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EP 3 870 537 B1
Description
Field of the invention

[0001] The present invention relates to a hydrophobized silica-based granular material, the preparation and the use
thereof for thermal and acoustic insulation as well as the corresponding thermal insulating compositions thereof.

Background of the invention

[0002] Effective thermal insulation of houses, industrial plants, pipelines and suchlike is an important economic
problem. The majority of insulation materials based on organic substances, such as polyurethane foams, are combustible
and only usable at relatively low temperatures. These disadvantages are not exhibited by the hitherto less widespread
thermal insulating materials based on inorganic oxides, for example highly porous silicon dioxide.

Description of the prior art

[0003] WO 2010126792 A2 discloses compositions with a thermal conductivity of not greater than 50 m\W/(mK),
comprising a silica aerogel component, a surfactant, eitheraninorganic oraninorganic binder-containing formulation, e.g.
cement, gypsum, lime, acrylate, and optionally other components. Specifically, the high viscous mixture of cement/-
grout/acrylate/hydrophobic aerogel material with weight ratios of 0.24/0.28/0.15/0.33 can be cured in a mold to give a
compound with thermal conductivity of 29.5 m\W/(mK).

[0004] The use of hydrophobized silica particles as fillers in thermal insulation compositions based on the waterborne
formulations is preferred compared to that of hydrophilic silicas. In the latter case, the pores of the silica material would
readily be filled with a hydrophilic formulation and cannot impart additional thermal insulating properties to the final
composition. The porous structure of the hydrophobized materials, on the contrary, remains intact upon mixing with
waterborne formulations.

[0005] Onetechnical problem with compositions comprising thermal-insulating silica-based granules is associated with
fines. The presence of fines that are the particles with relatively small particle size in a formulation, normally lead to a rapid
viscosity increase with increased amount of such particles added to the formulation. In the case ifthe composition needs to
be applied via spray techniques, such fines must be separated beforehand, which means considerable material loss and
additional efforts for solid particle handling. It is desirable to avoid the formation of such fines by minimizing attrition of
silica-based granules during their incorporation into thermal-insulating compositions. This can be achieved by using more
mechanically stable silica-based granules.

[0006] WO 2006097668 A1 discloses a granular thermal insulation material comprising hydrophobic fumed silicon
dioxide and an opacifier, which is produced by mixing a hydrophobic silicon dioxide with opacifier and subsequent
densification to give granules having a size of 0.25t0 2.5 mm. Importantly, it is impossible or at least difficult to density the
hydrophobized silica powder to obtain granules of relatively low density useful for thermal insulation applications. Such
granules comprising such hydrophobized silicas are usually not sufficiently mechanically stable or have relatively high
tamped density of typically 250 to 450 g/L, which affect negatively their thermal insulation properties.

[0007] EP 0725037 A1describes granules having a median grain diameter of 10to 120 um, BET surface area of 40-400
m2/g, cumulative pore volume of >2nmof 0.5-2.5 mL/g, tamped density 0f220-700 g/L based on hydrophobic fumed silica
for use as a catalyst support. Granules of this kind are produced by spray-drying of aqueous dispersions containing
hydrophilic silica, followed by optional thermal treatment and/or silanization at temperatures of 150 to 1100°C. The
examples 3,4, and 8 show hydrophobized granules thermally treated at 700 °C prior to hydrophobization with a silane.
These granules show pore volume of 1.51-1.68 mL/g and tamped density of 300-420 g/L. Though being mechanically
stable, such granules possess particular combination of physical properties, such as relatively high tamped density and
relatively low pore volume, disadvantageous for using them in thermal insulation applications.

[0008] WO 2017036744 A1 describes preparation of hydrophobized silica thermal insulating molding bodies, such as
silica granules, by preparation a wet mixture containing silica powder, at least one binder, e.g. a silane, an organic solvent
containing at most trace amounts of water, and evaporation ofthe solvent and granulation of the wet mixture. During the
preparation of this wet mixture and/or during the granulation process, hydrophobization of silica takes place. The thus
prepared granules are completely hydrophobized, e.g. contain a relatively low amount of free silanol groups on their
surface. Moreover, such granules comprising hydrophobized silica can be insufficiently mechanically stable, as no
additional densification is applied. This, in turn, reflects in their relatively low skeletal density, as determined by Hg
porosimetry.

[0009] WO 2018134275 A1 discloses a granular thermal insulation material with an increased mechanical stability,
prepared by thermal treatment at 200-1200 °C of a densified mixture of silica and at least one IR-opacifier followed by
hydrophobization with a silane. The specific examples ofthis patentapplication show preparation of hydrophobized silica-
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based granules, wherein the hydrophobization step is carried out by treatment of hydrophilic granules with vapour of
HMDS. The granules prepared in this way are mechanically stable. However, due to their relatively high hydrophobicity, it
may be challenging to incorporate such granules into polar coating systems, e.g. water-based polymer compositions.
[0010] Hydrophobicsilicapowders canbe prepared by treatment ofthe corresponding hydrophilic materials with silanes
and optionally water, as described for example in EP 0686676 A1 or DE 102006039273 A1. Such hydrophobic silicas are
usually characterized by their high hydrophobicity (high methanol wettability) and consequently, low compatibility with
polar solvents. One conceivable way to improve the compatibility of such hydrophobized silica materials with polar
systems would be to decrease the amount of silanes used for the hydrophobization. Thus, EP 1433749 A1 describes
preparation of partially hydrophobic silicas having a silanol group density of 0.9-1.7 SiOH/nm?2 particle surface, which can
be incorporated into the water-based resins. The preparation of such partially hydrophobic particles is carried out by using
areduced amountof0.015-0.15 mmol silane pro g ofa silica with a BETsurface area of 100 m2/g. The resulting silicas have
a carbon contentof0.3-1% by weightand a relatively low methanol wettability (methanolnumber of0-15). Thus, such silica
particles are compatible with polar systems due tothe absence ofa major part of hydrophobic groups on its surface, butare
much less hydrophobic. Considering the teaching of EP 0686676 A1, it seems to be generally impossible to have silica
particles having both high hydrophobicity and a good compatibility with polar systems.

[0011] EP 3447038 A1 relates to producing silica-based granules for thermal insulation, which are suitable for
incorporation in water-based formulations. This good compatibility with water-based systems is achieved in EP
3447038 A1 by at least partial thermal degradation of hydrophobic groups present on the surface of the hydrophobized
silica granules by applying a thermal treatment step. This approach, however, inevitably leads to a simultaneous reducing
of hydrophobicity. Thus, methanol wettability of such thermally treated granules is significantly lower (20-30%) than that of
the corresponding non-treated granules (40-45%). Achieving both high hydrophilicity and high hydrophobicity of the
granules seems to be challenging starting from EP 3447038 A1.

Problem and solution

[0012] Thus, good compatibility of highly hydrophobic silica-based materials with typical waterborne coating formula-
tions, such as waterborne acrylate formulations often remains a problem. Thus, silica particles hydrophobized with typical
hydrophobic treatment reagents like hexamethyldisilazane (HMDS) either remain separated out from the aqueous
acrylate binder system upon mixing or form the cracks in the final cured coating film. Therefore, there is a need for
new hydrophobized silica materials, particularly, mechanically stable granules, which would be compatible with water-
borne formulations and would allow preparing of compositions with high silica material loading, good thermal insulation
properties, high homogeneity before and after curing, and low cost.

[0013] The technical problem addressed by the present invention is that of providing a thermal insulating silica-based
hydrophobized granular material with an increased mechanical stability, high hydrophobicity and with an increased
polarity, and having a particle size distribution suitable for incorporation into polar systems, such as water-based thermal-
insulation compositions. Such granular material should provide good thermal-insulating and rheological properties to the
thermal-insulating composition it is incorporated into. These granules should also be obtainable in a simple and
economically viable way. Another technical problem is to provide such thermal-insulation compositions with pronounced
hydrophobic and water-repellent properties, which would efficiently hinder penetration of humidity through the coating
layer and impart water and dirt-repelling, protective and anticorrosion properties to the treated surface.

[0014] It was found that all technical problems addressed above can efficiently be solved according to the present
invention.

[0015] The present invention provides silica-based granular material comprising silica and at least one IR-opacifier
selected from the group consisting of silicon carbide, titanium dioxide, zirconium dioxide, ilmenites, iron titanates, iron
oxides, zirconium silicates, manganese oxides, graphites, carbon blacks and mixtures thereof, hydrophobized with a
surface treatment agent comprising a silicon atom, wherein the granular material has:

a) a cumulative pore volume of pores > 4 nm of more than 2.5 cm3/g,

as determined by the mercury intrusion method according to DIN ISO 15901-1;

b) a tamped density of 140 g/L to 290 g/L;

¢) a number of silanol groups relative to BET surface area dg;oy of at least 0.5 SiOH/nm?2, as determined by reaction
with lithium aluminium hydride.

d) a number of silicon atoms in the surface treatment agent relative to BET surface area djg; of at least 1.0 [Si
atoms)nm?2.

[0016] The hydrophobized silica-based granular material according to the invention solves the above-mentioned
technical problems.
[0017] The hydrophobized granular material according to the invention is mechanically stable and does not suffer from
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any substantial mechanical attrition during its handling and incorporation into liquid compositions. Moreover, such
granular material is well compatible with waterborne formulations, which enables one to achieve high loading of such
granules, forexampleinthe thermal insulation compositions, providing simultaneously good thermal insulation properties,
high homogeneity before and after curing. The insulating compositions with hydrophobized granular material of the
invention can contain surprisingly high amounts of fine particles of the hydrophobized granular material and still possess
relatively low viscosity. The low viscosity of such compositions does not preclude their easy application, e.g. via spay
techniques onto the surfaces to be isolated. Additionally, there is no need to separate the fine particles before their
incorporation into the liquid composition. Composition comprising the hydrophobized silica-based granular materials of
the invention possess pronounced hydrophobic and water-repellent properties, which efficiently hinder penetration of
humidity through the coating layer and impart water and dirt-repelling, protective and anticorrosion properties to such
compositions.

The granular material

[0018] Inthe presentinvention, the terms "granular material", "granulate”" and "granules" are used as alternatives and
are understood to mean a grainy, readily pourable, free-flowing particulate solid material. The granular material of the
present invention may be in the form of grainy particles with a spherical or any other shape, like pellets, rings etc, or
irregularly-formed fragments of a crushed granular material, e.g. with a statistical particle size distribution. The term
"granular material" in the context of the present invention preferably does not encompass powder materials, i.e. fine
particles with an average particle size dgg of <10 um.

[0019] Cumulative pore volume of pores > 4nm can be determined by the mercury intrusion method according to DIN
ISO 15901-1. The principle of this method firstly described by H.L Ritter and L.C Drake in Ind. Eng. Chem. Anal. Ed. 17
(1945) pp. 782-786 and pp 787-791, is based on measurement ofthe volume of mercury pressed into a porous solid body
as a function ofthe pressure applied. Only the pores into which mercury can penetrate, i.e. generally the pores with a pore
diameter of >4 nm, atthe maximal pressure applied, e.g. 417 MPa, are detected. Liquid mercury, notwetting the surface of
a probe porous solid body, penetrates the pores only under pressure. The pressure to be applied is inversely proportional
tothe openwidth ofthe pore openings, Inthe case of cylindrical pores, the relationship between pore radius ryand pressure
p is given by the Washburn equation:

re = - (2xo/p) x cose
wherein:

o is pore radius

p is pressure

o is surface tension of mercury (0.48 N/m)
6 is contact angle of mercury (140 °C)

[0020] The cumulative pore volume of pores>4 nmcorresponds to the cumulative pore volume ofall pores determinable
by mercury intrusion method according to DIN ISO 15901-1 up tothe determination limit at maximum pressure of 417 MPa.
[0021] The cumulative pore volume of pores > 4 nm of the silica-based granular material of the present invention
determined by mercury intrusion method according to DIN ISO 15901-1 is preferably 2.6 cm3/g - 10 cm3/g, more preferably
2.6 cm3/g - 9.5 cm?3/g, more preferably 2.6 cm3/g - 9.0 cm3/g, more preferably 2.6 cm3/g - 8.5 cm3/g, more preferably 2.6
cm?3/g-8.0cm3/g, more preferably 3.0 cm3/g-7.5 cm3/g, more preferably 3.5 cm3/g-7.0 cm3/g, more preferably 3.5cm3/g -
8.5 cm3/g, more preferably 4.0 cm3/g - 6.0 cm?3/g.

[0022] The cumulative pore volume of pores < 4 um determined by mercury intrusion method according to DIN ISO
15901-1 corresponds to the cumulative pore volume of all pores < 4 um determinable by this method.

[0023] The cumulative pore volume of pores < 4 um of the silica-based granular material of the present invention
determined by mercury intrusion method according to DIN ISO 15901-1 is preferably 1.0 cm3/g - 7.0 cm3/g, more
preferably 1.2 cm3/g - 6.5 cm3/g, more preferably 1.4 cm3/g - 6.0 cm3/g, more preferably 1.6 cm3/g - 5.5 cm3/g, more
preferably 1.8 cm3/g - 5.0 cm3/g, more preferably 2.0 cm3/g - 5.0 cm3/g, more preferably 2.2 cm3/g - 4.5 cm3/g, more
preferably 2.4 cm3/g - 4.2 cm3/g, more preferably 2.5 cm3/g - 4.0 cm3/g, more preferably 2.6 cm3/g - 3.8 cm?3/g.
[0024] The percentratio ofa pore volume for pores <4 pmto a cumulative pore volume of pores > 4 nm of the inventive
granular material, both pore volumes determined by mercury intrusion method according to DIN ISO 15901-1, is preferably
greaterthan 35%, more preferably greaterthan 40%, more preferably greaterthan 45%, more preferably 45% - 75%, more
preferably 45% - 70%, more preferably 50% - 65%, more preferably 50% - 60%. The percent ratio of a pore volume for
pores <4 umto a cumulative pore volume of pores >4 nm can be found by dividing of the former by the latter pore volume
and multiplying the result with 100%.
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[0025] The skeletal density of a sample of a material is a density without taking into consideration the porosity of the
material, i.e. the ratio ofthe mass ofthe sample divided by the volume ofthis sample without the volume of allits pores. The
skeletal density of the granular material according to the invention can be calculated from the results of the analysis of the
sample by mercury intrusion method according to DIN ISO 15901-1 after the volume of all pores larger than 4 nm (at
maximal intrusion pressure of 417 MPa) has been excluded from the volume presumed occupied by the material.
[0026] The skeletal density of the granular material of the present invention determined by mercury intrusion according
to DIN ISO 15901-1 at 417 MPa is preferably at least 0.6 g/cm3, more preferably at least 0.7 g/cm3, more preferably 0.7
g/em3-4.0 g/cm3, more preferably 0.8 g/cm?3-3.0 g/cm3, more preferably 0.9 g/cm3-2.9 g/em3, more preferably 0.9 g/cm3 -
2.80 g/cm3, more preferably 1.0 g/cmd-2.7 g/cm3, more preferably 1.1 g/cmd - 2.6 g/cm3, more preferably 1.2 g/em3-2.5
g/em3, more preferably 1.3 g/cmd - 2.4 glem3.

[0027] A relatively high skeletal density of the granular material according to the present invention leads to its high
mechanical stability beneficial e.g. for application of such granules in thermal insulating compositions.

[0028] The number dgion of silanol groups relative to BET surface area of the silica-based granular material of the
presentinvention, expressed in SiOH-groups/nm2, can be determined by the method described in detail on page 8, line 17
thru page 9, line 12 of EP 0725037 A1 by reaction of the silica-based material with lithium aluminium hydride. This method
is also described in detail in Journal of Colloid and Interface Science, vol. 125, no. 1, (1988), pp. 61-68.

[0029] The silanol (SiOH) groups of the silica-based material are reacted with lithium aluminium hydride (LiAlH,), the
quantity of gaseous hydrogen formed during this reaction and thus the amount of silanol groups in the sample ng (in mmol
SiOH/g)is determined. Using the corresponding BE T surface area (in m2/g) ofthe tested material, the silanol group content
in mmol OH/g can be easily converted in number dgioy Of silanol groups relative to BET surface area:

don [SIOH/NM?] = (non [mmol SiOH/g] x Na) / (BET [m?/g] x 102",

wherein N, is Avogadro number (~6.022*1023)

[0030] The silica-based granular material of the present invention preferably has a hydroxyl group number relative to
BETsurface area dpy of atleast 0.6 SiOH /nm?2, more preferably 0.6 SiOH/nm? -2.5 SiOH/nm2, more preferably 0.7 SiOH
/nm2-2.0SiOH/nm2, more preferably 0.7 SIOH/nm2-1.9 SiOH/nm2, more preferably 0.7 SIOH/nm2-1.8 SiOH/nm?2,
more preferably 0.7 SiOH / nm? - 1.7 SiOH / nm2, more preferably 0.8 SiOH /nm?2 - 1.6 SiOH / nm2, more preferably 0.9
SiOH/nm2 - 1.5 SiOH / nmZ,

[0031] The silica-based granular material according to the present invention preferably has a silanol group content of
greater than 0.03 mmol SiOH /g, more preferably 0.04 mmol SiOH /g - 0.50 mmol SiOH /g, more preferably 0.05 mmol
SiOH /g - 0.45 mmol SiOH /g, more preferably 0.07 mmol SiOH /g - 0.40 mmol SiOH /g, more preferably 0.10 mmol SiOH /g
- 0.40 mmol SiOH /g, more preferably 0.15 mmol SiOH /g - 0.35 mmol SiOH /g.

[0032] The number of silicon atoms in the surface treatment agent relative to BET surface area of the granular material
d[Si] shows the relative to the surface area amount of surface treatment groups present in the granular material of the
present invention. Analyzing the values of dgjoy and dg; of the granular material of the present invention helps to
characterize the extent of both hydrophilic and hydrophobic properties of the inventive granular material and underline its
uniqueness comparing to the materials known from the prior art.

[0033] The number of silicon atoms in the surface treatment agent relative to BET surface area of the granular material
disjjis atleast 1.0 Siatoms /nm?, preferably 1.2 Siatoms /nm?2 - 10 Si atoms /nm?, more preferably 1.3 Siatoms/nm?2-9.0
Siatoms/nm?2, more preferably 1.4 Siatoms /nm?2 - 8.0 Siatoms / nm2, more preferably 1.5 Siatoms /nm2-7.0 Siatoms /
nmZ, more preferably 1.8 Si atoms / nm2 - 6.0 Si atoms / nm2, more preferably 2.0 Si atoms / nm2 - 5.0 Si atoms / nm2.
[0034] Thenumberofsiliconatoms inthe surfacetreatmentagentrelativeto BETsurface area ofthe granular material of
the presentinvention d[Si] [in Siatoms/nm?2]can be calculated fromthe carbon content ofthe granular material related tothe
presence of the surface treatment (C*, in wt%), and considering the chemical structure of the surface treatment, e.g. the
number of carbon atoms per silicon atom of the surface treatment agent (Ng/g;):

disi[Si atoms/nm?] = (C*[wt.%] x Na)/ (Mrc [g/mol] x Nessix BET [m?%/g] x 10%),
wherein Mrs = 12,011 g/mol is an atomic weight of carbon,
Ny is Avogadro number (~6.022*1023),

Ngssi is the ratio of carbon to silicon atoms in the surface treatment agent.

[0035] Thus, for chlorotrimethylsilane [(CH3),3SiCl], Ng/g; = 3. For hexamethyldisilazane [HMDS, (CH3)3Si),NH] N5 =
3. For polymethyldisiloxane [PDMS] Ng/g; = 2.
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[0036] Fora mixture of two different surface treatment agents comprising silicon atoms, the same way of calculation as
described above can be used with the difference thatthe molaraverage Ngg;value ofthe applied surface treatmentagents
is used. Thus, ifa 1:1 (50:50 molar %) molar mixture of HMDS and PDMS is used as a surface treatment agent, the Ngg;
value of (2*0.5 + 3*0.5) = 2.5 should be used for calculation.

[0037] The carbon content of the granular material related to the presence of the surface treatment (C*) can be
determined directly, e.g. by using solid NMR analysis ('H or 13C NMR analysis) with an internal standard or calculated from
the carbon contentdetermined by elemental analysis by abstraction ofthe carbon content notrelated to the presence ofthe
surface treatment, ifthe latter can be determined. Inthe simplestand the most common case, all the carbon content of the
granular material of the present invention determinable by the elemental analysis method originates from the surface
treatment agent.

[0038] The granular material according to the invention can have a carbon content of from 0.2% to 15 % by weight,
preferably from 0.3% to 12% by weight, more preferably from 0.5% to 10% by weight, more preferably from 1.0% to 8 % by
weight, even more preferably from 1.2% to 5 % by weight, still even more preferably from 1.5% to 3.5 % by weight. The
carbon content can be determined by elemental analysis according to EN 1SO3262-20:2000 (Chapter 8). The analysed
sample is weighed into a ceramic crucible, provided with combustion additives and heated in an induction furnace underan
oxygen flow. The carbon present is oxidized to CO,. The amount of CO, gas is quantified by infrared detectors. SiC is not
burned and therefore does not affect the value of the carbon content. The stated carbon content of the granular material
according to the invention thus refers to all carbon-containing components of the granular material except non-
combustible compounds such as silicon carbide, if the latter is used e.g. as an IR-opacifier.

[0039] Theratio d[si]/dSiOH ofthe silica-based granular material according to the presentinvention is preferably 0.5to0 10,
more preferably 0.8 to 7.0, more preferably 1.0 to 5.0, more preferably 1.2 to 4.5, more preferably 1.5 to 4.0, more
preferably 1.7t0 3.5, more preferably 1.810 3.4, more preferably 1.9 to 3.3, more preferably 2.0 to 3.2, more preferably 2.1
to 3.1, more preferably 2.2 to 3.1

[0040] A high ratio of d[si]/dSiOH > 10 corresponds to highly hydrophobic particles with a relatively low content of free
silanol groups and hence low affinity of the material to polar systems. A low ratio of dig/dgion < 1, by contrast, is
characteristic for highly polar materials with a relatively high free silanol group content, and good compatibility with polar
systems, but a lower hydrophobicity. The granular material of the present invention preferably has a d[si]/dSiOH of1t0 10
which makes it sufficiently polar to be incorporated into polar systems, such as water-based coating formulations, but still
highly hydrophobic to be used as an efficient thermal insulating material.

[0041] The granular material of the invention is silica-based, i.e. the granular material comprises silica as a major
component. Preferably, the granular material comprises at least 30 %, more preferably at least 40 %, more preferably at
least 50 %, more preferably 60 % - 99%, more preferably 70 % - 98 %, more preferably 75 % - 95 % by weight of silica.
[0042] Particle size distribution ofthe granular material may have a substantial impact on the maximal material loading,
viscosity, thermal conductivity and other parameters crucial for the successful applicability of such granules in thermal
insulating compositions. The optimal particle size distribution may also depend on the particular binders used in such
thermal insulating compositions and the required thickness of thermal insulation coating.

[0043] Thegranularmaterialaccordingtothe presentinvention preferably has a numerical median particle size dggofup
to 6000 pum, more preferably from 10 umto 5000 pwm, more preferably from20 umto 3000 jum, more preferably from 30 um
102500 pum, more preferably from 40 ;umto 2000 pwm, more preferably from50 pumto 1500 um, more preferably from 80 um
to 1000 pm, more preferably from 100 pumto 900 pm, more preferably from 120 pmto 800 jum, even more preferably from
150 pmto 700 pwm and most preferably from 200 pumto 500 wm. A numerical median particle size of the granules can be
determined according to ISO 13320:2009 by laser diffraction particle size analysis. The resulting measured particle size
distribution is used to define the median dsg, which reflects the particle size not exceeded by 50% of all particles, as the
numerical median particle size.

[0044] The granular material according to the presentinvention preferably has a dg value offrom5 umto 800 um, more
preferably from 10 pmto 500 um, more preferably from 20 um to 400 wm, more preferably from 30 pumto 300 pm, more
preferably from 40 umto 200 wm, more preferably from 50 pmto 150 um. The preferred dgg value is from 200 pmto 3000
pm, more preferably from 300 wmto 2000 pum, more preferably from 350 pmto 1500 um, more preferably from 400 pmto
1000 pm, more preferably from 450 pumto 900 wm, more preferably from 500 umto 800 wm. The d4gand dgg values can be
determined according to ISO 13320:2009 by laser diffraction particle size analysis. The resulting measured particle size
distribution is used to define the values d4q and dgg, which reflects the particle size not exceeded by 10% or 90% of all
particles, respectively.

[0045] The granular material of the invention preferably has a particle size of not more than 10000 p.m, preferably of not
more than 7000 pm, more preferably of not more than 5000 pum, more preferably of not more than 4000 j.m, more
preferably of not more than 3000 um, more preferably of not more than 2000 pm, more preferably of not more than 1500
wm, more preferably of not more than 1200 um. The absence of the particles with a particle size of above the specified
range can be achieved for example by sieving of the granules through an appropriate sieve.

[0046] Preferably atleast5 % by weight, more preferably at least 10% by weight, more preferably atleast 15% by weight
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of the granular material of the present invention has particle size of less than 200 pm. In this case, surprisingly, the so-
called fines, i.e. the particles with a particle size of lessthan 200 pmdo notinterfere with the use ofthe granules as additives
in liquid formulations. Such granules, containing fines, do not lead to any substantial increase of viscosity of the
formulations, as it is often the case with similar silica-based granules. Thus, the fines do not have to be separated from
the granules prior to the incorporation of such granules into liquid formulations.

[0047] Moreover, unexpectedly, the presence of such fines in the granular material lead to high surface hydrophobicity
and pronounced water-repelling properties ofthe thermalinsulating composition comprising such granules. The degree of
water-repelling can be determined by measuring the water contact angle.

[0048] Tamped densities of various pulverulent or coarse-grain granular materials can be determined according to DIN
ISO 787-11:1995 "General methods of test for pigments and extenders -- Part 11: Determination of tamped volume and
apparent density after tamping". This involves measuring the apparent density of a bed after agitation and tamping. The
granular material of the invention has a tamped density of 140 g/L to 290 g/L, more preferably of 140 g/Lto 270 g/L, more
preferably of 150 g/L to 250 g/L, more preferably of 150 g/L to 240 g/L, more preferably of 150 g/L to 230 g/L, more
preferably of 160 g/L to 220 g/L.

[0049] The granular material ofthe invention can have a BET surface area of greater than 20 m2/g, preferably of 30 m2/g
to 500 m2/g, more preferably of 50 m2/g to 400 m2/g, more preferably of 70 m2/g to 300 m2/g, most preferably of 80 m2/g to
200 m2/g. The specific surface area, also referred to simply as BET surface area, can be determined according to DIN
9277:2014 by nitrogen adsorption in accordance with the Brunauer-Emmett-Teller method.

[0050] Lossondrying (LOD)ofthe inventive granular material is preferably less than 5.0 wt%, more preferably less than
3.0 wt%, more preferably less than 2.0 wt%, more preferably less than 1.0 wt%, more preferably less than 0.8 wt%, more
preferably less than 0.5 wt%. Loss on drying can be determined according to ASTM D280-01 (method A).

[0051] Thethermal conductivity ofthe hydrophobized granular material of the invention, measured in the form of a bed
according to EN 12667:2001 by the method with the guarded hot plate and the heat flow meter instrument, at a mean
measurement temperature of 10°C, a contact pressure of 250 Pa under an air atmosphere and at standard pressure (1
atm), is preferably less than 70 m\W/(mK), more preferably less than 50 m\W/(mK), more preferably from 10 mW/(mK)to 45
mW/(mK), especially preferably from 15 mW/(mK)to 40 mW/(mK) and most preferably from 20 m\W/(mK) to 35 mW/(mK).

Silica

[0052] The silica may be an individual compound (silicon dioxide), a silica-based mixed oxide, a silica-based doped
oxide, or a mixture thereof.

[0053] The silica may be selected from fumed silica, precipitated silica, silica aerogel, silica xerogel, perlite, silicate
mineral or clay mineral and mixtures thereof.

[0054] Silicate minerals are ionic solids, whose anions consist predominantly of silicate anions SiO42-. Each silicon atom
is the centre of a tetrahedron, whose corners are four oxygen atoms covalently bound to silicon. Two adjacent tetrahedral
may share a vertex. Apart from Siand O atoms, silicate minerals may contain alkali metals, alkaline earths and other metal
cations. One group of silicate minerals is clays, also known as clay minerals, are hydrous aluminium phyllosilicates (sheet
silicates), sometimes with variable amounts of iron, magnesium, alkali metals, alkaline earths, and other cations found on
ornear some planetary surfaces. The examples of clay minerals are halloysite, kaolinite, illite, montmorillonite, verniculite,
talc, sepiolite, palygorskite and pyrophylite.

[0055] The granular material according to the invention preferably comprises amorphous silica. Amorphous or non-
crystalline silica lacks the long-range order that is characteristic of a crystal silica, such as present e.g. in quartz.
[0056] The amorphous silica present in the granular material according to the invention can be selected from fumed
silica, precipitated silica, silica aerogel, silica xerogel and mixtures thereof.

[0057] The granular material ofthe presentinvention preferably comprises 30% to 95% by weight of silica selected from
fumed silica, precipitated silica, silica aerogel, silica xerogel, and mixtures thereof.

[0058] The silicon dioxide produced by precipitation (precipitated silica) is formed, for example, during the reaction of
water glass solutions (water-soluble sodium silicates) with mineral acids.

[0059] Aerogels can be formed by supercritical drying of a SiO, gel produced by a so-called sol-gel process. The starting
materials for SiO, sol synthesis are often silicon alcoholates. The hydrolysis of such precursors and the condensation
between the resulting reactive species are the main basic reactions ofthe sol-gel process. Tetraalkyl orthosilicates such as
tetramethyl orthosilicate or tetraethyl orthosilicate are particularly suitable as silicon sources. The alcohol produced during
the hydrolysis of tetraalkyl orthosilicates is removed under supercritical conditions (for methanol, temperature >239.4 °C;
pressure > 80.9 bar), which leads to the formation of highly porous SiO, aerogels.

[0060] By drying undersubcritical conditions, materials with almostidentical properties to supercritically dried aerogels,
usually called xerogels, can be produced. Preparation of such xerogels is described for example in US 5565142 A1.
[0061] Particularly preferable for the present invention are pyrogenic (fumed) silicas and silica-based pyrogenic mixed
oxides. Fumed silicas are prepared by means of flame hydrolysis or flame oxidation. This involves oxidizing or hydrolysing
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of hydrolysable or oxidizable starting materials, generally in a hydrogen/oxygen flame. Starting materials used for
pyrogenic methods include organic and inorganic substances. Silicontetrachloride is particularly suitable. The hydrophilic
silica thus obtained is amorphous. Fumed silicas are generally in aggregated form. "Aggregated" is understood to mean
thatwhatare called primary particles, which are formed at firstin the genesis, become firmly bonded to one another later in
the reaction to form a three-dimensional network. The primary particles are substantially free of pores and have free
hydroxyl groups on their surface. Such hydrophilic silicas can, as required, be hydrophobized, for example by treatment
with reactive silanes.

[0062] It is also known to produce pyrogenic mixed oxides by simultaneously reacting at least two different metal
sources in the form of volatile metal compounds, for example chlorides, in a H,/O, flame. One example of such an oxide is
the SiO,/Al,04 mixed oxide, which is produced by Evonik under the name Aerosil® MOX 170. When producing Aerosil®
MOX 170, a mixture of SiCl, and AICl; is directly hydrolyzed in a flame. Corresponding silanes, such as, for example,
methyltrichlorosilane, trichlorosilanes, etc., may also be used as a raw material instead of or in addition to the chlorides, as
described in DE-A 952 891, DE-A 25 33 925 and DE-A 27 02 896.

[0063] All components ofthus prepared mixed oxides, for example silica and alumina in the afore mentioned case, are
generally distributed homogeneously in the whole mixed oxide material as opposed to the other kinds of materials like
mechanical mixtures of several metal oxides, doped metal oxides and suchlike. In the latter case, e.g. for the mixture of
several metal oxides, separated domains of the corresponding pure oxides may be present, which determine the
properties of such mixtures.

IR-opacifier

[0064] The granular material of the invention comprises at least one IR-opacifier. Such an IR-opacifier can reduce the
infrared transmittance of a heat-insulating material and thus minimize the heattransfer due to radiation. The IR-opacifieris
selected from the group consisting of silicon carbide, titanium dioxide, zirconium dioxide, ilmenites, iron titanates, iron
oxides, zirconium silicates, manganese oxides, graphites, carbon blacks and mixtures thereof. The mean particle size of
the IR-opacifier is preferably between 0.1 and 25 pm.

[0065] The granular material ofthe invention can comprise from 1% to 70% by weight, more preferably from 3% to 65%
by weight, more preferably from 5% to 60% by weight, more preferably from 10% to 50% by weight, more preferably from
12% to 30% by weight of the IR-opacifier.

Surface treatment agent

[0066] In the present invention, the term "hydrophobized with a surface treatment agent comprising a silicon atom”
relates to a chemical reaction of a material comprising silica with the corresponding surface treatment agent comprising a
silicon atom, which by full or partial modification of the silica surface with hydrophobic groups comprising silicon atoms,
imparts hydrophobic properties to the material comprising silica.

[0067] Theterms "hydrophobized" or"hydrophobic" inthe context of the presentinvention relate to the surface-treated
particles having a low affinity for polar media such as water. The hydrophilic particles, by contrast, have a high affinity for
polar media such as water. The hydrophobicity ofthe hydrophobic materials can typically be achieved by the application of
appropriate nonpolar groups tothe silica surface. The extent ofthe hydrophobicity of a hydrophobic oxide, e.g. silica can be
determined via parameters including its methanol wettability, as described in detail, for example, in W02011/076518 A1,
pages 5-6. In pure water, a hydrophobic silica separates completely from the water and floats on the surface thereof
without being wetted with the solvent. In pure methanol, by contrast, a hydrophobic silica is distributed throughout the
solventvolume; complete wetting takes place. In the measurement of methanol wettability, a maximum methanol content
atwhich there is still no wetting of the silica is determined in a methanol/water test mixture, meaning that 100% ofthe silica
used remains separate fromthe test mixture after contact with the test mixture, in unwetted form. This methanol contentin
the methanol/water mixture in % by volume is called methanolwettability. The higherthe level of such methanol wettability,
the more hydrophobic the silica. The lower the methanol wettability, the lower the hydrophobicity and the higher the
hydrophilicity of the material.

[0068] The granular material ofthe presentinvention preferably has a methanol wettability of methanol content greater
than 10% by volume, more preferably of 20% to 90% by volume, more preferably of 30% to 85% by volume, especially
preferably of 35% to 80% by volume, most preferably of 40% to 75% by volume in a methanol/water mixture.

[0069] The surface treatment agent comprising a silicon atom is preferably selected from the group consisting of
organosilanes, silazanes, acyclic polysiloxanes, cyclic polysiloxanes, and mixtures thereof.

[0070] One type of preferred organosilanes is an alkyl organosilane of the general formula

R'W(RO),SI(CyHans1) (la)
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and
R'\(RO),SI(C,Hap.4) (Ib)
wherein

R = alkyl, such as, for example, methyl-, ethyl-, n-propyl-, i-propyl-, butyl-
R’ = alkyl or cycloalkyl, such as, for example, methyl, ethyl, n-propyl, i-propyl, butyl, cyclohexyl, octyl, hexadecyl.

n =1-20

x+y =3

x =0-2,
and

y =1-3.

[0071] Among alkylorganosilanes offormula (la)and (Ib), particularly preferred are octyltrimethoxysilane, octyltriethox-
ysilane, hexadecyltrimethoxysilane, hexadecyltriethoxysilane.
[0072] Organosilanes used for surface treatment may contain halogens such as Cl or Br. Particularly preferred are the
halogenated organosilanes of the following types:
- organosilanes of the general formula
X3Si(CnH2n+1) (lla)
and

X3Si(CyHap.1) (llb),

wherein X=CI, Br,n=1-20;
- organosilanes of the general formula

Xo(R)SI(CrHap41) (Ila)
and
Xo(R)Si(CyHzn1) (I11b),

wherein X = CI, Br
R’ = alkyl, such as, for example, methyl, ethyl, n-propyl, i-propyl, butyl, cycloalkyl such as cyclohexyl

n=1-20;
- organosilanes of the general formula
K(R)2Si(CHaps1) (IVa)
and
X(R)2Si(CpHap.1) (IVb),

wherein X = CI, Br
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R’ = alkyl, such as, for example, methyl, ethyl, n-propyl, i-propyl, butyl, cycloalkyl such as cyclohexyl
n=1-20
[0073] Among halogenated organosilanes of formula (I1)-(1V), particularly preferred are dimethyldichlorosilane and
chloro trimethylsilane.
[0074] The used organosilanes can also contain other than alkyl or halogen substituents, e.g. fluorine substituents or
some functional groups. Preferably used are functionalized organosilanes of the general formula
(R")(RO)SI(CHy) R’ V),

wherein

R" = alkyl, such as methyl, ethyl, propyl, or halogen such as Cl or Br,
R = alkyl, such as methyl, ethyl, propyl,

X+y =3
x=0-2,
y=1-3,
m = 1-20,

R’ =methyl-, aryl (for example, phenyl or substituted phenyl residues), heteroaryl -C4Fg, OCF,-CHF-CF3, -CgF 43, -O-
CF,-CHF,, -NH,, -Nj, -SCN, -CH=CH,, -NH-CH,-CH,-NH,, -N-(CH,-CH,-NH,),, -OOC(CH3)C = CH,,
-OCH,-CH(O)CH,,  -NH-CON-CO-(CH,); = ,-NH-COO-CH;,  -NH-COO-CH,-CHz;,  -NH-(CH5)3Si(OR)3,
-S,~(CH,)4Si(OR)3, - SH, -NRTR2R3 (R = alkyl, aryl; R2 = H, alkyl, aryl; R3 = H, alkyl, aryl, benzyl, C,H,NR4R®
with R4 = H, alkyl and R5 = H, alkyl).

[0075] Among functionalized organosilanes of formula (V), particularly preferred are 3-methacryloxypropyltrimethox-
ysilane, 3-methacryloxypropyltriethoxysilane, glycidyloxypropyltrimethoxysilane, glycidyloxypropyltriethoxysilane, ami-
nopropyltriethoxysilane.

[0076] Silazanes of the general formula R'R,Si-NH-SiR,R’ (VI), wherein R = alkyl, such as methyl, ethyl, propyl, R’ =
alkyl, vinyl, are also suitable as a surface treatment agent. The most preferred silazane of formula (VI) is hexamethyldi-
silazane (HMDS).

[0077] Also suitable as surface treatment agents are cyclic polysiloxanes, such as octamethylcyclotetrasiloxane (D4),
decamethylcyclopentasiloxane (D5), dodecamethylcyclohexasiloxane (D6), hexamethylcyclotrisiloxane (D6). Most pre-
ferably among cyclic polysiloxanes, D4 is used.

[0078] Another useful type of surface treatment agents is polysiloxanes or silicone oils of the general formula (VII):

wherein

Y =H, CH3, C,Hy,44, Wherein n=1-20, Si(CH,3),_X,,

whereina=2-3, b=0o0or1,a+b=3,

X =H, OH, OCHj, C,Hs4+q, Wherein m=1-20.

R, R =alkyl, such as C,H,,.4, Wherein o = 1 to 20, aryl, such as phenyl and substituted phenyl residues, heteroaryl,
(CH,),-NH,, wherein k = 1-10, H,

10
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u = 2-1000, preferably u = 3-100.

[0079] Most preferably among polysiloxanes and silicone oils of the formula (VII), polydimethylsiloxanes are used as
surface treatment agents. Such polydimethylsiloxanes usually have a molar mass of 162 g/molto 7500 g/mol, a density of
0.76 g/mL to 1.07 g/mL and viscosities of 0.6 mPa*s to 1 000 000 mPa*s.

Process for producing the granular material

[0080] The presentinvention further provides a process for producing silica-based granular material according to either
of claims 1 to 11, comprising the following steps:

a) dry densifying the powder comprising hydrophilic silica and at least one |IR-opacifier selected from the group
consisting of silicon carbide, titanium dioxide, zirconium dioxide, ilmenites, iron titanates, iron oxides, zirconium
silicates, manganese oxides, graphites, carbon blacks and mixtures thereof to give a hydrophilic granular material
with a tamped density of at least 80 g/L;

b) subjecting the hydrophilic granular material produced in step a) to thermal treatment at a temperature of 300 °C to
1400 °C;

¢) hydrophobizing the hydrophilic granular material subjected to thermal treatment in step b) in the presence of a
surface treatmentagentcomprising a silicon atomand water, wherein the molar ratio ofwaterto the silicon atomsinthe
surface treatment agent comprising a silicon atom is from 0.1 to 100, preferably 0.2 to 50, more preferably 0.4 to 20,
more preferably 0.5 to 10, more preferably 1 to 5.

[0081] The term "dry densifying" in the context of the present invention refers to any process aimed at increasing the
density, e.g. atamped density, of a particulate material, wherein only a small amount or no liquid, such as water, is used
duringthe process. Preferably, not more than 15 %, more preferably not more than 12 %, more preferably notmore than 10
%, more preferably not morethan 8 %, more preferably not morethan 5 % by weight, ofa liquid, such as water, related to the
mass of the powder comprising hydrophilic silica, is used in the step a) ofthe inventive process. Thus, densifying of a silica
powder by means of spray drying of an aqueous dispersion of silica powder, such as is disclosed in EP 0725037 A1, does
not fall under the term "dry densifying" according to the present invention.

[0082] In step a) of the inventive process the powder comprising hydrophilic silica is densified, e.g. by deaeration or
compaction, to give a hydrophilic granular material with a tamped density ofatleast 80 g/L, preferably 80 g/L-400 g/L, more
preferably 80 g/L-350 g/L, more preferably 80 g/L-300 g/L, more preferably 80 g/L-250 g/L, more preferably 85 g/L-220g/L,
more preferably 90 g/L-200 g/L.

[0083] The main aim of step a) of the process according to the invention is creating hydrophilic granules with a required
particle size and tamped density, which are crucial for mechanical and thermal insulating properties of the final
hydrophobized granular material prepared by the inventive process.

[0084] The inventive process may further comprise another step a-1) preparing a powder mixture comprising hydro-
philic silica and at least one IR-opacifier, which is then carried out before step a) of the inventive process. Silica, an IR-
opacifier and optionally any other additives, can be mixed together in step a1).

[0085] Such mixing of the hydrophilic silica with at least one IR-opacifier and optionally any other additives as per step
a1)ofthe process according to the invention can be conducted with all suitable mixing apparatus known to those skilled in
the art. Any mixers or mills that permit good homogenization, such as, for example, blade mixers, ploughshare mixers,
fluidized bed mixers, centrifugal mixers or air-swept mixers, are suitable for performing step a1) ofthe process. Particularly
suitable mixers are those with which the material being mixed may additionally be compacted, such as, forexample plough
bar mixers, pan mills or ball mills. Thus, steps a1) and a) of the process according to the invention can be conducted as
individual, separate stages, or alternatively in combination, in one process step.

[0086] In step b) of the process according to the invention, thermal treatment of the hydrophilic granular material
produced in step a) is conducted at atemperature 300 °Cto 1400 °C, preferably at 400 °C -1350 °C, more preferably at450
°C-1300 °C, more preferably at550 °C -1280 °C, more preferably at600 °C -1250 °C, more preferably at 700 °C - 1200 °C,
more preferably at 750 °C -1200 °C, more preferably at 800 °C -1190 °C, more preferably at 850 °C -1180 °C, more
preferably at900 °C -1150 °C. The duration of step b) depends onthe appliedtemperature and is generally from 1 minute to
20 hours, preferably from 5 minutes to 10 hours.

[0087] Thermal treatment in step b) of the inventive process leads to reducing the number of free silanol groups,
increasing the skeletal density ofthe silica-based granular material, and significantly increasing the mechanical strength of
the hydrophilic granular material.

[0088] The hydrophilic granular material produced in step b) of the inventive process preferably has a number of silanol
groups relative to BET surface area dg;q 0f less than 2.0 SiOH/nm?2, more preferably 0.3 - 1.9 SiOH/nm?2, more preferably
0.4 - 1.8 SiOH/nm?2, more preferably 0.5 - 1.7 SiOH/nm2, more preferably 0.5 - 1.6 SiOH/nm2, more preferably 0.5-1.5
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SiOH/nm?2, more preferably 0.6 - 1.4 SiOH/nm2, more preferably 0.7 - 1.3 SiOH/nm2, as determined by reaction with lithium
aluminium hydride.

[0089] Inthe processaccordingtotheinvention, step a) and/or step b) and/or step c) may be followed by a separation of
fractions of the granular material of different size from one another in such a way that only one or more fractions having
particular particle sizes are separated off and used further. Such separation can be realized by sieving through an
appropriate sieve.

[0090] Separation of the particles larger than 4000 um, more preferably, larger than 3000 um, more preferably larger
than 2000 pm, more preferably larger than 1500 um, is preferably carried out before conducting step c¢) of the inventive
process. The thus obtained smaller particles can be further used in step ¢) of the process, whereas the separated large
particles can be recycled and further used in the preceding steps of the process, e.g. in step a).

[0091] In step c) of the inventive process, hydrophobizing of the hydrophilic granular material subjected to thermal
treatment in step b), is carried out in the presence of a surface treatment agent comprising a silicon atom and water,
wherein the molar ratio of water to the silicon atoms in the surface treatment agent comprising a silicon atomis from0.01 to
100, preferably 0.05 to 50, more preferably 0.1to 40, more preferably 0.1 to 30, more preferably 0.2 to 20, more preferably
0.5 to 15, more preferably 0.8 to 10, more preferably 0.9 to 8, more preferably 1 to 6.

[0092] The use of both the surface treatment agent comprising a silicon atom and water in step ¢) of the inventive
process in the above-mentioned proportions is essential for achieving the unique properties of the inventive granular
material, i.e. its relatively high hydrophobicity and relatively high polarity.

[0093] The surface treatment agent comprising a silicon atom and/or water are preferably used in liquid form in the
inventive process.

[0094] Stepc)ofthe processaccordingtotheinvention canbe carried outatatemperature of10°Cto 250 °C for 1 minute
to 24 hours. The time and the duration of step ¢) can be selected according to the specific requirements for the process
and/ortargeted granulate properties. Thus, the lower treatmenttemperature usually requires the longer hydrophobization
times. In one preferred embodiment ofthe invention, hydrophobizing ofthe hydrophilic granular material is performed at 10
to 80 °C for 3 to 24 hours, preferably for 5 to 24 hours. In another preferred embodiment of the invention, step c) of the
process is carried out at 90 to 200 °C, preferably at 100 to 180 °C, most preferably at 120 to 160 °C for 0.5to 10 hours,
preferably for 1 to 8 hours. Step ¢) ofthe process according to the invention can be carried out underthe pressure of 0.1 to
10 bar, preferably under 0.5to 8 bar, more preferably at 1 to 7 bar, most preferably under 1.1 to 5 bar. Most preferably, step
c) is performed in a closed system under natural vapour pressure of the used surface treatment agent at the reaction
temperature.

[0095] In step c) of the inventive process, the hydrophilic granular material subjected to thermal treatment in step b) is
preferably sprayed first with liquid water and then with a liquid surface treatment agent, or first with a liquid surface
treatment agent and then with liquid water, or with a liquid mixture of water and with a liquid surface treatment agent at
ambient temperature (about 25 °C) and the mixture is subsequently treated thermally at a temperature of 50 °C t0 400 °C
over a period of 1 to 6 hours.

[0096] An alternative method for surface treatment in step ¢) can be carried out by treating the hydrophilic granular
material subjected to thermal treatment in step b) first with water and then with a surface treatment agent, or first with a
surface treatment agent and then with water, or with a mixture of water and with a surface treatment agent, with water
and/or a surface treatment agent being in the vapour form and subsequently treating the mixture thermally at a
temperature of 50°C to 800 °C over a period of 0.5 to 6 hours.

[0097] Thethermaltreatment after the hydrophobization in step ¢) can be conducted under protective gas, such as, for
example, nitrogen. The surface treatment can be carried out in heatable mixers and dryers with spraying devices, either
continuously or batchwise. Suitable devices can be, for example, ploughshare mixers, freefall mixers or plate, cyclone, or
fluidized bed dryers.

[0098] The amountofsurfacetreatmentagentused candepend on thetype ofthe particles and ofthe surface treatment
agentapplied. However, usually from 1%to 15 %, preferably 2% - 10% by weight of the surface treatment agent related to
the amount of the hydrophilic granular material, is employed.

[0099] Theamountofsurfacetreatmentagentused candepend on thetype ofthe particles and ofthe surface treatment
agentapplied. However, usually from 1%to 25 %, preferably 2% - 20%, more preferably 5% - 18%, by weight ofthe surface
treatment agent related to the amount of the hydrophilic granular material subjected to thermal treatment in step b), is
employed.

[0100] Theamountofwaterused canalsodepend onthe type ofthe particles and ofthe surface treatmentagentapplied.
However, usually from 0.5% to 15 %, preferably 1% - 12%, more preferably 2% - 10%, by weight of water related to the
amount of the hydrophilic granular material subjected to thermal treatment in step b), is employed.

[0101] The required amount of water and of the surface treatment agent can depend on the BET surface area of the
hydrophilic granular material employed. Thus, preferably, 0.1 wmol - 100 mol, more preferably 1 umol -50 .mol, more
preferably 3.0 wmol -20 mol of silicon atoms in the surface treatment agent and 0.1 pmol -500 pmol, more preferably 1
wmol -100 wmol, more preferably 10 wmol -50 pwmol of water per m? of the BET specific surface area of the hydrophilic

12



10

15

20

25

30

35

40

45

50

55

EP 3 870 537 B1
granular material subjected to thermal treatment in step b), is employed.
Thermal insulating composition

[0102] Another subject-matter of the present invention is a thermal insulating composition comprising the hydropho-
bized granular material of the invention. The thermal insulating composition according to the invention can comprise at
least one binder, which joins the individual parts of the cured composition to one another and optionally to one or more
fillers and/or other additives and can thus improve the mechanical properties ofthe cured composition. Such a binder can
contain organic or inorganic substances. The binder optionally contains reactive organic substances. Organic binders
can, forexample, be selected fromthe group consisting of (meth)acrylates, alkyd resins, epoxy resins, gum Arabic, casein,
vegetable oils, polyurethanes, silicone resins, wax, cellulose glue and mixtures thereof. Such organic substances canlead
to the curing of the thermal insulating composition used, for example by evaporation of the solvents, polymerization,
crosslinking reaction or another type of physical or chemical transformation. Such curing can take place, for example,
thermally or under the action of UV radiation or other radiation. Both single (one) component (1-C) and multicomponent
systems, particularly two component systems (2-C) can be applied as binder. Particularly preferred for the present
invention are water based or miscible with water (meth)acrylate based binders and epoxy resins (preferably as two-
component systems).

[0103] The most organic based binder materials like (meth)acrylates and epoxy resins have particular thermal
limitations and cannot be used attemperatures above 150 °C. In contrast to that, the siloxane based materials (silicone
resins) are generally more thermostable and can be applied up to the temperature of about 600 °C without thermal
degradation. Such organosiloxane binders (silicone resins) or hybrid systems containing silicone based and other organic
ingredients are particularly preferred for the use in the composition of the present invention.

[0104] In addition to the organic binder or as an alternative thereto, the thermal insulating composition of the invention
can contain inorganic curable substances. Suchinorganicbinders, also referred to as mineral binders, have essentially the
same task as the organic binders, that of joining additive substances to one another. Furthermore, inorganic binders are
divided into non-hydraulic binders and hydraulic binders. Non-hydraulic binders are water-soluble binders such as calcium
lime, Dolomitic lime, gypsumand anhydrite, which only cure in air. Hydraulic binders are binders which cure inairand inthe
presence ofwaterand are water-insoluble afterthe curing. They include hydraulic limes, cements, and masonry cements.
The mixtures of differentinorganic binders can also be used in the thermal insulating composition of the presentinvention.
[0105] The thermal insulating composition of the invention may comprise 10 to 90 % by weight of a hydrophobized
granular material and 10 to 90 % by weight of the sum of binder and optionally present solvents, preferably water. The
weight ratios of the hydrophobized granular material and of the binder/solvents in such a thermal insulating composition
may significantly vary depending on the amount of water and/or other solvents present in the thermal insulating
composition. Thus, in a ready for application ("wet", "liquid") thermal insulating composition, the ratio of the binder,
which may contain water or other solvents, is normally higher. In this case, the thermal insulating composition of the
present invention may contain 10% to 60% by weight, more preferably 15% to 50 % by weight of the inventive
hydrophobized granular material, and 40% to 90% by weight, more preferably 50% to 85 % by weight of the sum of
the solvents and an inorganic and/oran organic binder. After applying of such a "wet" thermal insulating composition onto
the surface to be isolated, the solvents are usually at least partially removed, leaving a "dried", usually solid thermal
insulating composition containing 20% to 90% by weight, more preferably 30% to 70% by weight of the hydrophobized
granular material ofthe invention, and 10% to 80% by weight, more preferably 20% to 60 % by weightofaninorganic and/or
an organic binder.

[0106] The curing of the thermal insulating composition can be achieved by at least partial polymerization and/or
removal of the solvent. Depending on the system used, this step can preferably take place at a temperature of from 0 to
500°C, particularly preferably from 510 400°C, very particularly preferably from 10 to 300°C. The curing can take place in
the presence of air or with exclusion of oxygen, for example under a protective-gas atmosphere of nitrogen or carbon
dioxide. Said step can take place under standard pressure or under a reduced pressure, for example under vacuum.
[0107] Apart fromthe hydrophobized granular material and the binder, the thermal insulating composition according to
the invention can additionally contain at least one solvent and/or filler and/or other additives.

[0108] The solventused inthe composition ofthe invention can be selected fromthe group consisting of water, alcohols,
aliphatic and aromatic hydrocarbons, ethers, esters, aldehydes, ketones and the mixtures thereof. For example, the
solvent used can be water, methanol, ethanol, propanol, butanol, pentane, hexane, benzene, toluene, xylene, diethyl
ether, methyltert-butyl ether, ethyl acetate, and acetone. Particularly preferably, the solvents used inthe thermaliinsulating
composition have a boiling point of less than 300°C, particularly preferably less than 200°C. Such relatively volatile
solvents can be easily evaporated or vaporized during the curing of the thermal insulating composition according to the
invention. Most preferably, the thermal insulating composition of the invention contain water as a sole solvent.

[0109] In one embodimentofthe invention, a mixture ofthe hydrophobized granular material of the invention, preferably
based on fumed silica, and of a hydrophobized silica aerogel granular material is employed in a thermal insulating
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composition. In such case, the ratio ofthe hydrophobized granular material ofthe invention to aerogel material is preferably
from 10:1 to 1:1, by weight.

[0110] The thermal conductivity of the thermal insulating composition, measured according to EN 12667:2001 by the
method with the guarded hot plate and the heat flow meter instrument, ata mean measurement temperature of 10°C, a
contact pressure of250 Pa under an air atmosphere and at standard pressure (1 atm), is preferably less than 70 m\W/(mK),
more preferably less than 50 mW/(mK), more preferably from 10 mW/(mK) to 45 m\W/(mK), especially preferably from 15
mW/(mK) to 40 mW/(mK) and most preferably from 20 mW/(mK) to 35 m\W/(mK).

Use of the granular material and of the thermal insulating composition

[0111] The hydrophobized granular material according to the invention and/orthe thermal insulating composition based
thereon canin general be used forthermal and/oracousticinsulation, particularly forthe acoustic and/orthermal insulating
of walls, roofs, houses and thermal insulating of industrial plants, parts of industrial apparatuses, tanks, process pipes,
ducts, pipelines and suchlike.

[0112] Thethermal insulating composition comprising the granular of the invention can be applied on the surface to be
isolated by any suitable method, such as brushing, spraying, trowelling, immersion coating etc.

Examples
Analytical methods. Determination/calculation of parameters.

[0113] The cumulative pore volume for pores larger than 4 nm (Hg-pore volume > 4nm)[in cm3/g] was determined by
the mercury intrusion method according to DIN ISO 15901-1 using AutoPore V 9600 device (Micomeritics). Only the pore
volume of pores into which mercury can penetrate, i.e. the pores with a pore diameter of > 4 nm, at the maximal pressure
applied (417 MPa) was detected.

[0114] The cumulative pore volume of pores < 4 um (Hg-pore volume < 4pm, in cm3/g) was determined by the same
mercury intrusion method according to DIN ISO 15901-1 and corresponds to the cumulative pore volume of all pores < 4
pm determinable by this method.

[0115] The skeletal density [in g/cm3] was determined from the results of the analysis of the sample by mercury
intrusion method according to DIN ISO 15901-1 after the volume of all pores larger than 4 nm (at the maximal intrusion
pressure of 417 MPa) has been excluded from the volume presumed occupied by the material.

[0116] Loss on drying (LOD, in wt. %) was determined according to ASTM D280-01 (method A).

[0117] Specific BET surface area [m2/g] was determined according to DIN 9277:2014 by nitrogen adsorption in
accordance with the Brunauer-Emmett-Teller method.

[0118] Tamped density [g/L] was determined according to DIN ISO 787-11:1995.

[0119] Methanol wettability [vol % of methanol in methanol/water mixture] was determined according to the method
described in detail, in WO2011/076518 A1, pages 5-6.

[0120] Carbon content [wt.%] was determined according to EN ISO3262-20:2000 (Chapter 8) by elemental analysis
using Carbon Determination System C632 (manufacturer: LECO). The analysed sample was weighed into a ceramic
crucible, provided with combustion additives and heated in an induction furnace underan oxygen flow. The carbon present
is oxidized to CO,. The amountof CO, gas is quantified by infrared detectors (IR). SiC is not burned and therefore does not
affect the value of the carbon content.

[0121] Thenumber of silanol groups relative to BET surface area dg;s [in SiOH/nm?2] was determined by reaction of
the pre-dried samples of granules with lithium aluminiumhydride solution as described in detail on page 8, line 17 thru page
9, line 12 of EP 0725037 A1.

[0122] The number of silicon atoms in the surface treatment agent relative to BET surface area of the granular
material of the present invention d[Si] [in Si atoms/nm2]was calculated from the carbon content related to the presence of
the surface treatment (= carbon content determined by elemental analysis for all tested samples), and considering the
chemical structure of the surface treatment, e.g. the number of carbon atoms per silicon atom of the surface treatment

agent (Ngs):
disq [Si atoms/nm?] = (C*[wt.%] x Na)/ (Mrc [g/mol] x Nesix BET [m?/g] x 10%°) (3),

wherein Mrs = 12,011 g/mol is an atomic weight of carbon,
Ny is Avogadro number (~6.022*1023),
Ngssi is the ratio of carbon to silicon atoms in the surface treatment agent (Ng,5; = 3 for hexamethyldisilazane).
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[0123] The djg;/dsion ratio was calculated by dividing the number of silicon atoms in the surface treatment agent
relative to BET surface area (dg;) by the number of silanol groups relative to BET surface area (dgjon)-

[0124] Thermal conductivity [in mW/(m*K)] was measured according to EN 12667:2001 by the method with the
guarded hot plate and the heat flow meter instrument. The mean measurement temperature was 10°C and the contact
pressure 1000 Pa; the measurement was conducted under air atmosphere at standard pressure.

Preparation of silica-based materials
Comparative Example 1 (silica powder hydrophobized with HMDS)

[0125] Asilica powder AEROSIL® R812 hydrophobized with HMDS (BET =172 m2/g, manufacturer: EVONIK Resource
Efficiency GmbH)was used as a reference material. Physicochemical properties ofthis silica powder can be foundin Table
2.

Comparative Example 2 (silica/SiC granules hydrophobized with HMDS)
Mixing

[0126] 1000F silicon carbide (Carsimet, manufacturer: Keyvest), 20% by weight, and AEROSIL® R812 hydrophobic
silica (hydrophobized with HMDS, BET =172 m2/g, manufacturer: EVONIK Resource Efficiency GmbH), 80% by weight,
were mixed by means of a Minox PSM 300 HN / 1 MK ploughshare mixer.

Densification

[0127] The mixture of AEROSIL® R812 with silicon carbide produced as described above was densified with a
Grenzebach densifying roll (Vacupress VP 160/220). The tamped density of the granular material obtained was adjusted
via the contact pressure, the roll speed and the reduced pressure applied to 166 g/L. The vacuum applied was less than
300 mbar, absolute. The roll speed was 5 rpm, and the pressure was 2000 N.

Sievingl/fractionation

[0128] In orderto obtain desired fractions, the granular material was first fed to an oscillating sieve mill with mesh size
3150 pum(manufacturer: FREWITT), in order to establish an upper particle limitand hence remove the particles largerthan
this upper limit. This was followed by fractionation of the particle fractions, obtaining the particle size of from 200 to 1190
pm. This was done using a vibrating sieve from Sweco, model LS18S. Physicochemical properties of the thus prepared
silica-based granular material can be found in Table 2.

Comparative Example 3 (without thermal treatment)

Mixing

[0129] 100OF silicon carbide (Carsimet, manufacturer: Keyvest), 20% by weight, and AEROSIL® 300 hydrophilic silica
(BET =300 m2/g, manufacturer: EVONIK Resource Efficiency GmbH), 80% by weight, were mixed by means of a Minox
PSM 300 HN /1 MK ploughshare mixer.

Densification

[0130] The mixture of AEROSIL® 300 with silicon carbide produced above was densified with a Grenzebach densifying
roll (Vacupress VP 160/220). The tamped density ofthe granular material obtained was adjusted via the contact pressure,
the roll speed and the reduced pressure appliedto 1205 g/L. The vacuum applied was less than 300 mbar, absolute. The
roll speed was 5 rpm, and the pressure was 2000 N.

Sievingl/fractionation

[0131] In orderto obtain desired fractions, the granular material was fed to an oscillating sieve mill with mesh size 1000

pm (manufacturer: FREWITT), in order to establish an upper particle limit and hence remove the particles larger than this
upper limit.
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Hydrophobization

[0132] Hydrophilic granules after densification step (100 g) were put in a grounded metal bucket and mixed by a
propeller mixer at 200 rpm, and water (8 g) was sprayed at continuous stirring at 25 °C onto their surface, followed by
spraying of 12 g of hexamethyldisilazane (HMDS). The mixing was continued for 5 minutes. After this time, the bucketwas
sealed with alid containing several holes of 0.5-1mm diameter for pressure compensation, and stored for6 hours at 145 °C
inan oven. Afterthis time, the granular materialwas put into adrying pan and dried in the nitrogen atmosphere in an oven at
120 °C for 3 h to evaporate the volatiles.

[0133] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Comparative Example 4 (with thermal treatment, without hydrophobization)
Mixing

[0134] 1000F silicon carbide (Carsimet, manufacturer: Keyvest), 20% by weight, and AEROSIL® 300 hydrophilic silica
(BET =300 m2/g, manufacturer: EVONIK Resource Efficiency GmbH), 80% by weight, were mixed by means of a Minox
PSM 300 HN /1 MK ploughshare mixer.

Densification

[0135] The mixture of AEROSIL® 300 with silicon carbide produced above was densified with a Grenzebach densifying
roll (Vacupress VP 160/220). The tamped density ofthe granular material obtained was adjusted via the contact pressure,
the roll speed and the reduced pressure applied to 120 +/-5 g/L. The vacuum applied was less than 300 mbar, absolute.
The roll speed was 5 rpm, and the pressure was 2000 N.

Sinteringlhardening

[0136] The subsequentthermal hardening was effected inan XR 310 chamber kiln from Schréder Industrieéfen GmbH.
For this purpose, multiple layers with a bed of height up to 5 cm were subjected to a temperature programme. The
temperature ramp was 300 K/h up to the target temperature of 1025°C; the hold time was 3 hours; then the sample was
cooled (without active cooling) until removal. The tamped density of the obtained sintered granulate was 180 +/- 10 g/L.

Sievingl/fractionation

[0137] In orderto obtain desired fractions, the thermally hardened granular material was fed to an oscillating sieve mill
with mesh size 1000 pm (manufacturer: FREWITT), in order to establish an upper particle limit and hence remove the
particles larger than this upper limit.

[0138] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.
Comparative example 5 (with thermal treatment, hydrophobization without water)

Mixing

[0139] 1000F silicon carbide (Carsimet, manufacturer: Keyvest), 20% by weight, and AEROSIL® 300 hydrophilic silica
(BET =300 m2/g, manufacturer: EVONIK Resource Efficiency GmbH), 80% by weight, were mixed by means of a Minox
PSM 300 HN /1 MK ploughshare mixer.

Densification

[0140] The mixture of AEROSIL® 300 with silicon carbide produced above was densified with a Grenzebach densifying
roll (Vacupress VP 160/220). The tamped density ofthe granular material obtained was adjusted via the contact pressure,
the roll speed and the reduced pressure applied to 120 +/- 5 g/L. The vacuum applied was less than 300 mbar, absolute.
The roll speed was 5 rpm, and the pressure was 2000 N.

Sievingl/fractionation

[0141] In orderto obtain desired fractions, the thermally hardened granular material was first fed to an oscillating sieve
mill with mesh size 1000 pum (manufacturer: FREWITT), in order to establish an upper particle limitand hence remove the
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particles larger than this upper limit.
Sinteringlhardening

[0142] The subsequentthermal hardening was effected inan XR 310 chamber kiln from Schréder Industrieéfen GmbH.
For this purpose, multiple layers with a bed of height up to 5 cm were subjected to a temperature programme. The
temperature ramp was 300 K/h up to the target temperature of 1025°C; the hold time was 3 hours; then the sample was
cooled (without active cooling) until removal. The tamped density of the obtained sintered granulate was 180 +/- 10 g/L.

Hydrophobization

[0143] Hydrophilic granules after densification step (500 g) were put in a grounded metal bucket and mixed by a
propeller mixer at 300 - 500 rpm and hexamethyldisilazane (HMDS) (60 g) was sprayed at continuous stirring at 25 °C onto
their surface. The mixing was continued for 10 minutes. Afterthis time, the bucket was sealed with a lid containing several
holes of 0.5-1mm diameter for pressure compensation, and stored for 6 hours at 145°C in an oven. After this time, the
granular material was putinto a drying pan and dried inthe nitrogen atmosphere at 145°Cin an oven for 3 hto evaporate the
volatiles.

[0144] Fractionation ofthe particle fractions, if necessary, was done using a vibrating sieve from Sweco, model LS188S.
[0145] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Comparative Example 6 (with thermal treatment, hydrophobization in vapour form)

[0146] Preparation of hydrophobized silica granules containing IR-opacifier has been conducted similar to
PCT/EP2018/051142:

Mixing

[0147] 1000F silicon carbide (Carsimet, manufacturer: Keyvest), 20% by weight, and AEROSIL® 300 hydrophilic silica
(BET =300 m2/g, manufacturer: EVONIK Resource Efficiency GmbH), 80% by weight, were mixed by means of a Minox
PSM 300 HN /1 MK ploughshare mixer.

Densification

[0148] The mixture of AEROSIL® 300 with silicon carbide produced above was densified with a Grenzebach densifying
roll (Vacupress VP 160/220). The tamped density ofthe granular material obtained was adjusted via the contact pressure,
theroll speedandthe reduced pressure appliedto 121 g/L. The vacuumapplied was less than 300 mbar, absolute. The roll
speed was 5 rpm, and the pressure was 2000 N.

Sinteringlhardening

[0149] The subsequentthermal hardening was effected in an XR 310 chamber kiln from Schréder Industrieéfen GmbH.
For this purpose, multiple layers with a bed of height up to 5 cm were subjected to a temperature programme. The
temperature ramp was 300 K/h up to the target temperature of 950°C; the hold time was 3 hours; then the samples were
cooled (without active cooling) until removal. The tamped density of the obtained sintered granulate was 180 g/L.

Hydrophobization

[0150] The final hydrophobization of the thermally hardened granules was effected at elevated temperatures over the
gas phase. For this purpose, hexamethyldisilazane (HMDS, 8.6 wt% relative to the weight of the hydrophilic plate) as
hydrophobizing agent was evaporated and conducted through by the reduced pressure process in accordance with the
process from Example 1 of WO 2013/013714 A1. The specimens were heated to more than 100°C in a desiccatorandthen
evacuated. Subsequently, gaseous HMDS was admitted into the desiccator untilthe pressure had risen to 300 mbar. After
the sample had been purged with air, it was removed from the desiccator.

Sievingl/fractionation

[0151] In orderto obtain desired fractions, the thermally hardened granular material was first fed to an oscillating sieve
mill with mesh size 1000 pum (manufacturer: FREWITT), in order to establish an upper particle limitand hence remove the
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particles larger than this upper limit.
[0152] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Example 1

[0153] Granular material according to the invention was prepared similarly to comparative example 5, but for the
hydrophobization part, which was conducted as follows: Hydrophilic granules after sintering step (500 g) were put in a
grounded metal bucket and mixed by a propeller mixer at 300-500 rpm, and water (40 g) was sprayed at continuous stirring
at 25 °C onto their surface followed by spraying of hexamethyldisilazane (HMDS) (60 g). The mixing was continued for 10
minutes. After this time, the bucket was sealed with a lid containing several holes of 0.5-1mm diameter for pressure
compensation, and stored for 6 hours at 145°C in an oven. After this time, the granular material was putinto a drying pan
and dried in the nitrogen atmosphere at 145°C in an oven for 3 h to evaporate the volatiles.

[0154] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Example 2

[0155] Granular material according to the invention was prepared similarly to comparative example 5, but for the
hydrophobization part, which was conducted as follows: Hydrophilic granules after sintering step (500 g) were put in a
grounded metal bucket and mixed by a propeller mixerat 300 -500 rpm, and water(40g) was sprayed at continuous stirring
at25°C ontotheirsurface followed by spraying of hexamethyldisilazane (HMDS) (37.5 g). The mixingwas continued for 10
minutes. After this time, the bucket was sealed with a lid containing several holes of 0.5-1mm diameter for pressure
compensation, and stored for 6 hours at 145°C in an oven. After this time, the granular material was putinto a drying pan
and dried in the nitrogen atmosphere at 145°C in an oven for 3 h to evaporate the volatiles.

[0156] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Example 3

[0157] Granular material according to the invention was prepared similarly to comparative example 5, but for the
hydrophobization part, which was conducted as follows: Hydrophilic granules after sintering step (500 g) were put in a
grounded metal bucket and mixed by a propeller mixerat 300 -500 rpm, and water(20g) was sprayed at continuous stirring
at25°C ontotheirsurface followed by spraying of hexamethyldisilazane (HMDS) (40.0 g). The mixing was continued for 10
minutes. After this time, the bucket was sealed with a lid containing several holes of 0.5-1mm diameter for pressure
compensation, and stored for 6 hours at 145°C in an oven. After this time, the granular material was putinto a drying pan
and dried in the nitrogen atmosphere at 145°C in an oven for 3 h to evaporate the volatiles.

[0158] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Example 4

[0159] Granular material according to the invention was prepared similarly to comparative example 5, but for the
hydrophobization part, which was conducted as follows: Hydrophilic granules after sintering step (500 g) were put in a
grounded metal bucket and mixed by a propeller mixerat 300 -500 rpm, and water(40g) was sprayed at continuous stirring
at25 °C onto their surface followed by spraying ofthe mixture containing 60 g of hexamethyldisilazane (HMDS) and 10 g of
3-(trimethoxysilyl)propyl methacrylate (MEMO). The mixing was continued for 10 minutes. After this time, the bucketwas
sealed with alid containing several holes of 0.5-1mmdiameter for pressure compensation, and stored for 6 hours at 145°C
inan oven. After this time, the granular material was putinto a drying pan and dried in the nitrogen atmosphere at 145°C in
an oven for 3 h to evaporate the volatiles.

[0160] Fractionation of the particle fractions, if necessary (see Table 3), was done using a vibrating sieve from Sweco,
model LS188S.

[0161] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.

Example 5

[0162] Granular material according to the invention was prepared similarly to comparative example 5, but for the
hydrophobization part, which was conducted as follows: Hydrophilic granules after sintering step (500 g) were put in a
grounded metal bucket and mixed by a propeller mixerat 300 -500 rpm, and water(40g) was sprayed at continuous stirring
at25 °C onto their surface followed by spraying ofthe mixture containing 60 g of hexamethyldisilazane (HMDS) and 10 g of
3-(glycidoxypropyl)trimethoxysilane (GLYMO). The mixing was continued for 10 minutes. After this time, the bucket was
sealed with alid containing several holes of 0.5-1mmdiameter for pressure compensation, and stored for 6 hours at 145°C
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inan oven. After this time, the granular material was putinto a drying pan and dried in the nitrogen atmosphere at 145°C in
an oven for 3 h to evaporate the volatiles.

[0163] Fractionation of the particle fractions, if necessary (see Table 3), was done using a vibrating sieve from Sweco,
model LS188S.

[0164] Physicochemical properties of the thus prepared silica-based granular material can be found in Table 2.
[0165] All the granular materials prepared in examples 1-5 showed high porosity, mechanical stability, relatively high
values of the skeletal density, relatively high hydrophobicity (high d[Si], methanol wettability values) and relatively high
polarity (d[SiOH] value) (Tables 1-2). These physicochemical properties make such granules well suitable for various
applications related to thermal or acoustic insulation. Particularly, for preparing thermal insulation coatings, prepared on
the basis of water-based binder systems.

[0166] The granular material from comparative example 2 was prepared by densification of the hydrophobized silica
powder Aerosil R812 (comparative example 1) with SiC. The value of porosity (Hg pore > 4nm) was significantly reduced
(5.22 cm3/g vs. 13.13 cm3/g for granules vs. the powder, respectively) due to the reducing of the interparticle space in the
granules compared to the powder. The tamped density and the skeletal density increased due to the densification,
whereas the hydrophobicity and the polarity remain unchanged (Tables 1-2).

[0167] The granulesincomparative example 3 were prepared similarlytothose in example 1 withthe only difference that
no thermal treatment step has been applied. Tamped density, skeletal density and the overall mechanical stability of this
sample were significantly lower than those values for the granules prepared in example 1 (Tables 1-2).

[0168] The granules from comparative examples 5 and 6 prepared without using water during the hydrophobization
step, showed significantly lower dg;o values than the examples according to the invention, rendering these materials less
suitable for incorporation in polar systems, such as water-based thermal insulating coatings.

Preparation of liquid thermal insulation compositions: general procedure

[0169] The mixing vesselwas charged with the required amount of acrylic binder dispersion (styrene acrylic dispersion
Acronal S790, manufacturer: BASF, 50 wt. % of total formulation). Under slow agitation with an impellor blade, water (17
wt. % oftotal formulation) is added, followed by a stepwise addition of the granular material (32 wt. % of total formulation).
The mixer speed isincreasedto maintain a vortex. Ceramic fibres (Lapinus Rockwool) ofan average fibre length of 900 pm
(approximately 1 wt% oftotal formulation) were added. All granules were completely dispersed within the dispersion/water
medium. Modifiers such as plasticiser, rheology control, coalescent, etc. can be added throughout the mixing steps for
optimization.
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[0170] Similar to the general procedure with styrene acrylic dispersion Acronal S790, the granular material of the
invention could successfully be incorporated in the following binder types leading to the corresponding thermal insulating
compositions with high (up to 25-30 wt% of total formulation) loading of the granular material:

Vinnapas 224 HD (Wacker, styrene acrylic dispersion copolymerized with vinyl silane); CE330 Epoxy Binder (two-
component, 100% solids epoxy resin, manufacturer:

Cornerstone Construction Material, LLC);
100% solids polyurethane binders;
Stucco water-based formulations with sand being substituted by the granular material.

Preparation of solid (dried) thermal insulating compositions

[0171] Thesamples ofthermalinsulation compositions were applied onto polycarbonate substrates of 20 cm X 20 cm X
1 cmsize, compacted with a spatula to form a wet film of approximately 3-5 cmthickness and were allowed to dry on the air
uponthe laboratory bench for 24-36 hours at 20 °C and at a humidity of approximately 50% R.H. All thus prepared thermal
insulating compositions contained 84.5 % by volume ofthe granular materials in dry film. This volume ratio was calculated
as follows: from the amount of granulate Mg g in grams in 100 g of dried thermal insulation composition and the known
tamped density of the granulate dg (in g/L), the volume of granulate V440 in 100 g of this composition was calculated:

Vai00 = Maioo/da

[0172] From the measured volume V49 Of 100 g of the dried thermal insulation composition, the volume ratio of
granulate in the dried thermal insulation composition was calculated as follows:

re (% by volume) = Va100*100%/Vc100.

[0173] After drying, thermal conductivity measurement of all samples was conducted.

[0174] The results of preparation of liquid and dried thermal insulating compositions are summarized in Table 3.
[0175] Relatively high dynamic viscosity of composition with granular material from the comparative example 5 did not
allow applying this composition via spraying.

[0176] Conversely, thermal insulation composites with granules from examples 1, 3, 4 and 5 could be applied by spray
techniques as well as by brushing. Dried films of between 1 and 2.5 mm thickness could be produced in all these cases.

Table 3: Effect of granules on viscosity, ease of application via spraying and thermal conductivity of TIC

Sample Particle size, pm (wt % Dynamic Application Thermal
ratio) viscosity of via spraying conductivity of
liquid TIC, cP dried TIC, mW/mK

Comparative example 5 | < 1200 (100%) 350000 No Not measured
Example 1 < 1000 (100%) 2032 Yes 46.7

Example 3 < 1000 (100%) 2368 Yes 49.5

Example 4 < 1200 (100%) 2475 Yes 65.4

Example 4 <1200 (75%), < 200 (25%) 4167 Yes 61.0

Example 5 < 1200 (100%) 2500 Yes 51.8

Claims

1. Silica-based granular material comprising silica and at least one IR-opacifier selected from the group consisting of
silicon carbide, titanium dioxide, zirconium dioxide, ilmenites, iron titanates, iron oxides, zirconium silicates, man-
ganese oxides, graphites, carbon blacks and mixtures thereof,
hydrophobized with a surface treatment agent comprising a silicon atom, wherein the granular material has:

a) a cumulative pore volume of pores > 4 nm of more than 2.5 cm3/g,
as determined by the mercury intrusion method according to DIN ISO 15901-1;
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b) a tamped density of 140 g/L to 290 g/L;

c) a number of silanol groups relative to BET surface area dgjoy of at least 0.5 SiOH/nm?, as determined by
reaction with lithium aluminium hydride;

d) a number of silicon atoms in the surface treatment agent relative to BET surface area d[Si] of at least 1.0 [Si
atoms]/nm?.

Granular material according to claim 1,
comprising 30% to 95% by weight of silica selected from fumed silica, precipitated silica, silica aerogel, silica xerogel,
and mixtures thereof.

Granular material according to either of claims 1 to 2,

comprising 1% to 70% by weight of at least one IR-opacifier selected from the group consisting of silicon carbide,
titanium dioxide, zirconium dioxide, ilmenites, iron titanates, iron oxides, zirconium silicates, manganese oxides,
graphites, carbon blacks and mixtures thereof.

Granular material according to either of claims 1 to 3,
wherein the surface treatment agent comprising a silicon atomis selected from the group consisting of organosilanes,
silazanes, acyclic polysiloxanes, cyclic polysiloxanes, and mixtures thereof.

Granular material according to either of Claims 1 to 4,
wherein numerical median particle size dgq of the granular material is from 10 pm to 5000 pm.

Granular material according to either of Claims 1 to 5,
wherein at least 5% by weight of the granular material has particle size of less than 200 pm.

Granular material according to either of Claims 1 to 6,
wherein carbon content of the granular material is from 0.5% to 10% by weight.

Granular material according to either of Claims 1 to 7,
wherein a pore volume for pores smaller than 4 um of the granular material, determined by mercury intrusion method
according to DIN ISO 15801-1, is 2 cm3/g - 5 cm3/g.

Granular material according to either of Claims 1 to 8,
having the percent ratio of a pore volume for pores <4 um to a cumulative pore volume of pores > 4 nm, both pore
volumes determined by mercury intrusion method according to DIN ISO 15901-1, of more than 35 %.

Granular material according to either of Claims 1 to 9,
wherein a skeletal density of the granular material, determined by mercury intrusion method according to DIN ISO
15901-1 at 417 MPa, is at least 0.6 g/mL.

Granular material according to either of Claims 1 to 10,
wherein the ratio digy/dgion of 1 to 10.

Process for producing silica-based granular material according to either of claims 1 to 11, comprising the following
steps:

a) dry densifying the powder comprising hydrophilic silica and at least one IR-opacifier selected from the group
consisting of silicon carbide, titanium dioxide, zirconium dioxide, ilmenites, iron titanates, iron oxides, zirconium
silicates, manganese oxides, graphites, carbon blacks and mixtures thereof to give a hydrophilic granular
material with a tamped density of at least 80 g/L;

b) subjecting the hydrophilic granular material produced in step a)to thermaltreatment ata temperature of 300 °C
to 1400 °C;

¢) hydrophobizing the hydrophilic granular material subjected to thermal treatmentin step b) in the presence ofa
surface treatment agent comprising a silicon atom and water, wherein the molar ratio of water to the silicon atoms
in the surface treatment agent comprising a silicon atom is from 0.1 to 100.

Thermal insulating composition comprising the granular material according to either of Claims 1 to 11.
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Thermal insulating composition according to Claim 13, further comprising a binder selected fromthe group consisting
of (meth)acrylates, alkyd resins, epoxy resins, gum Arabic, casein, vegetable oils, polyurethanes, silicone resins,

hybrid systems containing silicone based and other organic ingredients, wax, cellulose glue, and mixtures thereof.

Use of granular material according to either of Claims 1 to 11 for thermal and/or acoustic insulation.

Patentanspriiche

1.

10.

1.

Granulat auf Basis von Kieselsaure, umfassend Kieselsaure und mindestens ein IR-Tribungsmittel ausgewahlt aus
der Gruppe bestehend aus Siliciumcarbid, Titandioxid, Zirconiumdioxid, lImeniten, Eisentitanaten, Eisenoxiden,
Zirconiumsilikaten, Manganoxiden, Graphiten, Ruen und Gemischen davon,

hydrophobiert mit einem Oberflachenbehandlungsmittel, das ein Siliciumatom umfasst, wobei das Granulat Folgen-
des aufweist:

a) ein kumulatives Porenvolumen von Poren >4 nm von mehr als 2,5 cm3/g

gemaR Bestimmung nach der Quecksilberintrusionsmethode gemaf DIN ISO 15901-1;

b) eine Stampfdichte von 140 g/l bis 290 g/l;

c) eine Zahl von Silanolgruppen, bezogen auf BET-Oberflache, dgjoy von mindestens 0,5 SiOH/nm?2 gemaf
Bestimmung durch Reaktion mit Lithiumaluminiumhydrid,;

d) eine Zahl von Siliciumatomen in dem Oberflachenbehandlungsmittel, bezogen auf die BET-Oberflache, d[Si]
von mindestens 1,0 [Si-Atome}/nm?2.

Granulat nach Anspruch 1,
umfassend 30 bis 95 Gew.-% Kieselsdure ausgewahlt aus pyrogener Kieselsaure, gefaliter Kieselsaure, Kiesel-
saure-Aerogel, Kieselsaure-Xerogel und Gemischen davon.

Granulat nach einem der Anspriiche 1 bis 2, umfassend 1 bis 70 Gew.-% mindestens eines IR-Tribungsmittels
ausgewahlt aus der Gruppe bestehend aus Siliciumcarbid, Titandioxid, Zirconiumdioxid, lImeniten, Eisentitanaten,
Eisenoxiden, Zirconiumsilikaten, Manganoxiden, Graphiten, Ru3en und Gemischen davon.

Granulat nach einem der Anspriche 1 bis 3,
wobei das Oberflachenbehandlungsmittel, das ein Siliciumatom umfasst, aus der Gruppe bestehend aus Organo-
silanen, Silazanen, acyclischen Polysiloxanen, cyclischen Polysiloxanen und Gemischen davon ausgewéhlt ist.

Granulat nach einem der Anspriche 1 bis 4,
wobei die nummerische mittlere PartikelgroRe dsq des Granulats 10 um bis 5000 um betragt.

Granulat nach einem der Anspriche 1 bis 5,
wobei mindestens 5 Gew.-% des Granulats eine PartikelgréRe von weniger als 200 pm aufweisen.

Granulat nach einem der Anspriche 1 bis 6,
wobei der Kohlenstoffgehalt des Granulats 0,5 bis 10 Gew.-% betragt.

Granulat nach einem der Anspriche 1 bis 7,
wobei ein Porenvolumen fur Poren kleiner als 4 um des Granulats, bestimmt nach der Quecksilberintrusionsmethode
gemaf DIN ISO 15901-1, 2 cm3/g - 5 cm3/g betragt.

Granulat nach einem der Anspriche 1 bis 8

mit dem prozentualen Verhaltnis von einem Porenvolumen fir Poren < 4 pm zu einem kumulativen Porenvolumen
von Poren >4 nm, wobei beide Porenvolumina nach der Quecksilberintrusionsmethode gemafR DIN ISO 159011
bestimmt werden, von mehr als 35 %.

Granulat nach einem der Anspriche 1 bis 9,
wobei eine Skelettdichte des Granulats, bestimmt nach der Quecksilberintrusionsmethode gemafR DIN I1ISO 159011

bei 417 MPa, mindestens 0,6 g/ml betragt.

Granulat nach einem der Anspriche 1 bis 10,

24



10

15

20

25

30

35

40

45

50

55

EP 3 870 537 B1
wobei das Verhaltnis djg;/dsijon 1 bis 10 betragt.

12. Verfahren zur Herstellung von Granulat auf Basis von Kieselsaure nach einem der Anspriiche 1 bis 11, umfassend die
folgenden Schritte:

a) Trockenverdichten des Pulvers, das hydrophile Kieselsaure und mindestens ein IR-Tribungsmittel ausge-
wahlt aus der Gruppe bestehend aus Siliciumcarbid, Titandioxid, Zirconiumdioxid, lImeniten, Eisentitanaten,
Eisenoxiden, Zirconiumsilikaten, Manganoxiden, Graphiten, Ruen und Gemischen davon umfasst, zu einem
hydrophilen Granulat mit einer Stampfdichte von mindestens 80 g/l;

b)thermische Behandlung des in Schritt a) hergestellten hydrophilen Granulats bei einer Temperatur von 300 °C
bis 1400 °C;

¢) Hydrophobieren des in Schritt b) thermisch behandelten hydrophilen Granulats in Gegenwart von einem
Oberflachenbehandlungsmittel, das ein Siliciumatom umfasst, und Wasser, wobeidas Molverhéltnis von \Wasser
zu den Siliciumatomen in dem Oberflachenbehandlungsmittel, das ein Siliciumatom umfasst, 0,1 bis 100 betragt.

13. Warmedammzusammenetzung, umfassend das Granulat nach einem der Anspriche 1 bis 11.

14. Warmedammzusammensetzung nach Anspruch 13, ferner umfassend ein Bindemittel ausgewahlt aus der Gruppe
bestehend aus (Meth)acrylaten, Alkydharzen, Epoxidharzen, Gummi arabicum, Casein, Pflanzenélen, Polyuretha-
nen, Silikonharzen, Hybridsystemen, die silikonbasierte und andere organische Bestandteile enthalten, Wachs,
Celluloseleim und Gemischen davon.

15. Verwendung von Granulat nach einemder Anspriche 1 bis 11 zur Wéarmedammung und/oder akustischen Isolierung.

Revendications

1. Matériau granulaire a base de silice comprenant de la silice et au moins un opacifiant IR choisi dans le groupe
constitué par le carbure de silicium, le dioxyde de titane, le dioxyde de zirconium, les ilménites, les titanates de fer, les
oxydes de fer, les silicates de zirconium, les oxydes de manganése, les graphites, les noirs de carbone et leurs
mélanges,
hydrophobisé avec un agent de traitement de surface comprenant un atome de silicium, dans lequel le matériau
granulaire a :

a) un volume de pores cumulé de pores >4 nm supérieur a 2,5 cmd/g,

comme déterminé par le procédé d’intrusion de mercure selon la norme DIN ISO 159011 ;

b) une densité tassée de 140 g/L a 290 g/L ;

¢) un nombre de groupes silanol par rapport a la surface BET dgjon d’au moins 0,5 SiOH/nm2, comme déterminé
par réaction avec I'hydrure de lithium et d’aluminium ;

d) un nombre d’atomes de silicium dans 'agent de traitement de surface par rapport & la surface BET d[si] d’au
moins 1,0 [atome de Si}/nmZ.

2. Matériau granulaire selon la revendication 1,
comprenant 30 % a 95 % en poids de silice choisie parmi la silice fumée, la silice précipitée, 'aérogel de silice, le
xérogel de silice et leurs mélanges.

3. Matériau granulaire selon 'une des revendications 1 a 2,
comprenant1 % a 70 % en poids d’au moins un opacifiant IR choisidans le groupe constitué parle carbure de silicium,
le dioxyde de titane, le dioxyde de zirconium, les ilménites, les titanates de fer, les oxydes de fer, les silicates de
zirconium, les oxydes de manganése, les graphites, les noirs de carbone et leurs mélanges.

4. Matériau granulaire selon 'une des revendications 1 a 3,
dans lequel 'agent de traitement de surface comprenant un atome de silicium est choisi dans le groupe constitué par

les organosilanes, les silazanes, les polysiloxanes acycliques, les polysiloxanes cycliques et leurs mélanges.

5. Matériau granulaire 'une des revendications 1 a 4, dans lequel la dimension numérique médiane de particule dsq du
matériau granulaire estde 10 pma 5 000 pm.
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Matériau granulaire 'une des revendications 1 a 5, dans lequel au moins 5 % en poids du matériau granulaire a une
granulométrie inférieure 4 200 pm.

Matériau granulaire 'une des revendications 1 a 6, dans lequel lateneur en carbone du matériau granulaire estde 0,5
% a 10 % en poids.

Matériau granulaire 'une des revendications 1 a 7, dans lequel un volume de pores pour des pores plus petits que 4
pwmdu matériau granulaire, déterminé parle procédé d’intrusion de mercure selonlanorme DIN ISO 15901-1, estde 2
cm3/g a 5 cmd/g.

Matériau granulaire 'une des revendications 1 a 8, ayant un rapport de pourcentage d’un volume de pores pour les
pores <4 umsurunvolume de pores cumulé pourles pores >4 nm, lesdeuxvolumes de pores étantdéterminés parle
procédé d’intrusion de mercure selon la norme DIN ISO 15901-1, supérieur a 35 %.

Matériau granulaire 'une des revendications 1 & 9, dans lequel la densité de squelette du matériau granulaire,
déterminée par le procédé d’intrusion de mercure selon la norme DIN ISO 15901-1 &4 417 MPa, est d’au moins 0,6
g/mL.

Matériau granulaire 'une des revendications 1 a 10, dans lequel le rapport dig;/dgion est de 1 a 10.

Procédé de production d’'un matériau granulaire a base de silice selon'une des revendications 1 411, comprenantles
étapes suivantes :

a) densification a sec de la poudre comprenant de la silice hydrophile et au moins un opacifiant IR choisi dans le
groupe constitué par le carbure de silicium, le dioxyde de titane, le dioxyde de zirconium, les ilménites, les
titanates de fer, les oxydes de fer, les silicates de zirconium, les oxydes de manganése, les graphites, les noirs de
carbone et leurs mélanges pour obtenir un matériau granulaire hydrophile doté d’une densité tassée d’au moins
80 g/L;

b) soumission du matériau granulaire hydrophile produitaI'étape a) & un traitementthermique a une température
de 300 °C a 1400 °C;

¢) hydrophobisation du matériau granulaire hydrophile soumis a un traitement thermique dans I'étape b) en
présence d'un agent de traitement de surface comprenant un atome de silicium et de 'eau, dans lequel le rapport
molaire de I'eau sur les atomes de siliciumdans 'agent de traitement de surface comprenant un atome de silicium
estde 0,1 a 100.

Composition d’isolation thermique comprenant le matériau granulaire selon 'une des revendications 1 a 11.

Composition d’isolation thermique selon la revendication 13, comprenant en outre un liant choisi dans le groupe
constitué par les (méth)acrylates, les résines d’alkydes, les résines époxy, la gomme arabique, la caséine, les huiles
végétales, les polyuréthanes, les résines de silicone, les systémes hybrides contenant une silicone et d’autres

ingrédients organiques, une cire, une colle de cellulose et leurs mélanges.

Utilisation de matériau granulaire selon 'une des revendications 1 & 11 pour l'isolation thermique et/ou acoustique.
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