water reaches an absolute maximum over time, the absolute maximum preferably
being more than 20 minutes, more preferably more than 45 minutes, in particular more than

60 minutes.

11
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Further advantages, features and details of the invention will be apparent from the following
description, in which embodiments of the invention are described in detail with partial reference
to the drawings. The features mentioned in the claims and in the description may be essential

to the invention individually or in any combination.

It shows::

Fig. 1 a schematic representation of a phase diagram of exemplary phases of a
calcium aluminate cement,

Fig. 2a a schematic representation of the individual steps of a process according to the
invention for producing a binder according to a first embodiment,

Fig. 2b a schematic representation of the individual steps of a method according to the
invention for producing a binder according to a second embodiment,

Fig. 2c a schematic representation of the individual steps of a process according to the
invention for producing a binder according to a third embodiment,

Fig. 3 a schematic representation of various heat calorimetric measurements a to f.

Fig. 1 shows a schematic representation of a phase diagram of exemplary phases of a calcium
aluminate cement. For the production of calcium aluminate cements, the raw materials used
must be brought to temperatures close to the necessary solid/liquid phase transition, which,
as can be seen from Fig. 1, are generally at least > 1700 K (> 1430 °C). By using the method
according to the invention, not only can residual materials be sensibly reused, but also the
necessary production temperature for the production of aluminate-containing binders can be
significantly reduced. According to the findings of the invention, this is due in particular to the
upstream formation of hydrates, which significantly reduces the firing temperature required to

produce the binder according to the invention, in contrast to known firing temperatures.

Fig. 2a shows a schematic representation of the individual steps of a method according to the

invention for producing a binder according to a first embodiment.

12
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In this regard, the method according to the first embodiment of the invention may be
particularly referred to as the calcium aluminate route and comprises the steps of preparing
20 an amorphous alumina-containing and/or aluminum hydroxide-containing residual material,
adding 22 a calcium ion source, and adding 26 water to form a hydrate phase-containing
intermediate. Further, according to the first embodiment, the method comprises preparing 28
the hydrate phase-containing intermediate and heating 30 the material to produce a firing

material, wherein the heating of the feed material is at > 800°C.

Subsequently, in the method according to the first embodiment, the heated material is further
processed 32 to obtain binders before the binder can be used 34 to produce a construction
chemical product and the construction chemical product can be used 36 as a screed, filling

compound, tile adhesive, levelling compound or mortar.

Fig. 2b shows a schematic representation of the individual steps of a method according to the

invention for producing a binder according to a second embodiment.

The process according to the second embodiment, referred to herein as the calcium
sulfoaluminate route, differs from the process according to the first embodiment only in that,
in addition to an addition 22 of a calcium ion source, there is an addition 24 of a sulfate ion

source prior to an addition 26 of water to form a hydrate phase-containing intermediate.

Fig. 2c shows a schematic representation of the individual steps of a method according to the
invention for producing a binder according to a third embodiment.

The process according to the third embodiment proceeds without addition of water and, in
contrast to the embodiment according to Figs. 2a and b, comprises only the steps of preparing
20 an amorphous alumina-containing and/or aluminum hydroxide-containing residual material,
adding 22 a calcium ion source, and heating 30 the material to produce a firing material,

wherein the heating of the feed material is carried out at > 800°C.
Fig. 3 shows a schematic representation of various heat calorimetric measurements a) to f).
These heat calorimetric measurements show the heat development of various construction

chemical products, each of which contains different binders produced according to the

invention in a proportion of 20 wt.%. Two different hydrate phase-containing intermediates

13
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were used for the binder production. For the preparation of the hydrate phase-containing

intermediates, according to the invention, the following were available:

1) a processed amorphous alumina-containing and/or alumina-hydroxide-containing
residual material
2) a source of calcium ions

3) a source of sulphate ion source (not used here)

For (a, b, ¢), a molar mixing ratio of 50% 1 (based on aluminum content) and 50% 2 (based
on calcium ion content) was used. These resulting binders were internally referred to as CA
binders. For (d, e, f), a molar mixing ratio of 66.6% 1 (based on the aluminum content) and
33.3% 2 (based on the calcium ion content) was used. These resulting binders were internally
referred to as CA2 binders. Varying firing temperatures were used in the preparation of the
binders. For (a, d), 180°C was used. For (b, €) 800°C was used and for (c, f) 980°C was used.

The measurements of the heat development provide indirect information about the setting
behaviour of the respective binder-containing building chemical product. A fast and strong heat
development (measured here in the form of the voltage in mV) corresponds to a fast setting of

the binder-containing constructing chemical product.

As can be seen from the plot in Fig. 3, the construction chemical products were measured
calorimetrically for 2 hours after the addition of water. As can be seen from Fig. 3, the main
reaction peak, i.e. the heat generated during the setting of the building chemical products,

shifts to later times the higher the firing temperature of the respective binder used.

For example, the construction chemical products (a, d), whose binders were fired at a
temperature of 180 °C, show a strong heat development directly after the addition of water.
Such construction chemical products are difficult to use because they set and harden too
quickly and do not allow the user sufficient time to bring the construction chemical product into

a desired shape.
The construction chemical products containing binders fired at a firing temperature of 800°C

(b, ) show a rapid but controllable heat development. After about 5 to 10 min, a sharp peak

is observed, which then flattens out considerably.

14
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The construction chemical products containing binders fired at 980 °C (c, f), in turn, have a

very practicable processing time.

The absolute maximum of the heat development, which represents a parameter that is easy
to determine and yet meaningful for determining the processing time of a construction chemical
product, is above 60 minutes for both construction chemical products with binders with a firing

temperature of 980 °C (c, f).
At firing temperatures > 800 °C, it is thus possible to produce binders tailored to the firing

temperature for a wide range of construction chemical products (fast-setting and slow-setting

products).

15
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Examples of embodiments:

For the preparation of a binder according to the invention, it is first provided that, in addition to
a prepared amorphous residual material containing aluminium oxide and/or aluminium
hydroxide, optionally additionally a calcium ion source and/or optionally additionally a sulphate
ion source is added. The optional addition of the calcium ion source and/or the sulfate ion
source is thereby preferably carried out before the optional addition of water, which can
advantageously be added to form hydrate phase-containing intermediates, so that before the
optional addition of the water a mixture of:

1) Processed amorphous alumina-containing and/or aluminium hydroxide-containing
residual material
2) if necessary, additionally a calcium ion source

3) if necessary, additionally a sulphate ion source.

By marking the addition of water to form hydrate phase-containing intermediate products as
an optional step, it is understood that the subsequent. Examples of embodiments can also be
produced without the addition of water, for example merely by the addition of prepared
amorphous residual material containing aluminium oxide and/or aluminium hydroxide and
subsequent heating at a temperature of > 800°C or by the addition of prepared amorphous
residual material containing aluminium oxide and/or aluminium hydroxide, a calcium ion

source and/or a sulphate ion source and subsequent heating at a temperature of > 800°C.

After carrying out the method steps provided according to the invention, the possible resulting
binders have, among other things, the mineral phases CA and/or CA; and/or CAz and/or C12A7
and/or CSA in various concentrations, depending on the raw material used. A particular
advantage of the present invention is that the main mineral phases of the resulting binder can

be easily and flexibly adjusted by the mixing ratio of the three components 1, 2 and 3.

Some exemplary formulations for these mixtures are given below. The ratios given are to be
understood as molar ratios, based on the aluminium content in the prepared amorphous
alumina-containing and/or aluminium hydroxide-containing residue (1), on the calcium content

in the calcium ion source (2) and on the sulphate content in the sulphate ion source (3).

16



10

15

20

25

30

Binder mixture 1 (CA mixture):

1) 762%
2)  238%
3)  00%

Binder mixture 2 (CA, mixture):

1)  854%
2) 146 %
3)  00%

Binder mixture 3 (C12A7 mixture):

1)  66,1%
2)  339%
3)  00%

Binder mixture 4 (CSA mixture):

1)  533%
2)  20,0%
3) 267%

Binder mixture 5 (Pure aluminate-containing binder):

1) 100 %
2) 0%
3) 0%

In particular, the binders according to the invention can be prepared according to a method
according to the invention by providing components (1) or mixtures of components 1, 2 and 3,
optionally adding water to these components or mixtures to form hydrates, preparing these

hydrates, and heating the prepared hydrates to a temperature of > 800 °C.

17
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As described above, the binders of the invention can also be prepared without the addition of

water to form hydrate phase intermediates.

The versatile, different binders according to the invention which can be produced by means of
the mixtures listed in the embodiments are not only versatile in use and can be produced
simply and inexpensively, but also at the same time make a contribution to sustainable
construction, which is provided in particular by the fact that resources are conserved for the
production of the hydraulic binders by using residual or waste materials for the production of
the binders, which would otherwise have to be disposed of in a complex and cost-intensive

manner.
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22
24
26
28
30

32

34
36

mV

List of reference signs

Residual component
Calcium ion source component

Sulphate ion source component

Preparation of an amorphous residual material rich in aluminium oxide and/or
aluminium hydroxide

Adding a calcium ion source

Adding a sulfate ion source

Addition of water to form hydrate phase intermediates

Preparation of the intermediate products containing hydrate phases

Heating of the residual material/mixture of materials/prepared intermediate
products containing hydrate phases

Preparation of the fired material

Use of the binder for the manufacture of a construction chemical product,

Use of the construction chemical product

Voltage
Millivolt
Time
Hours

Kelvin

CaO
Al,Os
SOs3

construction chemical product containing 20 wt.% of a raw material based
binder, internally designated as "CA", produced at 180 °C

construction chemical product containing 20 wt.% of a raw material based
binder, internally designated "CA", prepared at 800 °C

Construction chemical product containing 20 wt.% of a raw material based

binder, internally designated "CA", prepared at 980 °C

19



construction chemical product containing 20 wt.%of a raw material based
binder, internally designated "CA.", prepared at 180 °C

construction chemical product containing 20 wt.% of a raw material based
binder, internally designated as "CA.", produced at 800 °C

construction chemical product containing 20 wt.% of a raw material

based binder, internally designated "CA", prepared at 980 °C
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Claims

A method for producing a binder comprising:

- Processing (20) of a residual material comprising amorphous alumina-rich and/or
aluminium hydroxide-rich components,

- Heating (30) the residue to produce a fired material,

characterized in that

the heating (30) of the residual material takes place at a temperature of > 800 °C.

The method of claim 1,
characterized in that
the residual material is formed at least partially, preferably completely, in the form of water

treatment residues, in particular in the form of drinking water treatment residues.

The method according to claim 1 or 2,
characterized in that
the residual material has an X-ray amorphous content of more than 80 wt.%, preferably of

more than 85 wt.%, in particular of more than 90 wt.%.

The method according to any one of the preceding claims,

characterized in that

the processing (20) of the residual material comprises the removal of water, the removal
of water preferably being carried out via a heating and/or a mechanical dewatering

process.

The method according to any one of the preceding claims,

characterized in that

the processing (20) of the residual material comprises shredding, the residual material
preferably being shredded to a particle size of less than 100 um, particularly preferably to

a particle size of less than 50 um, in particular to a particle size of less than 40 ym.
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10.

The method according to any one of the preceding claims,
characterized in that
the processing (20) of the residual material takes place in such a way that a residual

content of organic material remains in the residual material as a fuel source.

The method according to any one of the preceding claims,

characterized in that

in addition, a source of calcium ions is added (22) before the residual material is heated
(30) in order to produce a mixture of materials.

The method according to any one of the preceding claims,
characterized in that
i a source of sulphate ions is additionally added (24) before the residual material is heated

(30) in order to produce a mixture of materials.

The method according to any one of the preceding claims,

characterized in that

the substances

1) of a residual material,

2) a calcium ion source according to claim 7, and

3) a sulfate ion source according to claim 8 in the following weight ratios:

Component 1 at 10.0 - 100.0 wt.%, component 2 at 0.0 - 90.0 wt.% and component 3 at
0.0 - 90.0 wt.% based on the dry content of the sum of the weight of components 1, 2 and
3.

The method according to any one of the preceding claims,

characterized in that

prior to heating (30) of the residual material and/or prior to heating (30) of the material
mixture, an addition (26) of water takes place for the formation of intermediate products

containing hydrate phases.
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12.

13.

14.

The method according to any one of the preceding claims,
characterized in that
additionally a processing (28) of the hydrate phase-containing intermediate products is

provided, the processing (28) preferably comprising a drying and/or shredding.

The method according to any one of the preceding claims,

characterized in that

a compacting of the residual material and/or of the material mixture and/or of the
intermediate products containing hydrate phases is provided for minimizing the proportion
of fine material, the compacting preferably comprising a briquetting for the production of
briquettes and/or a pelletizing for the production of pellets and/or a granulating for the

production of granules and/or a pressing for the production of pressed bodies.

The method according to any one of the preceding claims,

characterized in that

the heating (30) of the residual material and/or of the mixture of materials and/or of the
prepared hydrate phase-containing intermediate products takes place at a temperature of
> 800°C, preferably at a temperature between 800°C and 1700°C, particularly preferably
at a temperature between 900°C and 1150°C, in particular at a temperature between
950°C and 1050°C.

The method of claim 13,
characterized in that
the heating (30) takes place in a rotary kiln and/or in a melting furnace and/or in an electric

arc furnace and/or in a tank shaft furnace and/or in a fluidized bed calciner.
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15.

16.

17.

18.

19.

20.

The method according to any one of the preceding claims,

characterized in that

a preparation (32) of the fired material is provided, wherein the preparation (32) of the fired
material comprises shredding, wherein the fired material is preferably shredded to a
particle size of less than 100 pym, particularly preferably to a particle size of less than 50

Mm, in particular to a particle size of less than 40 pm.

The method according to any one of the preceding claims,
characterized in that
the preparation (32) of the fired material comprises the addition of additives such as

grinding aids, ageing inhibitors and/or anti-dusting agents.

A Binder, in particular producible by a process according to any one of the preceding
claims,

characterized in that

the binder comprises aluminates and/or calcium aluminates and/or calcium

sulfoaluminates.

The binder according to claim 15,
characterized in that
the calcium aluminate comprises CA and/or CA; and/or C3A and/or C1,A7 and/or the

calcium sulfoaluminates comprise CSA, in particular Ye'elimit.

A Use (34) of a binder according to claim 17 or 18, for the manufacture of a construction
chemical product, preferably a screed, a filling compound, a tile adhesive, a levelling

compound, a mortar, a grout or a plaster.

A construction chemical product comprising a binder according to any one of claims 17 or
18, wherein the binder is present in the construction chemical product at a level of 0.1 wt%-
80 wt%, preferably 1 wt%-50 wt%, more preferably 5 wt%-30 wt%, wherein the

construction chemical product additionally comprises fillers and/or additives.
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