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THERMAL AND/OR ACOUSTIC INSULATION
MATERIALS SHAPED FROM SILICA (AS
AMENDED)

[0001] The present invention relates to porous materials
based on dried silica, generally 1n the form of panels, which
are particularly suitable as thermal and/or acoustic insulation
materials. The invention also relates to a method of obtain-
ing these isulation matenals.

[0002] Many types of materials intended to provide ther-
mal and/or acoustic insulation are known at the present time.
These maternials, which usually take the form of panels of
rectangular or square shape, are 1n particular used 1n the field
of the construction of buildings and dwellings, 1n which they
are 1n particular employed for thermally msulating and/or
soundproofing the walls and ceilings.

[0003] Usually, these panels exhibiting a thermal-insula-
tion and/or soundproofing eflect are materials based on a
porous agglomerate of finely divided particles, essentially
contaiming particles having a low thermal conductivity, such
as, for example carbon black, calcium sulfate, calcium
carbonate, pyrogenic silica and/or precipitated silica par-
ticles in powder form.

[0004] Especially for the purpose of ensuring that these
insulating panels have suflicient mechanical strength, espe-
cially making 1t practical to handle them, 1t 1s conventional
to mcorporate reinforcing fillers, such as fibrous matenals,
into their structure.

[0005] Another more specific use of thermally insulating
panels 1s for the thermal insulation of enclosures heated to
high temperature, such as industrial thermal enclosures
(furnaces or ovens for example) or thermal enclosures of the
household type (such as pyrolitic ovens in particular).
Another application of thermal 1nsulation panels within this
context 1s the manufacture of fire doors or site walls intended
in particular for limiting the propagation of the onset of fires
or for bringing fires under control.

[0006] In these particular applications, the material is in
general subjected to temperatures that can vary widely, such
as for example to temperature cycles in which the tempera-
ture rises and falls within a furnace or oven. These thermal
variations have a tendency to induce expansion and con-
traction phenomena within the material, which may be
unacceptable in certain applications and also usually result
in high mechanical stresses liable to weaken the structure of
the maternial over the relatively long term. In general, incor-
porating reinforcing fillers limits these phenomena, but this
does not always prove to be suilicient for inhibiting them
and for ensuring satisfactory mechanical integrity of the
material.

[0007] In addition, within the context of the thermal
insulation of enclosures heated to high temperature, particu-
larly pronounced thermal insulation properties are in general
required. To obtain insulating panels having thermal 1nsu-
lation properties suitable for this type of use, 1t 1s recom-
mended 1n general to introduce into their structure agents
called “opacilying agents” such as for example titanium
dioxide particles. These opacilying agents reflect, absorb
and/or disperse at least part of the infrared radiation and thus
consolidate the thermal barnier effect of the material. Even
so, 1t turns out that the mere presence of these opacilying
agents does not always make it possible to obtain optimum
thermal 1nsulation properties.
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[0008] A conventional method for preparing the afore-
mentioned thermal and/or acoustic insulation panels consists
in carrying out a dry compacting operation of their constitu-
ents, namely by applying pressure to the particles of low
thermal conductivity, generally 1n combination with rein-
forcing fillers, and optionally opacilying agents. This
method 1s 1n general carried out by introducing these con-
stituents 1n the form of a blend of finely divided particles
and/or powders 1n a porous envelope, for example a bag or
a cushion made of glass fabric and then applying a high
pressure (typically of about 10 bar or more) to said envelope,
in order to bond the particles together, so as to obtain a
compressed material having a certain mechanical integrity.

[0009] The panels obtained according to this dry compact-
ing method wusually have insuflicient physical and/or
mechanical properties. Thus, the thermal and acoustic 1nsu-
lation properties of the materials often prove to be bad, 1n
particular when the low thermal conductivity particles
involved 1n their structure are carbon black, calcium sulfate
or calcium carbonate particles. More acceptable insulation
properties may be obtained by using silica particles. How-
ever, with these particles, materials having insuilicient
mechanical properties are obtained, said materials being in
particular ifriable and inclined to cracking.

[0010] To solve this problem, and to obtain materials
having both good mechanical integrity and usetul thermal
and acoustic msulation properties, methods have been devel-
oped wherein, mstead of dry compressing the constituents,
one dries an aqueous slurry containing silica particles and
optionally additives. Especially, Patent EP 0 394 469
describes a method of preparing msulating panels based on
dried silica, which consists 1n drying an aqueous composi-
tion obtained by blending a pulverized cake of precipitated
silica to which at least one reinforcing filler, and optionally
an opacilying agent, have been added. The matenals
obtained according to the method of EP 0 594 469 exhibit
satisfactory mechanical integrity, combined with thermal
and acoustic properties at least similar to those of the
materials obtained by dry compacting, and usually superior
to them. In this regard, it seems reasonable to suppose that
the operation of drying an aqueous slurry instead of a dry
compacting operation makes 1t especially possible to
increase the pore volume of the material obtained in fine.
The method of EP 0 594 469 also proves to be economically
more advantageous than dry compacting, especially insofar
as 1t obviates the expensive and burdensome phases of
blending powders and compacting them at high pressure.

[0011] In the methods for preparing insulating panels
based on dried silica of the type of those described 1 EP O
594 469, the aqueous composition which undergoes the
drying operation 1s in general a slurry with a solids content
of at least 10%, which 1s fluidized (disintegrated) before
being introduced 1into a mold, and then dried.

[0012] Now, the inventors have discovered that it is pos-
sible to further improve the properties of the insulation
materials which are obtained by drying aqueous composi-
tions based on precipitated silica particles, by carrying out
the drying operation on a precompacted aqueous composi-
tion, €.g. a cake obtained by filtering a precipitated silica
dispersion 1n a {ilter press.

[0013] Within this context, the work carried out by the
inventors has more specifically demonstrated that 1t 1s actu-
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ally more advantageous to carry out a drying step on a cake
obtained by filtering an aqueous dispersion of precipitated
silica particles 1 a filter press, rather than on a cake
subjected to a subsequent fluidization step, as carried out 1n

the method of EP 0 954 469.

[0014] In other words, the inventors have surprisingly
discovered that 1t 1s possible to improve the method of EP O
594 469, especially by avoiding one of the steps of this
method, thereby making 1t possible to produce more advan-
tageous materials by means of a less expensive method. In
addition, by carrying out the drying directly on a compacted
silica cake obtained from a filter press, the use of a mold 1s
no longer necessary for the drying step insofar as the
compacted cake 1s already formed in the filter press. This
turther reduces the production costs of the matenal.

[0015] Without being tied down to any specific theory, it
seems plausible that a drying operation carried out on a
compacted aqueous composition, mstead of on a pulverized
composition as used i EP 0 594 469, makes it especially
possible to reduce the size of the pores present in the
maternal, 1n general without important reduction of the total
pore volume, which especially enhances the thermal and
acoustic insulation properties.

[0016] The materials obtained by the inventors are more-
over particularly suitable for use 1n a vacuum, 1n which they
especially exhibit good mechanical integrity and useful
thermal insulation properties.

[0017] On the basis of the various elements above, the
present invention aims to provide a method of preparing
insulating materials of the dried-silica panel type having
mechanical integrity and thermal and/or acoustic insulation
properties at least similar, and preferably superior, to those
of currently known silica panels, and to attend this aim with

a lower production cost than with the methods of the prior
art.

[0018] An object of the invention is further to provide
novel materials based on dried silica that are suitable for
thermal and/or acoustic msulation, and preferably suitable
for thermal 1nsulation at high temperature.

[0019] Within this context, the aim of the invention is in
particular to provide such materials in the form of dried-
silica panels having 1n particular suflicient mechanical integ-
rity to allow them to be handled. The aim of the invention
1s also specifically to provide such materials that are suitable
for vacuum processing, especially i order to produce
vacuum thermal insulation.

10020] Thus, according to a first aspect, the subject of the
present invention 1s a method of preparing a thermal and/or
acoustic insulation material based on dried precipitated
silica, comprising the steps consisting 1n:

[0021] (A) filtering an aqueous dispersion D containing
precipitated silica particles in a filter press, whereby a
compacted filter cake 1s obtained; and then

[10022] (B) drying the filter cake in the compacted state
as obtained after step (A).

[0023] The expression “thermal and/or acoustic insulation
material” 1s understood to mean, within the context of the
present invention, a porous solid having suflicient mechani-
cal strength for 1t to be able to be handled, and possessing
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absorption, reflection and/or dispersion properties for ther-
mal radiation and/or acoustic waves.

10024] Advantageously, the thermal and/or acoustic insu-
lation material prepared according to the invention takes the
form of a particulate panel, preferably of rectangular or
square shape. In the method of the invention, the drying of
step (B) consists 1in substantially removing the water con-
tammed i the compacted cake obtamned from step (A),
optionally after demolding the compacted cake obtained 1n
the filter press. Insofar as this compacted cake 1s dried 1n this
state, step (B) generally results essentially 1n the formation
ol a one-piece solid, the shape of which 1s determined by the
filter press used 1n step (A), which acts as a mold for the
compacted cake produced.

[0025] Consequently, when it is desired to obtain an
insulation panel of given shape, 1t 1s usually advantageous to
carry out step (A) within a filter press having said shape, for
example 1n a filter press having a rectangular or square
shape.

[0026] Alternatively, the compacted cake obtained in step
(A) may, 1n certain cases, be demolded from the filter press
and then cut up 1nto the desired shape, prior to the drying of
step (B). In this case, 1t 1s necessary however, to modily as
little as possible the state of compaction of the cake pro-
duced 1n step (A). To do this, the cutting-up operation should
in particular be carried out with the least possible vibration.

[10027] Whatever the shape of the insulation material pre-
pared, one of the essential steps of the method of the
invention 1s step (A), whose purpose 1s to form a compacted
filter cake. The work carried out by the mnventors seems to
indicate that, the greater the compacting of the cake pro-
duced 1n step (A), the greater the reduction observed 1n the
s1ze ol the pores present in the material obtained after the
drying of step (B), thereby improving the insulation prop
erties. However, excessive compacting results, on the con-
trary, in a material having a low pore volume, which 1s
prejudicial to the insulation properties. Therefore, in the
general case, 1t 1s necessary to carry out the compacting of
the cake from step (A) under moderate pressure. Thus, the
filtration 1n the filter press of step (A) preferably includes a
compacting operation with a pressure of between 2 and 10
bar (that is to say between 2x10° Pa and 10x10° Pa).
Advantageously, the pressure employed 1s 3 bar or higher,
and more preferably 4 bar or higher. Moreover, 1n particular
to minimize the reduction in pore volume of the material
obtained 1 fine, 1t often proves advantageous for this
pressure to be 8 bar or less, preferably 7 bar or less, and more
preferably less than 6 bar. Particularly advantageously, the
pressure at which the compacting of step (A) 1s carried out
1s thus between 2 and 7 bar and pretferably between 4.5 and
5.5 bar (typically around 5 bar).

[0028] Generally, the compacted filter cake obtained after
step (A) has a solids content of at least 10% by weight and
preferably at least 15% by weight, this content generally
remaining less than 35% by weight. Usually, 1t 1s preferred
for this solids content to be between 20 and 30% (typically
around 25%). To do this, the pressure filtration of step (A)
1s generally carried out for a time of at least 10 minutes,
typically between 10 and 40 minutes, and preferably for at
least 20 minutes, especially so as to establish the optimum
porosity within the material.
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[0029] According to an advantageous embodiment, the
pressure filtration of step (A) comprises two successive
steps, namely:

[0030] (A1) a filtration under moderate pressure (for
example between 0.5 bar and 2 bar, and typically at a
pressure of around 1 bar), in general carried out for a
time of 5 to 10 minutes; and then

[0031] (A2) compacting of the filter cake obtained at a
higher pressure than that of step (Al) (generally
between 2 and 10 bar, preferably between 3 and 8 bar,
advantageously at a pressure of around 5 bar, especially
between 4 and 6 bar), in general for a time of at least
2 minutes (see example 1) and usually for 5 to 30
minutes, and advantageously for at least 15 minutes).

[0032] As a general rule, the implementation of aforemen-
tioned steps (Al) and (A2) makes 1t possible 1n particular to
reduce the risk of cracks forming during the subsequent

drying step (B).

10033] Whatever the precise method of implementing step
(A), this step 1s 1n general carried out at room temperature
(typically at a temperature between 10 and 30° C.) However,
according to certain methods of implementation, higher
temperatures may be envisaged, (especially temperatures
between 30 and 80° C.), for example in order to increase the
filtration rate.

10034] The aqueous precipitated-silica-based dispersion D
subjected to the filtration of step (A) 1n a filter press may 1n
general be any dispersion based on precipitated silica par-
ticles. The term “precipitated silica” denotes, within the
context of the present description, any silica obtained by the
reaction of a silicate with an acid, according to any method
ol preparation, especially by the addition of an acid to a
silicate stock, or else by simultaneous, total or partial,
addition of acid and silicate to a water or silicate stock. In
general, the suspension D 1s a silica slurry such as that
obtained after such reactions, to which various additives
may optionally be added.

[0035] Preferably, the precipitated silica present in the
aqueous dispersion D 1s a precipitated silica which, once
dried, has a BET specific surface area of between 80 and 400
m~/g, and preferably between 100 and 350 m®*/g and a
CETAB specific surface area of between 80 and 350 m~/g,
and preferably between 100 and 250 m*/g.

[0036] As examples of precipitated silicas that are par-
ticularly suitable for implementing the method of the inven-
tion, mention may particularly be made of the precipitated

silicas obtained by the methods described for example 1n EP
0520862, WO 95/09127, WO 95/09128, or WO 03/016215.

10037] The initial solids content of the suspension D that
1s subjected to the pressure filtration of step (A) may vary
quite widely. However, 1t 1s preferable for this mnitial solids
content before filtration to be between 5 and 30%, and
preferably between 15 and 25% by weight. Preferably, the
precipitated silica i1n the aqueous dispersion D 1s the pre-
dominant solid compound. Thus, 1t 1s preferable for the
precipitated silica 1n the dispersion D to be present in an
amount of at least 50% by weight, preferably at least 75%
by weight relative to the total mass of solids of the disper-
sion D.
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[0038] Usually, the aqueous dispersion D used in step (A)
contains, 1n addition to the precipitated silica, a reinforcing
filler. In general, this filler 1s intended to increase the
mechanical integrity of the insulation panel obtained by the
method. Where appropriate, this reinforcing filler preferably
contains reinforcing fibers chosen from the group formed by
aluminum silicate fibers, alumina fibers, mineral wool fibers,
glass fibers, quartz fibers, ceramic fibers, polymer fibers and
cellulose fibers, said reinforcing fibers preferably being
glass fibers or polymer fibers, such as polyamide fibers.

[0039] Whatever the nature of the reinforcing filler used,
it 1s preferred, when such a filler 1s present, for the (silica/
reinforcing filler) mass ratio 1n the aqueous dispersion D of

step (A) to be between 75/25 and 99/1, and preferably
between 85/15 and 98/2.

[0040] Especially when it is desired to prepare materials
suitable for high-temperature thermal insulation, the aque-
ous dispersion D used 1n step (A) may contain, 1 addition
to precipitated silica and an optional reinforcing filler, an
opacitying agent, namely a compound capable of reflecting
absorbing and/or dispersing at least part of the infrared
radiation. Where appropriate, this opacitying agent acting as
an inirared barrier 1s advantageously chosen from the group
consisting of chromium oxide, zirconium oxide, iron oxide,
titanium dioxide, manganese dioxide, 1lmenite, quartz pow-
der, silicon carbide, boron carbide, tantalum carbide, carbon
black and graphite, 1n general in particulate form. The
titanium dioxide and ore particles that it comprises, in
particular the ilmenite particles, constitute particularly suit-
able opacilying agents within the context of the present
invention.

[0041] When an opacifying agent is present in the disper-
sion D used in step (A), 1t 1s 1n general preferred for the
(silica/opaciiying agent) mass ratio within the aqueous dis-
persion D to be between 350/50 and 99/1, and preferably
between 70/30 and 90/10.

[0042] Whatever the precise composition of the dispersion
D, step (A) consists 1n carrying out a pressure filtration
operation on this dispersion, so as to obtain a compacted
cake whose solid phase has substantially the same compo-
sition as the solid phase of the suspension D.

[0043] Especially when the suspension D contains dis-
solved compounds (such as acids or salts resulting from the
silica precipitation reaction for example), 1t may prove
beneficial for step (A) to include one or more washing
operations (using water or solvents). Where appropriate, the
washing operation(s) must however be carried out taking
care not to obtain a pulvenized cake after step (A). This 1s
because, characteristically, step (B) of the method of the
invention must be carried out on a filter cake 1 the com-
pacted state. Thus, when washing steps are carried out, it 1s
in general preferable that they be carried out 1n the filter
press, and advantageously under pressure, so as to obtain a
properly compacted cake prior to drying.

[0044] The drying step (B) of the method of the present
invention generally consists 1n substantially removing the
water present in the compacted cake obtained from step (A),
in general so as to obtain a water content in the maternial of
15% or less, and typically between 1 and 10% by weight. In
general, this drying 1s carried out slowly, especially so as to
optimize the cohesion of the various particles and to avoid
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the formation of cracks, which would be liable to aftect the
insulating properties of the material, or even 1ts mechanical
strength.

[0045] The drying of step (B) may be carried out by
leaving the compacted cake obtained after step (A) 1n the
filter press used for the filtration. However, the compacted
cake obtained after step (A) 1s 1n general sufliciently com-
pacted for 1t to be possible to demold 1t from the filter press
without appreciably aflecting 1ts compacted character.

[0046] When it is desired to demold the compacted cake
from step (A) prior to the drying of step (B), 1t 1s 1n general
advantageous to coat the internal surface of the filter press
with a mold-release agent such as, for example, an organic
o1l or a silicone o1l, prior to the pressure filtration of step (A).
The presence of such a mold-release agent allows the
compacted cake to be demolded even more easily, and
therefore 1ts state of compaction prior to drying to be
disturbed even less.

10047] According to a first embodiment, step (B) of the
method of the invention 1s carried out by leaving the
compacted filter cake obtained aiter step (A) to dry at room
temperature, namely at a temperature between 10 and 30°
C., preferably between 15 and 25° C. Depending on the
initial water content of the compacted cake and on 1ts
composition, the evaporation time may vary widely accord-
ing to thus first embodiment. However, usually a drying
operation lasts around 10 to 20 days, or even a shorter time.

[0048] According to another embodiment, step (B) is
carried out by subjecting the compacted filter cake as
obtained after step (A) to a progressive temperature rise,
generally from room temperature (typically 20° C.) up to a
temperature of at least 100° C., or even up to a temperature
of at least 200° C., with the slowest possible rate of
temperature rise, preferably less than 2° per minute, and
typically not exceeding 0.5° C. per minute. Preferably, when
a progressive temperature rise 1s employed, it proves to be
advantageous to hold the temperature at one, two or three
intermediate temperature levels. Usually, step (B) may be
carried out under the drying conditions described 1n Patent
EP 0 594 469. Moreover, 1t 1s oiten advantageous, especially
so as to limit the risk of cracks forming, for step (B) to be
carried out by controlling the ambient humidity during the
drying operation.

[0049] According to another aspect, the subject of the
present mvention 1s porous thermal and/or acoustic 1nsula-
tion materials based on dried precipitated silica, which can
be obtained by the method described above. These materials
usually take the form of panels, generally of rectangular or
square shape.

[0050] These materials are especially different from the
currently known thermal and/or acoustic insulation materi-
als by a particular porosity which gives them particularly
pronounced insulating properties, and in particular advan-
tageous thermal 1nsulation properties.

[0051] As a general rule, the materials according to the
present invention have a porous structure with a small pore
size. The “pore size” referred to here 1s the pore size as
determined using the mercury porosimetry method, for
example by means of a porosimeter of the Micromeritics
Autopore 111 9420 type. In the mercury porosimetry method,
the porous specimens tested are prepared as follows: the
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specimen 1s dried for two hours 1n an oven at 200° C. and
then placed 1n a test vessel within 5 minutes following its
removal from the oven, and then vacuum-degassed, for
example using a rotary vane pump; the pore diameters are
calculated by the Washburn equation with a contact angle O
of 140° and a surface tension vy of 484 N/m (or dynes/cm).

[0052] Mercury porosity measurements using the above
method demonstrate that, 1n an mnsulation material according
to the mnvention, a high proportion of the pores present are
pores having a size of less than 1000 nm.

[0053] Thus, as a general rule, it 1s found, by mercury
porosimetry measurements, that, in a matenal according to
the invention, the pore volume of the pores smaller 1n size
than 1000 nm represents at least 40%, and usually at least
50%, of the total pore volume of the material. In most cases,
in the materials obtained according to the method of the
present mvention, the pore volume of the pores smaller in

s1ze than 1000 nm represents at least 60%, or even at least
70%, of the total pore volume.

[0054] Furthermore, it 1s usually observed that, among the
pores smaller 1n size than 1000 nm present 1n a material
according to the invention, the pores smaller in size than 100
nm are predominant. Thus, mercury porosimetry shows that
the pore volume of the pores smaller 1n size than 100 nm
represents at least 50%, 1n general at least 60%, and advan-
tageously at least 70% of the pore volume of pores smaller
in size than 1000 nm. As a general rule, this proportion of
pores smaller 1n size than 100 nm 1s higher the greater the
pressure at which the filtration of step (A) 1s carried out.

[0055] In addition to the aforementioned relatively small
pore sizes, a material according to the present invention
generally possesses a relatively high total pore volume. The
term “pore volume” 1s understood here to mean the volume
of the accessible pores of the material, as determined by the
alorementioned mercury porosimetry method. This total
pore volume is generally between 1 and 5 cm’/g (between 1
and 5 ml/g), and usually between 1.2 and 4 cm*/g, this total
pore volume preferably being greater than 1.5 cm”/g, advan-
tageously at least 2 cm’/g and even at least 2.5 cm’/g. In
general, the pore volume of the pores smaller in size than
100 nm is itself at least 1 cm®/g, usually at least 1.1 cm”/g
and preferably at least 1 cm®/g. Materials having large pore
volumes are 1n general obtained when the pressure at which
the filtration of step (A) 1s carried out is relatively low,
typically when this pressure 1s around 5 bar or less (for
example between 2 and 3.5 bar). However, so as to obtain
materials with a high pore volume, 1t 1s usually necessary to
carry out step (A) at a high pressure, advantageously at least
equal to 3 bar, preferably 4 bar, especially so as to obtain the
highest possible mechanical strength of the material.

[0056] Ifitis obtained by drying the filter cake obtained by
filtration of the dispersion D carried out in step (A), an
insulation material according to the invention generally has
a composition extremely similar, and usually identical, to
that of the solid phase of the aqueous dispersion D. Thus, 1n
general a matenial according to the invention consists pre-
dominantly of dried precipitated silica, that 1s to say with a
content of at least 50% by weight, preferably at least 75% by
weight and advantageously at least 80% by weight relative
to the total weight of the material.

[0057] Depending on the nature of the dispersion D used
in 1ts method of formation, a material according to the
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invention may also include other elements than dried silica,
and 1n particular additives such as a reinforcing filler and/or
an opacilying agent.

[0058] According to one advantageous embodiment, a
material according to the mvention 1s a material obtained
from a dispersion D comprising, in addition to precipitated
silica, a reinforcing filler. In general, such a material com-
prises:

[0059] from 75 to 99% by weight, and preferably 85 to
98% by weight, of dry silica; and

[0060] from 1 to 25% by weight and preferably 1.5 to
10% by weight of reinforcing filler.

[0061] A material according to this embodiment 1s par-
ticularly suitable as a thermal and acoustic insulation mate-
rial for walls or ceilings of buildings or dwellings. Its
thermal insulation properties also make i1t suitable as a
fire-stop material.

[0062] In another embodiment, a material according to the
invention 1s a material obtained from a dispersion D com-
prising, 1n addition to precipitated silica, an opacilying
agent, and optionally a reinforcing filler.

[0063]

[0064] from 50 to 90% by weight, and preferably 65 to
75% by weight, of dry silica;

In general, such a material comprises:

[0065] from 9 to 50%, and preferably 20 to 30%, by
weight of an opacitying agent; and

[0066] from O to 15% by weight, preferably at least
0.5% by weight and advantageously between 1 and
10% by weight of reinforcing filler.

[0067] A material according to this specific embodiment 1s
particularly intended for producing a high-temperature ther-
mal 1nsulation, 1 particular for the insulation of enclosures
heated to lhigh temperatures, or as constituent materials of
fire-stop barriers. These materials are also suitable for the
more usual uses of thermal and acoustic insulation, such as
the 1nsulation of walls and ceilings.

[0068] More generally, the materials obtained according to
the method of the mvention prove to be useful as thermal
and/or acoustic insulation material, and in particular for
thermal 1nsulation under reduced pressure.

[0069] This general use of the materials according to the
invention and also the various particular uses of the afore-
mentioned specific materials constitute another subject of
the present ivention.

[0070] Various features and advantages of the invention
will become even more clearly apparent 1n the light of the
illustrative examples given below.

EXAMPLE 1

Manufacture of an Insulating Silica Panel

[0071] Introduced into a 25 liter stainless steel reactor
were 6.7 1 of an aqueous sodium silicate solution having an
S10,/Na,O mass ratio (R ) of 3.48 and an S10, concentra-
tion of 5 g/l. The solution was then stirred and heated to 80°
C. While keeping the temperature at 80° C., an aqueous
sulfuric acid solution with a concentration of 80 g/l was
added until the pH of the mixture reached a value of 4.
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[0072] While still keeping the mixture at 80° C., the
following were introduced simultaneously into the reactor:

[0073] an aqueous sodium silicate solution (S1) having
a concentration of 230 g/l and an R, of 3.48, with a
flow rate of 50 g/minute; and

[0074] an aqueous sulfuric acid solution (S2) of 80 g/l
concentration, with a regulated flow rate so as to keep
the pH reaction mixture at a value of 4 over the entire
duration of simultaneous addition of the sodium silicate
and the sulfuric acid.

[0075] The simultaneous addition of the solutions (S1)
and (S2) under the atorementioned conditions was carried
out over 80 minutes.

[0076] After 80 minutes of simultaneous addition, the
introduction of the solution S2 was stopped and the intro-
duction of the solution (S1) was continued until the pH of
the mixture reached a value of 8.

[0077] Once the pH reached 8, a further combined addi-
tion of the solutions (51) and (S2) was carried out over 20
minutes, again with a tlow rate of the solution S1 of 50
g/minute and a flow rate of the solution (S2) regulated so as
to keep the pH of the reaction mixture constantly at a value

of 8 throughout the duration of this second simultaneous
addition.

[0078] After this second simultaneous addition for 20
minutes, the addition of the solution (S1) was stopped and
the reaction mixture brought to a pH of 4 by the addition of
sulfuric acid solution (S2). During all these steps, the
mixture was kept at a temperature of 80° C.

[0079] After these various reactions, a reaction slurry was
obtained, from which 250 ml samples were taken.

[0080] Added to these 250 ml reaction slurry samples,
with stirning, were 2 ml of an FA10 solution (polyoxyeth-
ylene with a molecular weight of 5x10° mol/g) with a
concentration of 1% by weight. The mixture obtained was
introduced into a filter press with an mside diameter of 7 cm.
A pressure of 1 bar was applied so as to carry out a first
operation to remove the water contained in the reaction
slurry. A cake was thus obtained which was then washed
twice with 150 ml of demineralized water with a pressure
exerted during the washing of 1 bar. After these washing
steps (carried out 1n the filter press), the pressure of the filter
press was increased to 5 bar and this pressure was main-
tained for 2 minutes. A silica cake characterized by a solids
content of 22% by weight was thus obtained. This concen-
trated cake was demolded from the filter press and left to dry.
The cake thus formed was left to dry at room temperature

and demolded.

[0081] After 15 days, a dried cake having a solids content
of 95% was obtained, this cake constituting a silica panel
having the following characteristics:

[0082] density: 0.27;

[0083] total pore volume: 3.63 cm’/g with the following
pore distribution:

[0084] pores with a size of greater than 100 nm: 31%

[0085] pores with a size of between 100 and 1000
nm: 29%

[0086] pores with a size of less than 100 nm: 40%.
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EXAMPLE 2

Preparation of an Insulating Silica Panel

[0087] A silica cake was produced according to the
method described in example 1 of EP 520 862. The cake, as
obtained after the filtration step 1n a filter press, which had
a solids content of 21%, was diluted with water so as to
obtain a silica suspension or slurry having a solids content
of 13.5% by weight, and the pH of this silica suspension was
increased to 5 by the addition of sulfuric acid (80 g/l aqueous
solution).

[0088] A dispersion of 1 g of polyamide fibers, with a
mean length of 4 mm and a mean diameter of 200 microns,
was added, with stirring, to 100 g of the silica suspension
prepared beforehand (with a solids content of 13.5% by
weight and a pH of 5).

[0089] The mixture obtained was then filtered in the filter
press used in Example 1 above (filter press with an inside
diameter of 7 cm). A compacting pressure of 5 bar was
applied, after which a compacted cake having a solids
content of 27% by weight was obtained. The formed cake
thus obtained was demolded and left to dry at room tem-
perature as 1n the previous example. After 10 days, a dried
cake with a solids content of 95% was obtained. Thus, a
silica panel having a good mechanical strength and a density
of 0.4 was obtained.

[0090] The silica panel obtained had a total pore volume
of 3.3 ml/g, with a pore volume of pores smaller in size than
100 nm of 1.2 ml/g.

EXAMPLE 3

Thermal Conductivity Measurements

[0091] Thermal conductivity measurements were carried
out using a TC-meter on the two silica panels of Examples
1 and 2. The principle used was that called the “thermal

shock probe™, which 1s similar to the method used according
to the ISO 8814-1 standard.

[0092] More precisely, the thermal conductivity coeffi-
cient of the silica panels of Examples 1 and 2 was measured
at various pressures 1n the following manner: a thermal
probe was placed within the material to be characterized.

[0093] After having thermally stabilized the mixture to
room temperature (20° C.), the thermal equilibrium of the
material was disturbed by generating a heat flux by means of
the heating element of the probe.

[0094] Using a temperature sensor integrated into the
probe 1mtroduced into the material, the temperature behavior
of the material was recorded. A temperature behavior cor-
responding to an equation of the type T(1)=Q/ (4wl )x(In(t)+
A) was observed, 1n which:

[0095] T denotes the temperature in ° C. recorded by the
temperature sensor;

0096] t represents the time in seconds;
0097] Q represents the heat flux in W/m;
0098] A denotes the thermal conductivity of the mate-

rial 1In W/m/K; and

[0099] A represents a constant.
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[0100] By linear regression, the thermal conductivity of
the material was determined at various pressures.

[0101] The measurements were carried out on each of the
materials at increasing pressure, with 5 different pressures
ranging from 0.03 mbar (3 Pa) up to atmospheric pressure.

[0102] The results obtained are given in Tables 1 and 2

below.
TABLE 1
Measurement of the thermal conductivity
of the material of Example 1
Pressure (Pa) Thermal conductivity (mW/m/K)
3 14.6
100 16.0
1010 1.1
20600 32.3
99600 38.8
[0103]
TABLE 2

Measurement of the thermal conductivity
of the material of Example 2

Pressure (Pa) Thermal conductivity (mW/m/K)

3 12.7

100 22.3
1000 31.5
23200 394
99500 454

1-27. (canceled)
28. A method of preparing a thermal and/or acoustic

insulation material based on dried precipitated silica, com-
prising the steps:

(A) filtering an aqueous dispersion D containing precipi-
tated silica particles 1n a filter press, whereby a com-
pacted filter cake 1s obtained; and then

(B) drying the filter cake in the compacted state as
obtained after step (A).

29. The method as defined by claim 28, wherein the
filtering 1n the filter press of step (A) includes a compacting
operation at a pressure ranging from 2 to 10 bar.

30. The method as defined by claim 28, wherein step (A)

COmprises:
(Al) a filtration operation at moderate pressure; and then

(A2) a compacting operation carried out on the filter cake

obtained at a pressure ranging from 2 to 10 bar.

31. The method as defined by claim 28, wherein the
compacted filter cake obtained after step (A) has a solids
content of from 10 to 35% by weight.

32. The method as defined by claim 28, wherein the
aqueous dispersion D in step (A) contains a precipitated
s1lica which, once dried, has a BET specific surface area of
from 80 to 400 m*/g and a CTAB specific surface area of
from 80 to 350 m”/g.

33. The method as defined by claim 28, wherein the
aqueous dispersion D 1n step (A) further comprises a rein-
forcing filler.
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34. The method as defined by claim 33, said reinforcing
filler comprising reinforcing fibers selected from the group
consisting ol aluminum silicate fibers, alumina fibers, min-
eral wool fibers, glass fibers, quartz fibers, ceramic fibers,
polymer fibers and cellulose fibers.

35. The method as defined by claim 33, wherein the
(silica/reinforcing filler) mass ratio within the aqueous dis-
persion D ranges from 75/25 to 99/1 by weight.

36. The method as defined by claim 28, wherein the
aqueous dispersion D 1in step (A) further comprises an
opaciiying agent capable of reflecting, absorbing and/or
dispersing at least part of the infrared radiation.

37. The method as defined by claim 36, wherein the
opacitying agent 1s selected from the group consisting of
chromium oxide, zircommum oxide, iron oxide, titanium
dioxide, manganese dioxide, 1lmenite, quartz powder, sili-
con carbide, boron carbide, tantalum carbide, carbon black
and graphite.

38. The method as defined by claim 36, wherein the
(silica/opacitying agent) mass ratio ranges from 350/50 to
99/1 within the aqueous dispersion D.

39. The method as defined by claim 28, wherein step (B)
1s carried out by allowing the compacted filter cake obtained
after step (A) to dry at a temperature of from 10 to 30° C.

40. The method as defined by claim 28, wherein step (B)
1s carried out by subjecting the compacted filter cake as
obtained after step (A) to a progressive temperature increase
from room temperature up to a temperature of at least 100°
C., at a rate of temperature increase of less than 2° C. per
minute, optionally with the temperature being held at one,
two or more intermediate temperature levels.

41. A porous thermal and/or acoustic mnsulation material
based on dried precipitated silica prepared by the method of
claim 28.

42. The 1nsulation material as defined by claim 41, shaped
as a panel of rectangular or square shape.

43. The insulation material as defined by claim 41, in
which the pore volume of the pores smaller in size than
1,000 nm constitutes at least 40% of the total pore volume
ol the matenal.
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44. The msulation material as defined by claim 43, 1n
which the pore volume of the pores smaller 1n size than 100
nm constitutes at least 50% of the pore volume of the pores
smaller 1n size than 1000 nm.

45. The 1nsulation material as defined by claim 41, having,
a total pore volume of from 1 to 5 cm?/g.

46. The 1nsulation material as defined by claim 41, having
a pore volume of pores smaller 1n size than 100 nm of at least
1 cm’/g.

4'7. A thermal and/or acoustic insulation material based on
dried precipitated silica, which further comprises a reinforc-
ing filler, prepared by the method as defined by claim 33.

48. The 1insulation material as defined by claim 47,
comprising;

from 75 to 99% by weight of dry silica; and

from 1 to 25% by weight of reinforcing filler.
49. A thermal and/or acoustic insulation material based on
dried precipitated silica, which further comprises an opaci-

tying agent, prepared by the method as defined by claim 36.
50. The insulation material as defined by claim 49,
comprising;

from 350 to 90% by weight of dry silica;
from 9 to 50% by weight of opacitying agent; and

from O to 15% by weight of remnforcing filler.

51. A thermal or acoustic 1nsulation panel comprising the
insulation material as defined by claim 41.

52. A thermal and acoustic 1nsulation material for walls or
ceilings of buildings or dwellings, or for a fire-retardant
matenal, comprising the insulation material as defined by
claim 41.

53. A high temperature msulation material for isulating
an enclosure heated to high temperature, or as constituent
material of a fire-retardant barrier, comprising the insulation
material as defined by claim 41.

54. A porous thermal and/or acoustic insulation material
comprising dried precipitated silica and having a total pore
volume of from 1 to 15 cm’/g.
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