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Hollow spherical glass particles

The present invention is directed to hollow aluminosilicate glass particles and a process for the
production thereof. Further, the present invention is directed to an article comprising said hollow
aluminosilicate glass particles as well as the use of said particles as a filler for high temperature
products, molten metal, injection moulded synthetic materials, flame-retardant insulating foams,
cement slurries, mortars, concretes and oil field applications.

Hollow spherical glass particles, also known as hollow glass microspheres, are used as fillers
for materials in various fields of application. The specific gravity of hollow spherical glass
particles is significantly lower compared with other fillers while the physical properties such as
heat resistance, pressure resistance and impact resistance remain on a high level. Therefore,
hollow spherical glass particles are widely used fillers for weight-reduced articles containing
molded resin or metal components, e.g. automotive parts, household articles, sealing materials
or construction materials.

The methods known in the art for producing hollow spherical glass particles usually involve the
dispersion of a dried fine glass powder in a hot air of high temperature, wherein the glass is
heated so that the viscosity of the glass decreases. At the same time, a gas is formed by heat
decomposition of a foaming agent. Accordingly, due to the surface tension, the shape of the
resulting particles will be spherical and at the same time, the particles will be hollow due to the
gas formed in the particles.

Regarding the chemical composition of the hollow spherical glass particles, borosilicate glass is
widely used due to its superior chemical and mechanical resistance. For instance, JP-A-58-
156551 discloses a process for forming hollow borosilicate glass microspheres from starting
materials such as SiO2, HzBO3, CaCOs, Na2CO3, NH4H2PO4 and NaxSO4. However, the
application of boric acid as starting material can result in the formation of toxic compounds
during the production process of the hollow spherical glass particles. According to current EU
legislation (REACH), boric acid and boric acid esters have been classified as harmful to health.
Preparations shall therefore be labeled as toxic with the hazard statement "May impair
procreation” starting at a boron content of 1%. Due to these increasing requirements and to
avoid hazards during the process, the application of boron-free starting materials is preferred.

WO 2017/108831 discloses a method for the preparation of hollow spherical alumosilicate glass
particles using Al2O3, SiO2 and at least one alkali metal oxide as starting materials. Accordingly,
the resulting hollow spherical glass particles are free of boron and a particle size in the range of
10 to 600 um is disclosed, but the diameter of the particles obtained according to

WO 2017/108831 is at least 80 ym and the wall thickness is rather inhomogenous which has a
deteriorating effect on the mechanical properties of the particles. Further, particles having a size
of 80 um or above are not suitable as fillers for articles having a more refined surface structure
or in case excellent haptic properties of the filled article are desired.
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Accordingly, there is a need in the art for boron-free hollow spherical glass particles featured by
improved mechanical properties.

Therefore, it is an object of the present invention to provide boron-free hollow spherical glass
particles having a small particle diameter and a homogenous wall thickness as well as a
process for the preparation of said hollow spherical glass particles.

The foregoing and other objects are solved by the subject-matter of the present invention.

According to a first aspect of the present invention, a hollow spherical glass particle comprising
a spherical glass shell defining a hollow interior is provided, said hollow spherical glass particle
comprising

i) at least 30 wt.-% of Al,Os,

i) atleast 35 wt.-% of SiO2, and

iii) atleast 18 wt.-% of at least one alkali metal oxide,

based on the overall weight of the hollow spherical glass particle,

wherein the hollow spherical glass particle has a particle diameter in the range of more than 20
to 75 uym,

and wherein the hollow spherical glass particle is free of boron.

It was surprisingly found by the inventors that hollow spherical glass particles having a diameter
in the range of more than 20 to 75 um can be obtained from a starting material composition
comprising Al,Os, SiO> and at least one alkali metal oxide. Particles of this size can be applied
for articles having a more refined surface structure.

It is especially preferred that the hollow spherical glass particle has a particle diameter in the
range of more than 20 to 70 pm.

According to one embodiment of the present invention, the at least one alkali metal is selected
from Na2O, K20 or mixtures thereof. In particular, it is preferred that the at least one alkali metal
oxide is a mixture of Na2.O and K20.

According to another embodiment of the present invention, the weight ratio between Na>O and
K20 is in the range of 10:1 to 30:1.

According to a further embodiment the ratio between the particle diameter [in um] and the wall
thickness [in um] is in the range of 10 to 30, more preferably in the range of 15 to 25, still more
preferably in the range of 17 to 23, like in the range of 20 to 22. Without being bound to theory,
a ratio between the particle diameter and the wall thickness within said range improves the
mechanical stability of the hollow spherical glass particle.

Accordingly, it is preferred that the hollow spherical glass particle according to the present
invention has a wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2
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to 12 pm, still more preferably in the range of 1.5 to 10 pym, like in the range of 0.3 to 7.0 um. A
wall thickness in this range is also advantageous for the mechanical properties.

It is especially preferred that the hollow spherical glass particle comprises
i) 30 to 45 wt.-% of Al,O3,

i)  35to 42 wt.-% of SiO2, and

i) 18 to 30 wt.-% of a mixture of Na.O and K20,

based on the overall weight of the hollow spherical glass particle.

According to one embodiment of the present invention, the hollow spherical glass particle has a
pressure collapse strength value in the range of 120 to 150 MPa. The method for determining
the pressure collapse strength value is described in more detail below.

The present invention is further directed to a plurality of hollow spherical glass particles as
defined above.

It is especially preferred that the plurality of hollow spherical glass particles has an average
particle diameter (D50) in the range of more than 20 to 75 um.

The present invention is also directed to a process for the preparation of hollow spherical glass

particles, comprising the steps of

a) providing a composition comprising
i) at least 30 wt.-% of Al,O3,
i) atleast 35 wt.-% of SiO2, and
i) atleast 18 wt.-% of at least one alkali metal oxide,
based on the overall weight of the composition,

b)  optionally subjecting the composition obtained in step a) to a grinding process such that
finely ground particles having a particle size of 10.0 ym or below are obtained,

¢)  mixing the finely ground particles obtained in step b) with water and optionally an organic
binder, thereby obtaining a slurry,

d)  spray-drying the slurry obtained in step c¢), and

e1) feeding the particles obtained in step d) into a heating device such that the particles are
blown upwards while the temperature is maintained above 1000 °C, thereby obtaining the
hollow spherical glass particles,

or

e2) feeding the particles obtained in step d) into a heating system comprising at least two
heating devices connected in series such that the particles pass through the first heating
device and are continuously transferred into the subsequent heating devices while the
temperature in the heating devices is maintained above 1000 °C, thereby obtaining the
hollow spherical glass particles,

or

e3) feeding the particles obtained in step d) into at least one heating device such that the
particles pass through the heating device while the temperature in the heating devices is
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maintained above 1000 °C and at least a part of the thus obtained particles is transferred
back into the heating device such that the particles pass through the heating device,
thereby obtaining the hollow spherical glass particles.

According to one embodiment of the present invention, the finely ground particles obtained in
step b) contain a first fraction of particles having a particle size in the range of 1.0 to 10.0 ym,
preferably in the range of 1.0 to 7.0 um and a second fraction of particles having a particle size
of 1.0 um or below.

According to another embodiment of the present invention, the organic binder is a higher hydric
alcohol.

It is especially preferred that the hollow spherical glass particles obtained according to the
process are hollow spherical glass particles as described above.

The present invention is further directed to an article, comprising the plurality of hollow spherical
glass particles as described above.

Preferably, said article is a high temperature product, an injection moulded synthetic material, a
flame-retardant insulating foam, a cement slurry, a mortar or concrete.

The present invention is also directed to the use of the plurality of hollow spherical glass
particles described above as a filler for high temperature products, molten metal, injection
moulded synthetic materials, flame-retardant insulating foams, cement slurries, mortars,
concretes and oil field applications.

In the following, the present invention is described in more detail.

Figure 1 (Fig. 1) depicts a pilot plant, comprising a gas stream (1), a dosing unit (3), a distributor
unit having a perforated, double-tapered plate (4), three heating zones (5), a tube furnace,
having a ceramic tube, heated from the outside (6), a separator (7), and a separator good
collector (8). The particles (2) are lead through the pilot plant.

Figure 2 (Fig. 2) depicts the microscopic picture of the particle mixture after separator good
collection.

Figure 3 (Fig. 3) depicts the microscopic picture of the particles after flotation separation.

The present invention provides hollow spherical alumosilicate glass particles which are hollow
glass microspheres having an average particle size in the range of more than 20 to 75 ym. As
outlined above, the hollow spherical glass particles according to the present invention comprise
Al,O3, SiO; and at least one alkali metal oxide.



10

15

20

25

30

35

40

WO 2020/020921 5 PCT/EP2019/069865

In particular, the inventive hollow spherical glass particle comprises at least 30 wt.-%, preferably
30 to 45 wt.-%, more preferably 33 to 40 wt.-%, still more preferably 35 to 38 wt.-% of Al,O3, at
least 35 wt.-%, preferably 35 to 55 wt.-%, more preferably 40 to 46 wt.-%, still more preferably
41 to 42 wt.-% of SiO», and at least 18 wt.-%, preferably 18 to 30 wt.-%, more preferably 20 to
24 wt.-%, still more preferably 21 to 23 wt.-% of the at least one alkali metal oxide, based on the
overall weight of the hollow spherical glass particle.

Preferably, the hollow spherical glass particle comprises at least two alkali metal oxides
selected from the group consisting of Li2O, Na>O and K-O.

It is especially preferred that the at least one alkali metal oxide within the hollow spherical glass
particle is a mixture of Na>O and K>O.

Accordingly, it is preferred that the inventive hollow spherical glass particle comprises at least
30 wt.-%, preferably 30 to 45 wt.-%, more preferably 33 to 40 wt.-%, still more preferably 35 to
38 wt.-% of Al,Os3, at least 35 wt.-%, preferably 35 to 55 wt.-%, more preferably 40 to 46 wt.-%,
still more preferably 41 to 42 wt.-% of SiO,, and at least 18 wt.-%, preferably 18 to 30 wt.-%,
more preferably 20 to 24 wt.-%, still more preferably 21 to 23 wt.-% of a mixture of Na,O and
K20, based on the overall weight of the hollow spherical glass particle.

Preferably, the weight ratio between Na>,O and K>O within said mixture is in the range of 10:1 to
30:1, more preferably in the range of 15:1 to 25:1, still more preferably in the range of 18:1 to
22:1, like in the range of 20:1 to 21:1.

Accordingly, it is preferred that the inventive hollow spherical glass particle comprises at least
30 wt.-%, preferably 30 to 45 wt.-%, more preferably 33 to 40 wt.-%, still more preferably 35 to
38 wt.-% of Al.Os, at least 35 wt.-%, preferably 35 to 55 wt.-%, more preferably 40 to 46 wt.-%,
still more preferably 41 to 42 wt.-% of SiOp, at least 10 wt.-%, preferably 10 to 30 wt.-%, more
preferably 15 to 24 wt.-%, still more preferably 18 to 23 wt.-% of Na,O and at least 0.5 wt.-%,
more preferably 0.5 to 5 wt.-%, still more preferably 1.0 to 2.0 wt.-% of K>O, based on the
overall weight of the hollow spherical glass particle.

As outlined above, it is an object of the present invention to provide hollow spherical glass
particles which are free of boron. Accordingly, the inventive hollow spherical glass particle is
free of boron.

As used herein, the term “free of boron” or “boron-free” is related to a composition or material
comprising boron in amounts outside the detection limit of usual determination methods. In
particular, it is preferred that the hollow spherical glass particle comprises boron in an amount
equal or below 1.0 wt.-%, more preferably equal or below 0.1 wt.-%, still more preferably equal
or below 0.01 wt.-%, like equal or below 0.001 wt.-%, based on the overall weight of the hollow
spherical glass particle.
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Although the inventive hollow spherical glass particle must contain Al203, SiO2 and at least one
alkali metal oxide in amounts as indicated above, the starting material for the inventive hollow
spherical glass particles is not limited to any particular source. Any starting composition
providing Al2O3, SiO2 and at least one alkali metal oxide in amounts as indicated above is
suitable. Suitable starting materials may be selected from zeolites, clays, mica or mixtures
thereof. Preferably, the starting material is a zeolite.

Additionally or alternatively to the previous paragraph, it is preferred that no compounds
containing boron are used for the preparation of the hollow spherical glass particle.

According to one embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 70 um, more preferably in the range
of 21 to 50 um, still more preferably in the range of 22 to 45 um, like in the range of 23 to 38 um.

According to another embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 60 um, more preferably in the range
of 21 to 55 um, still more preferably in the range of 22 to 43 um, like in the range of 23 to 35 um.

According to a further embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 50 um, more preferably in the range
of 21 to 47 um, still more preferably in the range of 22 to 41 um, like in the range of 23 to 32 um.

According to still another embodiment of the present invention, the inventive hollow spherical
glass particle has a particle size in the range of more than 20 to 40 um, more preferably in the
range of 21 to 44 pm, still more preferably in the range of 22 to 31 ym, like in the range of 23 to
29 um.

According to another embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 30 um, more preferably in the range
of 21 to 28 um, still more preferably in the range of 22 to 26 um, like in the range of 23 to 25 um.

It is preferred that the hollow spherical glass particle according to the present invention has a
wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2 to 12 pm, still
more preferably in the range of 1.5 to 10 pm, like in the range of 0.3 to 7.0 um. Such a wall
thickness provides an enhanced mechanical stability. As a result, the hollow spherical glass
particle may advantageously be used for construction articles for indoor and outdoor
applications such as windowsills, door panels and the like.

Additionally or alternatively to the previous paragraph, it is preferred that the ratio between the
particle diameter [in um] and the wall thickness [in um] of the hollow spherical glass particle
according to the invention is in the range of 10 to 30, more preferably in the range of 15 to 25,
still more preferably in the range of 17 to 23, like in the range of 20 to 22.
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According to one embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 70 um, more preferably in the range
of 21 to 50 um, still more preferably in the range of 22 to 45 um, like in the range of 23 to 38 um
and a wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2 to 12 um,
still more preferably in the range of 1.5 to 10 um, like in the range of 0.3 to 7.0 um.

According to another embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 60 um, more preferably in the range

of 21 to 55 um, still more preferably in the range of 22 to 43 um, like in the range of 23 to 35 um
and a wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2 to 12 um,

still more preferably in the range of 1.5 to 10 um, like in the range of 0.3 to 7.0 um.

According to a further embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 50 um, more preferably in the range
of 21 to 47 um, still more preferably in the range of 22 to 41 um, like in the range of 23 to 32 um
and a wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2 to 12 pm,
still more preferably in the range of 1.5 to 10 um, like in the range of 0.3 to 7.0 um.

According to still another embodiment of the present invention, the inventive hollow spherical
glass particle has a particle size in the range of more than 20 to 40 um, more preferably in the
range of 21 to 44 um, still more preferably in the range of 22 to 31 um, like in the range of 23 to
29 ym and a wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2 to
12 um, still more preferably in the range of 1.5 to 10 um, like in the range of 0.3 to 7.0 um.

According to another embodiment of the present invention, the inventive hollow spherical glass
particle has a particle size in the range of more than 20 to 30 um, more preferably in the range

of 21 to 28 um, still more preferably in the range of 22 to 26 um, like in the range of 23 to 25 um
and a wall thickness in the range of 0.1 to 15 um, more preferably in the range of 0.2 to 12 um,

still more preferably in the range of 1.5 to 10 um, like in the range of 0.3 to 7.0 um.

Further, it is preferred that the hollow spherical glass particle according to the present invention
has a pressure collapse strength value in the range of 120 to 150 MPa, more preferably in the
range of 125 to 140 MPa, still more preferably in the range of 130 to 135 MPa.

For the determination of the pressure collapse strength value, hollow spherical glass particles
are transferred into a cylinder which is closed at the bottom and can be subjected to pressure
on top by means of a punch. The hollow spherical glass particles are pressed by the punch as
in a press. The filling height of the hollow spherical glass particles in the cylinder depends on
the particle size. The cylinder is located in a tensile-/compression testing device controlling the
force of the punch. Accordingly, a defined normal force or surface pressure is generated. The
results are evaluated by determining the percentage of hollow spherical glass particles which
have been destroyed by means of microscopy or macroscopy depending on the particle size.
The cylinder used for the procedure has an inner diameter of 20 mm and a cylindrical inside
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length of 80 mm. The filling height was 20 mm. The criterion was based on 80% intact hollow
spherical glass particles of the appropriate diameter.

The hollow spherical glass particle should be applicable as a filler for high temperature
products, molten metal, injection moulded synthetic materials and flame-retardant insulating
foams. Thus, the hollow spherical glass particle should be able to withstand the conditions for
the production of said articles. Accordingly, it is preferred that the hollow spherical glass particle
according to the present invention has a melting temperature of at least 800 °C, more preferably
at least 1000 °C, still more preferably at least 1200 °C, like at least 1400 °C. A melting
temperature in this range also allows the application of the hollow spherical glass particle in oil
field applications.

The present invention is also directed to a plurality of hollow spherical glass particles as
described above.

The above mentioned ranges for the particle diameter of the hollow spherical glass particle
apply accordingly for the plurality of hollow spherical glass particles. For the plurality of hollow
spherical glass particles, said particle diameters represent average values.

Preferably, the above mentioned ranges for the particle diameters represent D10 values, i.e.
10% of the plurality of hollow spherical glass particles fulfils the above mentioned requirements
regarding the particle diameter.

More preferably, the above mentioned ranges for the particle diameters represent D50 values,
i.e. 50% of the plurality of hollow spherical glass particles fulfils the above mentioned
requirements regarding the particle diameter.

Most preferably, the above mentioned ranges for the particle diameters represent D90 values,
i.e. 90% of the plurality of hollow spherical glass particles fulfils the above mentioned
requirements regarding the particle diameter.

Preferably, said plurality of hollow spherical glass particles has a density in the range of 0.4 to
1.2 g/cm?3, more preferably in the range of 0.5 to 1.0 g/cm3, still more preferably in the range of
0.6 to 0.9 g/cm?, like in the range of 0.7 to 0.8 g/cm3.

The present invention is also directed to a process for the preparation of hollow spherical glass
particles.

According to step a) of the inventive process, a composition is provided, said composition
comprising

i) at least 30 wt.-% of Al,Os,

i) atleast 35 wt.-% of SiO2, and

i) atleast 18 wt.-% of at least one alkali metal oxide,
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based on the overall weight of the composition.

In particular, the composition comprises at least 30 wt.-%, preferably 30 to 45 wt.-%, more
preferably 33 to 40 wt.-%, still more preferably 35 to 38 wt.-% of Al,Os, at least 35 wt.-%,
preferably 35 to 55 wt.-%, more preferably 40 to 46 wt.-%, still more preferably 41 to 42 wt.-% of
SiO2, and at least 18 wt.-%, preferably 18 to 30 wt.-%, more preferably 20 to 24 wt.-%, still more
preferably 21 to 23 wt.-% of the at least one alkali metal oxide, based on the overall weight of
the composition.

Regarding the at least one alkali metal oxide, the composition may contain any alkali metal
source suitable for glass production. Preferably, the composition comprises at least two alkali
metal selected from the group consisting of Li, Na and K.

It is especially preferred that the at least one alkali metal oxide within the composition is a
mixture of Na and K.

Accordingly, it is preferred that the composition comprises at least 30 wt.-%, preferably 30 to
45 wt.-%, more preferably 33 to 40 wt.-%, still more preferably 35 to 38 wt.-% of Al,Os, at least
35 wt.-%, preferably 35 to 55 wt.-%, more preferably 40 to 46 wt.-%, still more preferably 41 to
42 wt.-% of SiO», and at least 18 wt.-%, preferably 18 to 30 wt.-%, more preferably 20 to

24 wt.-%, still more preferably 21 to 23 wt.-% of a mixture of Na>O and KO, based on the
overall weight of the composition.

Preferably, the weight ratio between Na>O and K>O within said mixture is in the range of 10:1 to
30:1, more preferably in the range of 15:1 to 25:1, still more preferably in the range of 18:1 to
22:1, like in the range of 20:1 to 21:1.

Accordingly, it is preferred that the composition comprises, more preferably consists of, at least
30 wt.-%, preferably 30 to 45 wt.-%, more preferably 33 to 40 wt.-%, still more preferably 35 to
38 wt.-% of Al,O3, at least 35 wt.-%, preferably 35 to 55 wt.-%, more preferably 40 to 46 wt.-%,
still more preferably 41 to 42 wt.-% of SiO, at least 10 wt.-%, preferably 10 to 30 wt.-%, more
preferably 15 to 24 wt.-%, still more preferably 18 to 23 wt.-% of Na,O and at least 0.5 wt.-%,
more preferably 0.5 to 5 wt.-%, still more preferably 1.0 to 2.0 wt.-% of K»O, based on the
overall weight of the composition.

Further, it is preferred that the composition is free of boron. Regarding the term “free of boron”,
reference is made to the definition provided above. Accordingly, it is preferred that the
composition comprises boron in an amount equal or below 1.0 wt.-%, more preferably equal or
below 0.1 wt.-%, still more preferably equal or below 0.01 wt.-%, like equal or below

0.001 wt.-%, based on the overall weight of the composition. Additionally or alternatively, it is
preferred that no compounds containing boron are used for the preparation of the composition.
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The composition is obtained by selecting and if required mixing appropriate sources of Al,Os,
SiO2 and the at least one alkali metal oxide, preferably Na,O and K20, in amounts as outlined
above.

As outlined above, the starting material for the preparation of the hollow spherical glass particle,
i.e. the composition provided in step a) of the inventive process, may be selected from zeolites,
clays, mica or mixtures thereof.

Especially for industrial application, the composition provided in step a) may need further
grinding. Hence, according to one aspect of the present invention, according to step b) of the
inventive process, the composition obtained in step a) is subjected to a grinding process.

As outlined above, the hollow spherical glass particle according to the present invention has a
particle size below 100 um. For obtaining such small particles, it is advantageous that the
composition obtained in step a) is grinded to a small particle size in order to obtain a precursor
material for the inventive hollow spherical glass particle.

Therefore, the composition in step a) is grinded such that finely ground particles having a
particle size of 10 um or below, preferably of 7.0 um or below are obtained. More preferably, the
particles obtained after the grinding step b) have a particle size equal or below 5.0 pm, still more
preferably equal or below 3.0 um, like equal or below 2.0 um. The composition can be milled in
a ball mill using a suitable grinding medium in order to achieve the desired particle size.
Appropriate grinding media are known in the art. The grinding process can be dry or wet.

According to one embodiment of the present invention, it is preferred that the grinded
composition obtained in step b) comprises two fractions having different particle sizes. In
particular, it is preferred that the first fraction has a particle size in the range of 1.0 to 10.0 um,
preferably in the range of 1.0 to 7.0 um, more preferably in the range of 2.0 to 5.0 um, still more
preferably in the range of 2.5 to 3.5 um, like in the range of 2.8 to 3.2 ym, and the second
fraction has a particle size equal or below 1.0 um, preferably equal or below 0.5 uym, more
preferably equal or below 0.4 um, still more preferably equal or below 0.3 um, like equal or
below 0.2 pm.

Preferably, the weight ratio between the first fraction and the second fraction is in the range of
90:10 to 10:90, more preferably in the range of 80:20 to 20:80, still more preferably in the range
of 70:30 to 30:70, like in the range of 60:40 to 40:60.

The grinded composition comprising two fractions having different particle sizes as described
above can be obtained by preparing the first fraction and the second fraction in separate
processes using appropriate grinding media and combining the two fractions in a weight ratio as
indicated above.
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The finely ground particles optionally obtained in step b) are subsequently mixed with water and
optionally an organic binder to obtain a slurry so that the particles have sufficient flowability for
the following spray-drying step.

Accordingly, in step ¢) of the inventive process, the finely ground particles obtained in step b)
are mixed with water and optionally an organic binder, thereby obtaining a slurry.

Preferably, said organic binder is a higher hydric alcohol. In particular, it is preferred that said
organic binder is selected from the group consisting of glycerin, glycol, xylitol, sorbitol, erythritol,
starch, polyvinyl alcohols or mixtures thereof. It is especially preferred that said organic binder is
glycerin or glycol.

It is preferred that the slurry comprises up to 80.0 wt.-%, more preferably 40.0 to 80.0 wt.-%, still
more preferably 50.0 to 70.0 wt.-%, like 60.0 to 65 wt.-% of the finely ground particles obtained
in step b), up to 25.0 wt.-%, more preferably 10.0 to 25.0 wt.-%, still more preferably 12.0 to
23.0 wt.-%, like 15.0 to 20.0 wt.-% of water and up to 25.0 wt.-%, more preferably 1.0 to

25.0 wt.-%, still more preferably 1.5 to 10.0 wt.-%, like 2.0 to 5.0 wt.-% of the organic binder,
based on the overall weight of the slurry.

Further, a dispersant may be used in order to assist with mixing, suspending and dispersing the
particles. Thus, the slurry may further comprise a dispersant. Preferably, said dispersant is
selected from polymeric dispersants such as polyvinyl or polyacryl compounds. In particular, the
dispersant is selected from the group consisting of polyvinyl pyrrolidone, polyacrylate,
polyacrylate copolymers or mixtures thereof. Non-limiting examples for suitable dispersants are
the commercial products Luviskol K90 and Sokalan PA 15 of BASF.

Preferably, the slurry comprises, more preferably consists of, up to 80.0 wt.-%, more preferably
40.0 to 80.0 wt.-%, still more preferably 50.0 to 70.0 wt.-%, like 60.0 to 65 wt.-% of the finely
ground particles obtained in step b), up to 25.0 wt.-%, more preferably 10.0 to 25.0 wt.-%, still
more preferably 12.0 to 23.0 wt.-%, like 15.0 to 20.0 wt.-% of water, up to 25.0 wt.-%, more
preferably 1.0 to 25.0 wt.-%, still more preferably 1.5 to 10.0 wt.-%, like 2.0 to 5.0 wt.-% of the
organic binder and up to 2.0 wt.-%, more preferably 0.01 to 2.0 wt.-%, still more preferably 0.1
to 1.5 wt.-%, like 1.0 to 1.3 wt.-% of the dispersant, based on the overall weight of the slurry.

In one preferred embodiment of the present invention, the slurry does not comprise an organic
binder.

In step d) of the inventive process, the slurry obtained in step ¢) is spray-dried. Preferably, the
slurry is spray-dried at a temperature in the range of 150 to 250 °C.

The thus obtained spray-dried particles are subsequently fed into a heating device in order to
obtain the hollow spherical glass particles.
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The hollow spherical glass particle according to the present invention has a rather small particle
size below 100 pym. Using conventional heating devices wherein the precursor particles
obtained from spray-drying the finely ground starting material are fed through the heating device
from top to bottom, i.e. such that the particles fall through the heating device, isolating such
small particles is often not feasible. Without being bound to theory, the sinking speed of the
particles when falling through the heating device is proportional to the square of the particle
size. Accordingly, the residence time of finely dispersed small particles in the heating device is
longer. Further, small particles are more susceptible towards flow turbulences occurring within
the heating device. Therefore, the application of heating devices wherein the precursor particles
are fed from top to bottom are more appropriate for the preparation of larger particles.

Therefore, the application of a modified heating device is advantageous in order to obtain the
inventive hollow spherical glass particles having a particle size below 100 pm.

According to one embodiment of the present invention, the particles obtained in step d) are fed
into a heating device such that the particles are blown upwards while the temperature is
maintained above 1000 °C, thereby obtaining the hollow spherical glass particles.

More preferably, the temperature in the heating device is in the range of more than 1000 to
1700 °C, still more preferably in the range of 1300 to 1400 °C.

Preferably, the particles obtained in step d) are blown upwards by means of an upturned drag
flow. Without being bound to theory, the flow resistance of the expanded particles is higher
which are, therefore, accelerated more within the upturned drag flow due to their larger surface-
related flow resistance. Accordingly, the application of a heating device which is passed from
bottom to top enables the isolation of small particles in accordance with the present invention.

Preferably, the particles obtained in step d) are passed through the heating device by means of
defibrating air.

Further, it is preferred that the carrier gas is nitrogen or air.

Preferably, the volume fraction of solid particles in the carrier gas is below 5.0 vol.-%, more
preferably in the range of 0.05 to 1.0 vol.-%, based on the overall volume of the carrier gas. The
solid particles are the particles obtained in step d).

According to another embodiment of the present invention, the particles obtained in step d) are
fed into a heating system comprising at least two heating devices connected in series such that
the particles pass through the first heating device and are continuously transferred into the
subsequent heating devices while the temperature in the heating devices is maintained above
1000 °C, thereby obtaining the hollow spherical glass particles.
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During the heating process, a high number of hollow glass particles is formed which are not fully
closed spheres or have inclusions of air within the walls. The mechanical stability of such
incompletely formed particles is often poor whereupon the quality of the hollow glass particles is
not satisfying. When the hollow glass particles are passed through more than one heating
device, the incompletely formed particles become closed spheres and the inclusions in the walls
are reduced. Accordingly, the application of more than one heating device improves the
mechanical stability of the hollow spherical glass particles.

The at least two heating devices may be heating devices wherein the particles obtained in step
d) are passed through from top to bottom or from bottom to top. According to a preferred
embodiment of the present invention, at least one of the at least two heating devices is a
heating device wherein the particles obtained in step d) are passed through from bottom to top.

Preferably, the particles obtained in step d) are passed through the heating device by means of
defibrating air.

Further, it is preferred that the carrier gas is nitrogen or air.

In case the particles are passed through the heating device from bottom to top, the volume
fraction of solid particles in the carrier gas is below 5.0 vol.-%, more preferably in the range of
0.05 to 1.0 vol.-%, based on the overall volume of the carrier gas. The solid particles are the
particles obtained in step d).

On the other hand, in case the particles are passed through the heating device from top to
bottom, the volume fraction of solid particles in the carrier gas is below 10.0 wt.-%, more
preferably in the range of 0.1 to 2.0 vol.-%, based on the overall volume of the carrier gas. The
solid particles are the particles obtained in step d).

Preferably, at least two heating devices, like three, four or five heating devices connected in
series are applied.

For instance, it is preferred that the hollow spherical glass particles are produced in a sequential

process comprising the steps of

i) feeding the particles obtained in step d) into a first heating device (H1) while the
temperature in the first heating device (H1) is maintained above 1000 °C, thereby
obtaining a first fraction of hollow spherical glass particles (F1),

i)  feeding the first fraction of hollow spherical glass particles (F1) obtained in step i) into a
second heating device (H2) while the temperature in the second heating device (H2) is
maintained above 1000 °C, thereby obtaining a second fraction of hollow spherical glass
particles (F2),

i)  optionally feeding the second fraction of hollow spherical glass particles (F2) obtained in
step ii) into a third heating device (H3) while the temperature in the third heating device
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(H3) is maintained above 1000 °C, thereby obtaining a third fraction of hollow spherical
glass particles (F3), and

iv)  optionally feeding the third fraction of hollow spherical glass particles (F3) obtained in step
iii) into a fourth heating device (H4) while the temperature in the fourth heating device (H4)
is maintained above 1000 °C, thereby obtaining a fourth fraction of hollow spherical glass
particles (F4),
said first, second, third and fourth fraction of hollow spherical glass particles (F1) and (F2)
and optionally (F3) and (F4) forming the hollow spherical glass particles.

It is preferred that the first heating device (H1) and/or the second heating device (H2) is/are a
heating device wherein the particles obtained in step d) are passed through from bottom to top.

Preferably, the temperature in the heating devices is in the range of more than 1000 to 1700 °C,
more preferably in the range of 1300 to 1400 °C. The temperatures in the heating devices such
as the first, second, third and fourth heating device, may be different or identical.

Further, it is preferred that the particle flow between the at least two, like three, four or five
heating devices is fed through a mixing device.

According to a further embodiment of the present invention, the particles obtained in step d) are
fed into at least one heating device such that the particles pass through the heating device while
the temperature in the heating devices is maintained above 1000 °C and at least a part of the
thus obtained particles is transferred back into the heating device such that the particles pass
through the heating device, thereby obtaining the hollow spherical glass particles.

Preferably, the particles obtained in step d) are passed through the heating device by means of
defibrating air.

Further, it is preferred that the carrier gas is nitrogen or air.

In case the particles are passed through the heating device from bottom to top, the volume
fraction of solid particles in the carrier gas is below 5.0 vol.-%, more preferably in the range of
0.05 to 1.0 vol.-%, based on the overall volume of the carrier gas. The solid particles are the
particles obtained in step d).

On the other hand, in case the particles are passed through the heating device from top to
bottom, the volume fraction of solid particles in the carrier gas is below 10.0 wt.-%, more
preferably in the range of 0.1 to 2.0 vol.-%, based on the overall volume of the carrier gas. The
solid particles are the particles obtained in step d).

The at least one heating device may be a heating device wherein the particles obtained in step
d) are passed through from top to bottom or from bottom to top.
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At least a partial flow of particles is transferred from the outlet of the heating device to the inlet
of the heating device such that said partial flow of particles is passed through the heating device
one more time while the temperature in the heating device is maintained above 1000 °C.

Preferably, said partial flow of particles contains at least 20 wt.-% of the particles obtained after
the first pass of the particles obtained in step d) through the heating device, more preferably at
least 50 wt.-%, still more preferably at least 80 wt.-%, like at least 90 wt.-%. According to one
embodiment of the present invention, the partial flow contains the entire particles obtained after
the first pass of the particles obtained in step d) through the heating device.

As indicated above, a high number of hollow glass particles which are not fully closed spheres
or have inclusions of air within the walls is formed during the heating process which has a
detrimental effect on the mechanical stability of the particles. When the hollow glass particles
are passed through the heating device repeatedly, the incompletely formed particles become
closed spheres and the inclusions in the walls are reduced.

According to a preferred embodiment of the present invention, the partial flow of particles which
is transferred from the outlet of the heating device to the inlet of the heating device such that
said partial flow of particles is passed through the heating device one more time is mostly
composed of particles which are not fully closed spheres or have inclusions of air within the
walls. Accordingly, it is preferred that said particles which are not fully closed spheres or have
inclusions of air within the walls are separated from the particles obtained after the first pass of
the particles obtained in step d) through the heating device. Preferably, the heating device
comprises a fractioning device downstream the outlet of the heating device.

The partial flow of particles is passed through the heating device one more time. In other words,
the particles of the partial flow pass the heating device a second time. After the second pass of
the particles of the partial flow, a second partial flow of particles may be transferred from the
outlet of the heating device to the inlet of the heating device such that said partial flow of
particles is passed through the heating device one more time while the temperature in the
heating device is maintained above 1000 °C.

Preferably, said second partial flow of particles contains at least 20 wt.-% of the particles
obtained after the second pass of the particles through the heating device, more preferably at
least 50 wt.-%, still more preferably at least 80 wt.-%, like at least 90 wt.-%. According to one
embodiment of the present invention, the partial flow contains the entire particles obtained after
the second pass of the particles through the heating device.

After the second pass of the particles through the heating device, a third partial flow of particles
may be transferred from the outlet of the heating device to the inlet of the heating device such
that said partial flow of particles is passed through the heating device one more time while the
temperature in the heating device is maintained above 1000 °C.
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Thus, it is preferred that at least a partial flow of particles is passed through the heating device
at least two times, like two, three or four times. The respective partial flows are partial flows of
the previous partial flows. In particular, it is preferred that the respective partial flows contain at
least 20 wt.-% of the previous partial flow, more preferably at least 50 wt.-%, still more
preferably at least 80 wt.-%, like at least 90 wt.-% of the previous partial flow. According to one
embodiment of the present invention, the respective partial flows contain the entire particles of
the previous partial flows.

For instance, it is preferred that the hollow spherical glass particles are produced in a sequential

process comprising the steps of

i) feeding the particles obtained in step d) into a heating device (H) while the temperature in
the heating device (H) is maintained above 1000 °C, thereby obtaining a first fraction of
hollow spherical glass particles (F1’),

i)  transferring at least a first partial flow (P1) of the first fraction of hollow spherical glass
particles (F1’) from the outlet of the heating device to the inlet of the heating device such
that said first partial flow of particles is passed through the heating device one more time
while the temperature in the heating device (H) is maintained above 1000 °C wherein the
first partial flow preferably contains at least 20 wt.-% of the previous partial flow, more
preferably at least 50 wt.-%, still more preferably at least 80 wt.-%, like at least 90 wt.-%,
of the first fraction of hollow spherical glass particles (F1’) obtained in step i), thereby
obtaining a second fraction of hollow spherical glass particles (F2’),

iii)  optionally transferring at least a second partial flow (P2) of the second fraction of hollow
spherical glass particles (F2’) from the outlet of the heating device to the inlet of the
heating device such that said partial flow of particles is passed through the heating device
one more time while the temperature in the heating device (H) is maintained above 1000 °
C wherein the second partial flow preferably contains at least 20 wt.-% of the previous
partial flow, more preferably at least 50 wt.-%, still more preferably at least 80 wt.-%, like
at least 90 wt.-%, of the second fraction of hollow spherical glass particles (F2’) obtained
in step ii), thereby obtaining a third fraction of hollow spherical glass particles (F3’), and

iv)  optionally transferring at least a third partial flow (P3) of the third fraction of hollow
spherical glass particles (F3’) from the outlet of the heating device to the inlet of the
heating device such that said partial flow of particles is passed through the heating device
one more time while the temperature in the heating device (H) is maintained above 1000 °
C wherein the third partial flow preferably contains at least 20 wt.-% of the previous partial
flow, more preferably at least 50 wt.-%, still more preferably at least 80 wt.-%, like at least
90 wt.-%, of the third fraction of hollow spherical glass particles (F3’) obtained in step iii),
thereby obtaining a fourth fraction of hollow spherical glass particles (F4’),

wherein the heating device optionally comprises a fractioning device downstream the outlet of

the heating device.

Preferably, the temperature in the heating device is in the range of more than 1000 to 1700 °C,
still more preferably in the range of 1300 to 1400 °C.
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Further, it is preferred that the heating device comprises a mixing device downstream the outlet
of the heating device.

As outlined above, the present invention is further directed to an article, comprising the plurality
of hollow spherical glass particles as described above.

Preferably, the article comprises at least 5.0 wt.-%, more preferably at least 20.0 wt.-%, still
more preferably at least 40.0 wt.-%, like at least 60.0 wt.-% of the plurality of hollow spherical
glass particles.

In particular, it is preferred that the article is a high temperature product, an injection moulded
synthetic material, a flame-retardant insulating foam, a cement slurry, a mortar or concrete.

Further, the present invention is also directed to the use of the plurality of hollow spherical glass
particles as described above as a filler for high temperature products, molten metal, injection
moulded synthetic materials, flame-retardant insulating foams, cement slurries, mortars,
concretes and oil field applications.

Embodiments of the present invention are further illustrated by the following non-limiting
examples, which are not to be construed in any way as imposing limitations upon the scope
thereof. It should be appreciated by those of skill in the art that the techniques disclosed in the
Examples which follow represent techniques discovered to function well in the practices
disclosed herein, and thus can be considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are disclosed and sill obtain a like or
similar result without departing from the spirit and scope herein.

Examples

The bulk density was determined in a glass tube, having an inner diameter of 2.5 mm and a
length of 100 mm. The applied glass tube had a volume of 0.49 ml. The weight of the empty and
the filled glass tube was determined via analytical balance. The bulk density was calculated by
dividing the therewith determined difference by the volume of the glass tube. A low value
represents a loosen fill, whereas a high value represents a compact fill.

For the microscopy, a Leica-Leitz, Laborlux 12HL was used.

The sieving was conducted with a tumbler screening machine (Allgaier VTS600) with ultrasound
assistance.

Zeolite A (ZP-4A, purchased at Silkem VertriebsAG) and kaolin (purchased at Stephan,
Burbach) used had a primary particle size of from 3 to 10 um.
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The process was conducted in a pilot plant according to Figure 1.

In a gas stream (1), the particles (2) (i.e. the respective particle size fractions each) can be
added with a dosing unit (3) from the bottom to a vertical, multistage heated tube furnace (6) as
heating device, having a cyclone separator (7) with centrifugal properties. The cyclone
separator separates the particles, which will be collected in a separator good collector (8). The
gas stream (1) is lead over the exhaust system into the atmosphere. The tube furnace (6)
comprises an oxide ceramic tube (aluminum oxide) with an inner diameter of 78 mm and a
length of 1000 mm. The tube is heated from the outside by three different heating zones (5)
over the tube length. A maximum temperature of 1800 °C may be achieved. The length of the
individual heating zones is 250 mm. The temperature within the heating zones (5) is individually
adjustable. However, the temperature difference between two heating zones should not exceed
150 °C, as otherwise mechanical problems may occur to the oxide ceramic tube. To achieve a
consistent gas particle flow at the bottom entrance of the tube, a distributor unit is installed. The
distributor unit is a thick ceramic perforated plate, wherein the holes are performed double-
tapered (4). Thus, no particles are precipitated before the plate and no flow separation occurs at
the outlet.

Steps a) to d):

Na>CO3 (28 wt.-%) was dissolved in water in a 10 Itr stirring tank. Zeolite A (60 wt.-%) and

kaolin (12 wt.-%) were premixed and then added via a funnel to the 10 Itr stirring tank. The
slurry, containing enough water, so that the slurry could only just be pumped into the spray
tower, was agitated for 1 hour.

The spray-dried precursor material, obtained in step d) of the inventive process, was first
divided into two different particle size fractions (fine precursor fraction < 80 um and gross
precursor fraction > 80 um) by sieving.

The fine precursor fraction was further classified and divided into four particle size fractions.
<20 um

20 - 40 ym

40 - 63 um

63 — 80 um

The fraction < 20 um was discarded.

A sieve cloth according to DIN ISO 9044 was applied, thereby using a stainless steel mesh.

The Examples were performed with the respective fine precursors.

Example 1: 20 — 40 pm

Settings:

80 Itr / min air at ambient temperature, between 22 to 26 °C
2.4 g/ min precursor

Heating zone | 1750 °C
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Heating zone Il 1600 °C
Heating zone Il 1450 °C

The particles, transported through the furnace were collected in the separator and weighed after
cooling. Under the microscope, is was clearly visible that not all precursors were bloated ideally.
The complete separator good was subjected to a flotation with a liquid fluid (acetone), having
the density of 780 kg/m?3. Thereby, all particles that were not bloated and opened precipitated.
The desired bloated particles floated on the surface. The bloated particles were dried and
weighed again.

The process was conducted for a duration of six hours. 10.35 g of separator good in the
separator was collected. After the flotation separation, 2.88 g of intact hollow spherical glass
particles were obtained. This corresponds to a mass fraction of 0.278 with regard to the mass of
the separator good.

The intact hollow spherical glass particles had a dimension of 23 — 45 um, determined by a
microscope. The bulk density was 0.65 — 0.7 g/cm3.

Example 2: 40 — 63 pym

Settings:

55 Itr / min air at ambient temperature, between 22 to 26 °C
2.4 g/ min precursor

Heating zone | 1720 °C

Heating zone Il 1650 °C

Heating zone Ill 1500 °C

The particles, transported through the furnace were collected in the separator and weighed after
cooling. Under the microscope (Figure 2), is was clearly visible that not all precursors were
bloated ideally. The complete separator good was subjected to a flotation with a fluid, having
the density of 780 kg/m?3. Thereby, all particles that were not bloated and opened precipitated.
The desired bloated particles floated on the surface. The bloated particles were dried and
weighed again (Figure 3).

The process was conducted for a duration of six hours. 10.52 g of separator good in the
separator was collected. After the flotation separation, 3.13 g of intact hollow spherical glass
particles were obtained. This corresponds to a mass fraction of 0.298 with regard to the mass of
the separator good.

The intact hollow spherical glass particles had a dimension of 43 — 48 um, determined by a
microscope. The bulk density was 0.62 - 0.67 g/cm3.

Example 3: 63 — 80 ym

Settings:

40 Itr / min air at ambient temperature, between 22 to 26 °C
2.4 g/ min precursor

Heating zone | 1700 °C

Heating zone Il 1650 °C
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Heating zone Il 1500 °C

The particles, transported through the furnace were collected in the separator and weighed after
cooling. Under the microscope, is was clearly visible that not all precursors were bloated ideally.
The complete separator good was subjected to a flotation with a fluid, having the density of 780
kg/m3. Thereby, all particles that were not bloated and opened precipitated. The desired bloated
particles floated on the surface. The bloated particles were dried and weighed again.

The process was conducted for a duration of six hours. 10.81 g of separator good in the
separator was collected. After the flotation separation, 3.62 g of intact hollow spherical glass
particles were obtained. This corresponds to a mass fraction of 0.335 with regard to the mass of
the separator good.

The intact hollow spherical glass particles had a dimension of 65 — 90 um, determined by a
microscope. The bulk density was 0.58 - 0.63 g/cm?3.

The intact hollow spherical glass particles may systematically be sieved to obtain the desired
particle size. Thus, in a next step, the intact hollow spherical glass particles may be separated
by sieving into two fractions, wherein one fraction has a particle size of 65 — 75 ym and the
other fraction has a particle size of 75 - 90 pym.

Comparative Examples

For the Comparative Example, the same tube furnace was used. However, the precursor
material was added with a dosing unit from the top with a small amount of air and the precursor
particles fell due to gravity from the top to the bottom trough the furnace. The small amount of
air was used for even distribution solely.

Comparative Example 1: 125 - 175 um

The particle size fraction of 125 — 175 um turned out to be the best variant for this furnace
arrangement (three heating zones, each having 250 mm length, 78 mm inner diameter, 1000
mm tube length). The precursor particles fell with an average speed of about 0.3 m/s through
the tube to the bottom and had a mean residence time of 2.5 sec in the heating zone. This was
sufficient enough to melt the surface of the particles and achieve the necessary surface film for
the mechanism of the diffuse material exchange of the steam from the inner to the outer and the
reversed oven purge gas from the outer to the inner of the particles.

Settings:

10 Itr / min air at ambient temperature, between 22 to 26 °C, for the dispersion of the particles
2.4 g/ min precursor

Heating zone | 1500 °C

Heating zone Il 1650 °C

Heating zone Ill 1700 °C
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The particles, which fell through the tube furnace from the top to the bottom, were collected at
the bottom of the tube furnace and weighed after cooling. Under the microscope, is was clearly
visible that not all precursor particles were bloated ideally. The complete separator good was
subjected to a flotation with a fluid, having the density of 780 kg/m?3. Thereby, all particles that
were not bloated and opened precipitated. The desired bloated particles floated on the surface.
The bloated particles were dried and weighed again.

The process was conducted for a duration of six hours. 10.9 g of separator good was collected.
After the flotation separation, 3.9 g of intact hollow spherical glass particles were obtained. This
corresponds to a mass fraction of 0.36 with regard to the mass of the separator good.

The intact hollow spherical glass particles had a dimension of 130 — 190 um, determined by a
microscope. The bulk density was 0.48 - 0.53 g/cm?3.

Comparative Example 2: 80 — 125 ym

The particle size fraction of 80 — 125 uym was allow to fall through the furnace arrangement
(three heating zones, each having 250 mm length, 78 mm inner diameter, 1000 mm tube
length), as well. The precursor particles fell with an average speed of about 0.13 m/s through
the tube to the bottom and had a mean residence time of 5.9 sec in the heating zone.

Settings:

10 Itr / min air at ambient temperature, between 22 to 26 °C, for the dispersion of the particles
2.4 g/ min precursor

Heating zone | 1500 °C

Heating zone Il 1650 °C

Heating zone Il 1700 °C

The particles, which fell through the tube furnace from the top to the bottom, were collected at
the bottom of the tube furnace and weighed after cooling. Under the microscope, is was clearly
visible that not all precursor particles were bloated ideally. The complete separator good was
subjected to a flotation with a fluid, having the density of 780 kg/m?3. Thereby, all particles that
were not bloated and opened precipitated. The desired bloated particles floated on the surface.
The bloated particles were dried and weighed again.

The process was conducted for a duration of six hours. 10.7 g of separator good was collected.
After the flotation separation, 1.2 g of intact hollow spherical glass particles were obtained. This
corresponds to a mass fraction of 0.11 with regard to the mass of the separator good.

The intact hollow spherical glass particles had a dimension of 85 — 132 um, determined by a
microscope. The bulk density was 0.5 — 0.55 g/cm?.

The microscopic picture discloses a large portion of non-bloated particles. Without being bound
to any theory, it is suspected that the residence time in the free fall is too high so that the
precursor particles fuse immediately and that these particles do not have the chance to bloat.

Comparative Example 3: 63 — 80 um
The particle size fraction of 63 — 80 ym was allowed to fall through the furnace arrangement
(three heating zones, each having 250 mm length, 78 mm inner diameter, 1000 mm tube
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length), as well. The precursor particles fell with an average speed of about 0.063 m/s through
the tube to the bottom and had a mean residence time of 11.9 sec in the heating zone.

Settings:

10 Itr / min air at ambient temperature, between 22 to 26 °C, for the dispersion of the particles
2.4 g/ min precursor

Heating zone | 1500 °C

Heating zone Il 1650 °C

Heating zone Il 1700 °C

The particles, which fell through the tube furnace from the top to the bottom, were collected at
the bottom of the tube furnace and weighed after cooling. Under the microscope, is was clearly
visible that not all precursor particles were bloated ideally. The complete separator good was
subjected to a flotation with a fluid, having the density of 780 kg/m3. Thereby, all particles that
were not bloated and opened precipitated. The desired bloated particles floated on the surface.
The bloated particles were dried and weighed again.

The process was conducted for a duration of six hours. 10.4 g of separator good was collected.
After the flotation separation, 0.14 g of intact hollow spherical glass particles were obtained.
This corresponds to a mass fraction of 0.013 with regard to the mass of the separator good.
The intact hollow spherical glass particles had a dimension of 65 — 90 um, determined by a
microscope. The bulk density was 0.55 - 0.60 g/cm3.

The microscopic picture discloses solely non-bloated particles. This is yet another indication to
support the theory that the residence time in the free fall is too high.

Comparison of Example 3 with Comparative Example 3:

According to Example 3, the particle size fraction of 63 — 80 um was transported through the
tube furnace from the bottom to the top, as described above. The residence time in Example 3
was adjusted with a gas/air stream to about 1 — 1.2 sec. Due to the gas/air stream, which
streams nearby the inner wall, caking of the particles on the inner wall is prevented. Following
this setup, a mass fraction of 0.335 of bloated particles was obtained in Example 3.

In Comparative Example 3 the particles are allowed to fall from the top to the bottom. The
utilization of a closed apparatus is not applicable, as the particles will deposit on the inner wall.
To obtain any results for a setup, wherein the particles are allowed to fall from the top to the
bottom, the apparatus has to be opened on the top. Thus, a preheated gas/air stream can be
supplied lateral from the bottom, which then is allowed to stream along the inner wall to the top
and exit. The precursor particles are added to the furnace from the top with a small amount of
air. Particles, having a particle size of 63 to 80 um turned out to have a residence time of about
11.9 sec. Hence, the particles fused and were not bloated. In contrast to Example 3, in
Comparative Example 3, only a mass fraction of 0.013 of bloated particles was obtained.
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The Examples support the theory, that the particles obtained by an upturned drag flow is
supetrior in order to obtain small particles compared to the process wherein the particles are
introduced in the tube furnace from the top.
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Claims

A hollow spherical glass particle comprising a spherical glass shell defining a hollow
interior, said hollow spherical glass particle comprising

i) at least 30 wt.-% of Al,Os,

i) atleast 35 wt.-% of SiO2, and

i)  atleast 18 wt.-% of at least one alkali metal oxide,

based on the overall weight of the hollow spherical glass particle,

wherein the hollow spherical glass particle has a particle diameter in the range of more
than 20 to 75 um,

and wherein the hollow spherical glass particle is free of boron.

The hollow spherical glass particle according to claim 1, having a particle diameter in the
range of more than 20 to 70 pm.

The hollow spherical glass particle according to any one of the preceding claims, wherein
the ratio between the particle diameter [in um] and the wall thickness [in um] is in the
range of 10 to 30.

The hollow spherical glass particle according to claim 1 or 2, having a wall thickness in the
range of 0.1 to 15 um.

The hollow spherical glass particle according to any one of the preceding claims,
comprising

i) 30 to 45 wt.-% of Al,O3,

i) 351042 wt.-% of SiO2, and

i) 18 1to 30 wt.-% of a mixture of Na O and K:O,

based on the overall weight of the hollow spherical glass particle.

The hollow spherical glass particle according to any one of the preceding claims, having a
pressure collapse strength value in the range of 120 to 150 MPa.

A plurality of hollow spherical glass particles according to any one of claims 1 to 6.

The plurality of hollow spherical glass particles according to claim 7, having an average
particle diameter (D50) in the range of more than 20 to 75 um.

Process for the preparation of hollow spherical glass particles, comprising the steps of
a) providing a composition comprising

i) at least 30 wt.-% of Al,O3,

i) atleast 35 wt.-% of SiO2, and

i) atleast 18 wt.-% of at least one alkali metal oxide,

based on the overall weight of the composition,
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b)  optionally subjecting the composition obtained in step a) to a grinding process such
that finely ground particles having a particle size of 10.0 um or below are obtained,

c) mixing the finely ground particles obtained in step b) with water and optionally an
organic binder, thereby obtaining a slurry,

d)  spray-drying the slurry obtained in step c¢), and

e1) feeding the particles obtained in step d) into a heating device such that the particles
are blown upwards while the temperature is maintained above 1000 °C, thereby
obtaining the hollow spherical glass particles,
or

e2) feeding the particles obtained in step d) into a heating system comprising at least
two heating devices connected in series such that the particles pass through the first
heating device and are continuously transferred into the subsequent heating devices
while the temperature in the heating devices is maintained above 1000 °C, thereby
obtaining the hollow spherical glass particles,
or

e3) feeding the particles obtained in step d) into at least one heating device such that
the particles pass through the heating device while the temperature in the heating
devices is maintained above 1000 °C and at least a part of the thus obtained
particles is transferred back into the heating device such that the particles pass
through the heating device, thereby obtaining the hollow spherical glass particles.

Process according to claim 9, wherein the finely ground particles, optionally obtained in
step b) containing a first fraction of particles having a particle size in the range of 1.0 to 10
pm, preferably in the range of 1.0 to 7.0 ym and a second fraction of particles having a
particle size of 1.0 um or below.

Process according to claim 9 or 10, wherein in step ¢) the finely ground particles,
optionally obtained in step b) are further mixed with an organic binder, which is preferably
a higher hydric alcohol.

Hollow spherical glass particle, obtained according to the process according to any one of
claims 9 to 11.

Article, comprising the plurality of hollow spherical glass particles according to claims 7 or
8.

Article according to claim 13 wherein said article is a high temperature product, an
injection moulded synthetic material, a flame-retardant insulating foam, a cement slurry, a
mortar or concrete.
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15. Use of the plurality of hollow spherical glass particles according to claims 7 or 8 as a filler
for high temperature products, molten metal, injection moulded synthetic materials, flame-
retardant insulating foams, cement slurries, mortars, concretes and oil field applications.



