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(7) ABSTRACT

The invention relates to a novel process for the preparation
of precipitated silica which can be used as a reinforcing filler
for elastomers. The invention also relates to novel precipi-
tated silicas in the form of powder, granules or, preferably,
substantially spherical beads, these silicas being character-
ized in that they have a BET specific surface of between 185
and 250 m*/g,a CTAB specific surface of between 180 and
240 m*/g,and a pore distribution such that the pore volume
V2 made up of the pores with a diameter of between 175 and
275 A represents less than 50% of the pore volume V1 made
up of the pores with diameters of less than or equal to 400
A, a pore volume (V41), made up of the pores with a
diameter of less than 1 um, of greater than 1.65 cm’/g, a
fineness value (F.V.) of between 70 and 100 A, and a content
of fines (t,), after deagglomerability with ultrasound, of at
least 50%.
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PRECIPITATED SILICA USED AS REINFORCING
FILLER FOR ELASTOMERS

[0001] The present invention relates to a novel process for
the preparation of precipitated silica, in particular precipi-
tated silicas in the form of powder, substantially spherical
beads or granules, and to their application in reinforcing
elastomers.

[0002] Tt is known that precipitated silica has long been
used as a white reinforcing filler in elastomers.

[0003] However, as with any reinforcing filler, it is con-
venient for it to be manipulable, on the one hand, and
especially for it to be readily incorporated in mixtures, on
the other hand.

[0004] Tt is known, in general, that in order to obtain the
optimum reinforcing properties imparted by a filler, this
filler should be present in the elastomer matrix in a final
form which is both as finely divided as possible and dis-
tributed as homogeneously as possible. However, such con-
ditions can only be achieved provided that, on the one hand,
the filler has a very good capacity to be incorporated in the
matrix during mixing with the elastomer (incorporability of
the filler) and to become disintegrated or deagglomerated in
the form of a very fine powder (disintegration of the filler)
and provided that, on the other hand, the powder obtained
from the above mentioned disintegration process can itself,
in turn, be dispersed fully and homogeneously in the elas-
tomer (dispersibility of the powder).

[0005] Furthermore, for reasons of mutual affinity, silica
particles have an annoying tendency, in the elastomer
matrix, to agglomerate together. These silica/silica interac-
tions have the harmful consequence of limiting the reinforc-
ing properties to a level substantially lower than that which
could theoretically be achieved if all the silica/elastomer
interactions liable to be created during the mixing operation
were effectively obtained (this theoretical number of silica/
elastomer interactions being, as is well known, directly
proportional to the external surface area of the silica used).

[0006] In addition, such silica/silica interactions tend, in
the raw state, to increase the stiffness and the consistency of
the mixtures, thus making them more difficult to use.

[0007] These drawbacks are encountered in particular in
the case of silicas with a relatively high specific surface area,
which, furthermore, generally do not have very good rein-
forcing properties.

[0008] The problem arises of providing fillers which,
while having a relatively high specific surface area, show a
satisfactory dispersibility in elastomers and good reinforcing
properties.

[0009] The aim of the present invention is to avoid the
abovementioned drawbacks and to solve the problem men-
tioned above.

[0010] With this aim, the invention proposes a novel
process for the preparation of precipitated silica, of the type
comprising the reaction of a silicate with an acidifying
agent, whereby a suspension of precipitated silica is
obtained, followed by separation and drying of this suspen-
sion, characterized in that:

[0011]
way:

the precipitation is carried out in the following

[0012] (i) an initial stock solution is formed con-
taining at least some of the total amount of the
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silicate used in the reaction and at least one
electrolyte, the concentration of silicate
(expressed as Si0,) in the said initial stock solu-
tion being between 50 and 60 g/l,

[0013] (ii) the acidifying agent is added to the said
stock solution until a pH value of between 7 and
8.5 for the reaction medium is obtained,

[0014] (iii) the acidifying agent is added to the
reaction medium along with, where appropriate,
simultaneously, the remaining amount of the sili-
cate,

[0015] the separation comprises a filtration and wash-
ing operation using a filter equipped with a means of
compacting,

[0016] a suspension having a solids content of less
than 17% by weight is dried by spraying.

[0017] Tt has thus been found that a certain, relatively low,
concentration of silicate, expressed as SiO, in the initial
stock solution, combined with the use of a filter equipped
with a means of compacting, preferably at a low compacting
pressure, and with a suitable solids content of the suspension
to be dried constitute important conditions for giving the
products obtained their good properties.

[0018] It should be noted, in general, that the process
concerned is a process for the synthesis of precipitation
silica, i.e. an acidifying agent is reacted, under specific
conditions, with a silicate.

[0019] The choice of acidifying agent and of silicate is
made in a manner which is well known per se.

[0020] 1t may be recalled that a strong inorganic acid, such
as sulphuric acid, nitric acid or hydrochloric acid, or an
organic acid, such as acetic acid, formic acid or carbonic
acid, is generally used as acidifying agent.

[0021] The acidifying agent can be dilute or concentrated;
its normality can be between 0.4 and 8 N, for example
between 0.6 and 1.5 N.

[0022] In particular, when the acidifying agent is sulphuric
acid, its concentration can be between 40 and 180 g/l, for
example between 60 and 130 g/l.

[0023] 1t is moreover possible to use, as silicate, any
common form of silicate, such as metasilicates, disilicates
and advantageously an alkali metal silicate, in particular
sodium or potassium silicate.

[0024] The silicate can have a concentration, expressed as
silica, of between 40 and 330 g/l, for example between 60
and 300 g/l, in particular between 60 and 250 g/l.

[0025] In general, sulphuric acid is used as acidifying
agent and sodium silicate is used as silicate.

[0026] When sodium silicate is used, it generally has an
Si0,/Na,O weight ratio of between 2 and 4, for example
between 3.0 and 3.7.

[0027] As more particularly regards the preparation pro-
cess of the invention, the precipitation is carried out in a
specific manner according to the following steps.
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[0028] A stock solution which comprises silicate and an
electrolyte is first formed (step (i)). The amount of silicate
present in the initial stock solution advantageously repre-
sents only some of the total amount of silicate used in the
reaction.

[0029] According to an essential characteristic of the
preparation process of the invention, the concentration of
silicate in the initial stock solution is between 50 and 60 g
of Si0, per litre. Preferably, this concentration is between 55
and 60 g/l.

[0030] The initial stock solution comprises an electrolyte.
The term electrolyte is understood here in its normal
accepted meaning, i.e. it means any ionic or molecular
substance which, when in solution, decomposes or dissoci-
ates to form ions or charged particles. As electrolyte, men-
tion may be made of a salt from the group of salts of alkali
metals and alkaline-earth metals, in particular the salt of the
metal of the starting silicate and of the acidifying agent, for
example sodium chloride in the case of the reaction of a
sodium silicate with hydrochloric acid, or, preferably,
sodium sulphate in case of the reaction of a sodium silicate
with sulphuric acid.

[0031] If the electrolyte used is sodium sulphate, its con-
centration in the initial stock solution is preferably between
12 and 20 g/l, in particular between 15 and 20 g/l.

[0032] The second step consists in adding the acidifying
agent to the stock solution of composition described above

(step (ii)).

[0033] This addition, which entails a corresponding
decrease in the pH of the reaction medium, is carried out
until a pH of between 7 and 8.5 is reached; in particular
between 7 and 8, for example between 7.5 and 8.

[0034] Once the desired pH has been reached, the third
step (step (iii)) is then carried out.

[0035] In the (preferred) case of an initial stock solution
comprising only some of the total amount of silicate used in
the reaction, a simultaneous addition of acidifying agent and
of the remaining amount of silicate is carried out in step (iii).

[0036] This simultaneous addition is preferably carried
out such that the pH is constantly equal (to within +0.2) to
the value reached after step (ii).

[0037] In general, in a subsequent step, an additional
amount of acidifying agent is added to the reaction medium,
preferably until a pH of between 4 and 6, in particular
between 4.5 and 5.5, is obtained in the reaction medium.

[0038] In this case, it may be advantageous, after this
addition of an additional amount of acidifying agent, to carry
out a maturation of the reaction medium, it being possible
for this maturation to last, for example, from 1 to 30 minutes,
in particular from 2 to 15 minutes.

[0039] In the case of an initial stock solution comprising
the total amount of the silicate used in the reaction, an
addition of acidifying agent is carried out in step (iii),
preferably until a pH of between 4 and 6, in particular
between 4.5 and 5.5, is obtained in the reaction medium.

[0040] In this case, it may again be advantageous, after
step (iii), to carry out a maturation of the reaction medium,
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it being possible for this maturation to last, for example from
1 to 30 minutes, in particular from 2 to 15 minutes.

[0041] The temperature of the reaction medium is gener-
ally between 68 and 98° C.

[0042] According to a variant of the invention, the reac-
tion is carried out at a constant temperature, preferably
between 75 and 95° C.

[0043] According to another (preferred) variant of the
invention, the temperature at the end of the reaction is higher
than the temperature at the start of the reaction: thus, the
temperature at the start of the reaction is preferably main-
tained at between 68 and 80° C., and is then increased,
preferably to a value of between 80 and 98° C., and is
maintained at this value until the end of the reaction.

[0044] After the steps which have just been described, a
silica broth is obtained, which is then separated (liquid/solid
separation).

[0045] According to another essential characteristic of the
preparation process of the invention, the said separation
comprises a filtration and washing operation using a filter
equipped with a means of compacting, the compacting
pressure preferably being low.

[0046] This filter can be a belt filter equipped with a roller
which ensures compacting.

[0047] However, preferably, the separation comprises a
filtration, a washing and then a compacting operation, using
a filter press; in general, the pressure at the end of the
filtration is between 3.5 and 6.0 bar, for example between
3.8 and 4.5 bar; in a very advantageous manner, the said
compacting is carried out by introduction of air at a pressure
of less than 4.5 bar, in particular between 3.8 and 4.3 bar, for
20 to 40 seconds, for example for about 30 seconds.

[0048] The suspension of precipitated silica thus recov-
ered (filter cake) is then spray-dried.

[0049] According to one characteristic of the preparation
process of the invention, this suspension should have, imme-
diately before it is spray-dried, a solids content of less than
17% by weight. This solids content is preferably between
14.5 and 16.5% by weight.

[0050] 1t should be noted that, after the filtration, dry
material, for example, silica in accordance with the inven-
tion in pulverulent form, can also be added to the filter cake,
in a subsequent step of the process.

[0051] The drying can be carried out using any suitable
type of atomizer, in particular a turbine, nozzle, liquid-
pressure or twin-fluid atomizer.

[0052] 1t should be noted that the filter cake is not always
under conditions which allow spraying, in particular on
account of its high viscosity. In a manner which is known per
se, the cake is subjected, in this case, to a crumbling
operation. This operation can be carried out by passing the
cake through a colloidal-or ball-type mill. The crumbling is
generally carried out in the presence of an aluminium
compound, in particular sodium aluminate, and preferably in
the presence of an acidifying agent as described above (in
the latter case, the aluminium compound and the acidifying
agent are advantageously added simultaneously). The crum-
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bling operation makes it possible in particular to lower the
viscosity of the suspension to be subsequently dried.

[0053] According to a preferred embodiment of the inven-
tion, the drying is carried out using a nozzle atomizer. The
precipitated silica which can be obtained in this case is
advantageously in the form of substantially spherical beads,
preferably with an average size of at least 80 um, for
example at least 100 ym.

[0054] After the drying operation, a step of grinding can
be carried out on the recovered product. The precipitated
silica which can then be obtained is generally in the form of
a powder, preferably with an average size of at least 15 um,
in particular between 15 and 60 um, for example between 20
and 45 um.

[0055] The ground products with the desired particle size
can be separated from any non-conforming products by
means, for example, of vibrating screens with appropriate
mesh sizes, and the non-conforming products thus recovered
can then be sent for grinding.

[0056] Similarly, according to another embodiment of the
invention, the drying operation is carried out using a turbine
atomizer. The precipitated silica which can be obtained in
this case can be in the form of a powder, preferably with an
average size of at least 15 um, in particular between 30 and
150 um, for example between 45 and 120 um.

[0057] Lastly, the dried product (dried in particular by a
turbine atomizer) or ground product as indicated above can,
according to another embodiment of the invention, be sub-
jected to an agglomeration step.

[0058] The term agglomeration is understood here to refer
to any process which makes it possible to bind together
finely divided objects in order to bring them into the form of
objects of larger size with greater mechanical strength.

[0059] These processes are, in particular, direct compres-
sion, wet granulation (i.c. with the use of a binder such as
water, silica slurry, etc.), extrusion and, preferably, dry
compacting.

[0060] When the latter technique is used, it may prove to
be advantageous, before carrying out the compacting, to
de-aerate (this operation also known as predensification or
degassing) the pulverulent products so as to remove the air
included therein and ensure more uniform compacting.

[0061] The precipitated silica which can be obtained
according to this embodiment of the invention is advanta-
geously in the form of granules, preferably with a size of at
least 1 mm, in particular between 1 mm and 10 mm.

[0062] After the agglomeration step, the products can be
calibrated to a desired size, for example by screening, and
then packaged for their future use.

[0063] The precipitated silica powders, and the beads,
obtained by the process according to the invention thus offer
the advantage, inter alia, of allowing simple, effective and
economical access to granules as mentioned above, in par-
ticular by standard shaping operations such as, for example,
granulation or compacting, without these operations entail-
ing any degradations liable to mask, or even destroy, the
good intrinsic properties associated with these powders or
these beads, as may be the case in the prior art using standard
powders.
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[0064] Other subjects of the invention consist of novel
precipitated silicas which, while having a high specific
surface area, nevertheless show satisfactory dispersibility
and good reinforcing properties, and in particular which,
when used as reinforcing fillers for elastomers, give these
elastomers good rheological and mechanical properties.

[0065] In the account which follows, the BET specific
surface is determined according to the Brunauer-Emmet-
Teller method described in “The Journal of the American
Chemical Society”, Vol. 60, page 309, February 1938 and
corresponding to standard NF T 45007 (November 1987).

[0066] The CTAB specific surface is the external surface
area determined according to standard NF T 45007 (Novem-
ber 1987) (5.12).

[0067] The DOP oil absorption value is determined
according to standard NF T 30-022 (March 1953) using
dioctyl phthalate.

[0068] The packed filling density (PFD) is measured
according to standard NF T 30-042.

[0069] The pH is measured according to ISO standard
787/9 (pH of a 5% suspension in water).

[0070] The pore volumes given are measured by mercury
porosimetry; each sample is prepared as follows: each
sample is predried for 2 hours in an oven at 200° C. then
placed in a test container within 5 minutes of removal from
the oven and is degassed under vacuum, for example using
a rotary vane pump; the pore diameters are calculated by
means of the Washburn relationship, with a contact angle
theta equal to 140° and a surface tension gamma equal to
484 dynes/cm (Micromeritics 9300 porosimeter).

[0071] The fineness value (FV) represents the median
radius of the intra-aggregate pores, i.e. the radius of pores to
which the pore surface S,/2 corresponds, measured by
mercury porosimetry (S, is the surface area provided by all
the pores of diameter greater than or equal to 100 A)

[0072] The dispersibility of the silicas according to the
invention is quantified by means of measuring the fines
content (Ty), i.c. the proportion (by weight) of particles less
than 0.3 um 1in size, after deagglomerability with ultrasound,
carried out according to the dispersibility test described
below.

[0073] Inthis test, the silica’s dispersibility is measured by
means of a particle size measurement, (by sedimentation),
carried out on a silica suspension which has been deagglom-
erated beforehand by ultra-sonication. The ultrasound
deagglomerability (or dispersibility) is carried out using a
Vibracell Bioblock sonicator (600 W) equipped with a probe
19 mm in diameter. The particle size measurement is taken
using a Sedigraph granulometer (sedimentation in the field
of gravity+scanning with a beam of X-rays).

[0074] 4 grams of silica are weighed into a sample tube (of
volume equal to 75 ml) and are made up to 50 grams by
addition of deionized water: an aqueous suspension contain-
ing 8% silica is thus produced, which is homogenized for 2
minutes by magnetic stirring. The deagglomerability (dis-
persibility) with ultrasound is then performed as follows:
with the probe immersed over a depth of 4 cm, the output
power is adjusted so as to obtain a power needle deflection
indicating 20%. The deagglomerability is carried out for 210
seconds.
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[0075] The particle size measurement is then carried out
using a Sedigraph granulometer. For this, speed of vertical
scanning of the cell by the beam of X-rays is first adjusted
to 918, which corresponds to a maximum size analysed of 85
um. Deionized water is circulated in the said cell, then the
electrical zero and the mechanical zero of the paper recorder
are adjusted (this adjustment being performed with the
“100%” potentiometer of the recorder at the maximum
sensitivity). The paper recorder pen is placed at the point
representing the initial size of 85 um. The deagglomerated
silica suspension, which has optionally been cooled before-
hand, is then circulated in the cell of the Sedigraph granu-
lometer (the particle size analysis being carried out at 30°
C.) and the analysis then begins. The analysis stops auto-
matically once a size of 0.3 um is reached (about 45
minutes). The content of fines (ty), i.e. the proportion (by
weight) of particles smaller than 0.3 um in size, is then
calculated.

[0076] This content of fines (ty), or content of particles
smaller than 0.3 um in size, is proportionately larger the
higher the dispersibility of the silica.

[0077] In certain cases, the dispersibility (and deagglom-
erability) of the silicas according to the invention can also be
quantified by means of a specific deagglomerability test.

[0078] The deagglomerability test is carried out according
to the following procedure:

[0079] the cohesion of the agglomerates is assessed by a
particle size measurement (by laser scattering), carried out
on a suspension of silica deagglomerated beforehand by
means of ultra-sonication; the deagglomerability of the silica
(rupture of the objects from 0.1 to a few tens of microns) is
thus measured. The deagglomerability with ultrasound is
carried out using a Vibracell Bioblock sonicator (600 W)
equipped with a probe 19 mm in diameter. The particle size
measurement is carried out by means of laser scattering on
a Sympatec granulometer.

[0080] 2 grams of silica are weighed into a sample tube
(height: 6 cm and diameter: 4 cm) and are made up to 50
grams by addition of deionized water: an aqueous suspen-
sion containing 4% silica is thus produced, which is homog-
enized for 2 minutes by magnetic stirring. The deagglom-
erability with ultrasound is then performed as follows: with
the probe immersed over a depth of 4 cm, the output power
is adjusted so as to obtain a power dial needle deflection
indicating 20%. The deagglomerability is carried out for 420
seconds. The particle size measurement is then carried out
after a known volume (expressed in ml) of the homogenized
suspension has been introduced into the cell of the granu-
lometer.

[0081] The value of the median diameter ¢, which is
obtained is proportionately smaller the larger the silica’s
deagglomerability. The ratio (10xvolume of suspension
introduced (in ml))/optical density of the suspension
detected by the granulometer is also determined (this optical
density is about 20). This ratio indicates the content of
particles smaller than 0.1 um in size which are not detected
by the granulometer. This ratio, known as the ultrasound
deagglomerability factor (Fp,), is proportionately higher the
larger the silica’s deagglomerability.

[0082] A novel precipitated silica is now proposed,
according to the invention, this silica being characterized in
that it has:
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[0083] a BET specific surface of between 185 and
240 m¥/g,

[0084] a CTAB specific surface of between 180 and
240 m¥/g,

[0085] a pore distribution such that the pore volume
V2 made up of the pores with a diameter of between
175 and 275 A represents less than 50% of the pore
volume V1 made up of the pores with diameters of
less than or equal to 400 A,

[0086] a pore volume (Vy;), made up of the pores
with a diameter of less than 1 um, of greater than
1.65 cm’/g,

[0087]
[0088] a content of fines (Tg), after deagglomerability

with ultrasound, of at least 50%, preferably of at
least 55%.

a fineness value (F.V.) of between 70 and 100

[0089] The silica according to the invention has a rela-
tively large specific surface. Its BET specific surface is
between 185 and 250 m*/g, preferably between 195 and 225
m?/g, in particular between 200 and 220 m®/g; its CTAB
specific surface is between 180 and 240 m?/g, preferably
between 185 and 220 m?/g, in particular between 190 and
205 m?/g.

[0090] 1t generally has a BET specific surface/CTAB
specific surface ratio ranging between 1.0 and 1.2, i.e. a low
microporosity.

[0091] One of the characteristics of the precipitated silica
according to the invention lies in the pore volume distribu-
tion, and in particular in the distribution of the pore volume
which is generated by the pores with diameters of less than
or equal to 400 A. The latter volume corresponds to the
working pore volume of the fillers used in the reinforcement
of elastomers. Analysis of the porograms shows that, in this
case, the silica according to the invention has a pore distri-
bution such that the pore volume made up of the pores with
a diameter of between 175 and 275 A represents less than
50%, in particular not more than 45%, especially between 25
and 45%, of the pore volume made up of the pores with
diameters of less than or equal to 400 A.

[0092] The silica according to the invention has a pore
volume (Vg,), made up of the pores with a diameter of less
than 1 um, of greater than 165 cm>/g; this pore volume is
preferably at least 1.70 cm>/g, in particular between 1.70 and
1.80 cm?/g,

[0093] Preferably, its pore volume (V3), made up of the
pores with a diameter of between 100 and 300 A, is at least
0.82 cm®/g, in particular at least 0.85 cm?/g; it is usually at
least 0.86 cm’/g,

[0094] 1t generally has a total pore volume (TPV) of
greater than 3.0 cm?/g, for example between 3.1 and 3.4
cm?/g.

[0095] Its fineness value (F.V)) is between 70 and 100 A,
preferably between 80 and 100 A, for example between 82
and 98 A.

[0096] The silica according to the invention thus has
specific porosity characteristics.
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[0097] Furthermore, and this is one of the essential char-
acteristics, it has a very satisfactory dispersibility. Thus, it
has a fines content (T;), or content of particles less than 0.3
um in size, after deagglomerability with ultrasound, of at
least 50%, preferably of at least 55%; this content can be, for
example, at least 60%.

[0098] In general, its ultrasound deagglomerability factor
(FD) is greater than 5.5 ml, in particular greater than 9 ml or
even 13 ml.

[0099] The silica according to the invention can have a
median diameter (¢5,), after deagglomerability with ultra-
sound, of less than 8.5 ym, in particular between 5 and 7 yum.

[0100] The pH of the silica according to the invention is
usually between 6.0 and 7.5, in particular between 6.3 and
6.9.

[0101] Its packed filling density (PFD) is generally greater
than 0.26, in particular greater than 0.28; it is, for example,
at least equal to 0.30.

[0102] The silica according to the invention has an oil
absorption value DOP usually ranging between 230 and 330
ml/100 g, preferably between 240 and 300 m1/100 g.

[0103] 1t can be in the form of powder, granules or,
advantageously, in the form of substantially spherical beads.

[0104] The silica powders according to the invention
preferably have an average size of at least 15 um; this size
is, for example, between 15 and 60 um (in particular
between 20 and 45 um) or between 30 and 150 um (in
particular between 45 and 120 ym).

[0105] They make it possible to obtain a good compromise
between implementation/mechanical properties in the vul-
canized state. They also constitute preferred precursors for
the synthesis of granules as mentioned later.

[0106] The substantially spherical beads according to the
invention preferably have an average size of at least 80 um.

[0107] According to certain variants of the invention, this
average bead size is at least 100 um, for example at least 150
um; it is generally not more than 300 ym and is preferably
between 100 and 270 um. This average size is determined
according to standard NF X 11507 (December 1970) by
dry-packing and determination of the diameter correspond-
ing to a cumulative screening residue of 50%.

[0108] Such a silica in the form of substantially spherical,
advantageously solid, homogeneous beads, which produce
very little dust and are of good flowability, has a very
satisfactory dispersibility and good reinforcing properties.
Such a silica also constitutes a preferred precursor for the
synthesis of powders and granules according to the inven-
tion.

[0109] Such a silica in the form of substantially spherical
beads constitutes a very advantageous variant of the inven-
tion.

[0110] The dimensions of the granules according to the
invention are preferably at least 1 mm, in particular between
1 and 10 mm, along the axis of their largest dimension
(length).

[0111] The said granules can be in very diverse forms. For
example, mention may be made in particular of cylindrical,
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parallelepipedal, pastille and platelet forms or of extrudate
forms with circular or multilobed cross-section.

[0112] The silicas according to the invention, in particular
in powder, substantially spherical bead or granule form, are
preferably prepared according to the preparation process in
accordance with the invention and described above.

[0113] The silicas according to the invention or prepared
by the process according to the invention find a particularly
advantageous application in the reinforcement of natural or
synthetic elastomers. While having a fairly high specific
surface, they have a satisfactory dispersibility and good
reinforcing properties, in particular when compared with
silicas of the prior art with an identical or similar surface
area. Furthermore, they generally have reinforcing proper-
ties that are comparable to or even better than those of highly
dispersible silicas, this being the case for smaller amounts of
silicas according to the invention used in elastomers.

[0114] The examples which follow illustrate the invention
without, however, limiting its scope.

EXAMPLE 1 (COMPARATIVE)
[0115] The following ingredients:

[0116] 333 litres of aqueous sodium silicate (65° C.)
having an Si0,/Na,O weight ratio equal to 3.45 and
a density at 20° C. equal to 1.230

[0117] 667 litres of aqueous solution (20° C.) con-
taining 11.2 kg of Na,SO, are introduced into a
stainless-steel reactor fitted with an impeller stirring
system and heating via a jacket.

[0118] The concentration of silicate, expressed as SiO,, in
the initial stock solution is thus 78 g/l. The mixture is then
brought to a temperature of 70° C. while stirring is contin-
ued. Dilute sulphuric acid with a density at 20° C. equal to
1.050 is then introduced therein, at a flow rate of 9.2 1/min,
until a pH (measured at its temperature) equal to 8.0 is
obtained in the medium. The reaction temperature is 70° C.
during the first 25 minutes; it is then brought from 70 to 94°
C. over about 10 minutes and then maintained at 94° C. until
the end of the reaction.

[0119] Aqueous sodium silicate of the type described
above is then introduced (i.e. when the pH of the reaction
medium has reached a value of 8.0), at a flow rate of 2.5
I/min, and sulphuric acid, also of the type described above,
is introduced simultaneously, at a flow rate adjusted such
that the pH of the reaction medium during the period of
introduction is constantly equal to 8.0+£0.1. After 40 minutes
of simultaneous addition, the introduction of the sodium
silicate is stopped and introduction of the dilute acid is
continued for about 10 minutes, so as to bring the pH of the
reaction medium to a value equal to 5.2. After this intro-
duction of acid, the reaction broth obtained is kept stirring
for 5 minutes.

[0120] The total reaction time is 100 minutes.

[0121] A precipitated silica broth or suspension is thus
obtained, which is then filtered and washed using a filter
press with vertical plates, the said plates being equipped
with a deformable membrane allowing the filter cake to be
compressed by introduction of air under pressure; the pre-
cipitated silica broth is first filtered, the pressure at the end
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of filtration being 5.6 bar; the cake formed is then washed
with water, after which it is compacted by introduction of air
at a pressure of 6.4 bar for 2 minutes.

[0122] The cake obtained is then fluidized by mechanical
and chemical action (simultaneous addition of sulphuric acid
and of an amount of sodium aluminate corresponding to an
Al/Si0, weight ratio of 0.28%). After this crumbling opera-
tion, the resulting broth, with a pH equal to 6.2 and a loss on
ignition equal to 82.0% (thus a solids content of 18.0% by
weight), is atomized using a nozzle atomizer.

[0123] The characteristics of the silica Al obtained in the
form of substantially spherical beads are thus as follows:

BET specific surface 240 m?/g
CTAB specific surface 200 m%/g
pore volume V1 represented by the 1.03 em?®/g
pores of d = 400 A

pore volume V2 represented by the 0.31 cm’/g
pores of 175 Asd=2754

ratio V2/V1 30%

pore volume (V4;) made up of the 1.64 cm’/g
pores of d < 1 ym

fineness value (F.V.) 76 A
pore volume V3 represented by the 0.85 cm’/g
pores of 100 As=d=304A

total pore volume (TPV) 3.16 cm’/g
PFD 0.33

oil absorption value DOP 256 ml/100 g
pH 6.6

average particle size 220 pum

[0124] The silica Al is subjected to the dispersibility test as
defined previously in the description: it has a fines content
(tp), i.e. a proportion of particles less than 0.3 um in size,
after deagglomerability with ultrasound, of 30%.

[0125] The silica Al is subjected to the deagglomerability
test as defined previously in the description: after deagglom-
erability with ultrasound, it has a median diameter (¢s,) of
12.0 ym and an ultrasound deagglomerability factor (Fp) of
3.0 ml

EXAMPLE 2 (COMPARATIVE)

[0126] The following ingredients:

[0127] 280 litres of aqueous sodium silicate (65° C.)
having an SiO,/Na,O weight ratio equal to 3.45 and
a density at 20° C. equal to 1.230

[0128] 720 litres of aqueous solution (20° C.) con-
taining 16.5 kg of Na,SO, are introduced into a
stainless-steel reactor fitted with an impeller stirring
system and heating via a jacket.

[0129] The concentration of silicate, expressed as SiO,, in
the initial stock solution is thus 65 g/l. The mixture is then
brought to a temperature of 70° C. while stirring is contin-
ued. Dilute sulphuric acid with a density at 20° C. equal to
1.050 is then introduced therein, at a flow rate of 7.7 1/min,
until a pH value (measured at its temperature) equal to 8.0
is obtained in the medium. The reaction temperature is 70°
C. during the first 25 minutes; it is then brought from 70 to
94° C. over about 10 minutes and then maintained at 94° C.
until the end of the reaction.

[0130] Aqueous sodium silicate of the type described
above is then introduced (i.e. when the pH of the reaction
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medium has reached a value of 8.0), at a flow rate of 2.1
I/min, and sulphuric acid, also of the type described above,
is introduced simultaneously, at a flow rate adjusted such
that the pH of the reaction medium during the period of
introduction is constantly equal to 8.0+£0.1. After 40 minutes
of simultaneous addition, the introduction of the sodium
silicate is stopped and introduction of the dilute acid is
continued for about 10 minutes, so as to bring the pH of the
reaction medium to a value equal to 5.2. After this intro-
duction of acid, the reaction broth obtained is kept stirring
for 5 minutes.

[0131] The total reaction time is 100 minutes.

[0132] A precipitated silica broth or suspension is thus
obtained, which is then filtered and washed using a filter
press with vertical plates, the said plates being equipped
with a deformable membrane allowing the filter cake to be
compressed by introduction of air under pressure; the pre-
cipitated silica broth is first filtered, the pressure at the end
of filtration being 5.6 bar; the cake formed is then washed
with water, after which it is compacted by introduction of air
at a pressure of 6.6 bar for 2 minutes.

[0133] The cake obtained is then fluidized by mechanical
and chemical action (simultaneous addition of sulphuric acid
and of an amount of sodium aluminate corresponding to an
Al/Si0, weight ratio of 0.28%). After this crumbling opera-
tion, the resulting broth, with a pH equal to 6.2 and a loss on
ignition equal to 82.0% (thus a solids content of 18.0% by
weight), is atomized using a nozzle atomizer.

[0134] The characteristics of the silica A2 obtained in the
form of substantially spherical beads are thus as follows:

BET specific surface 214 m%/g
CTAB specific surface 190 m?/g
pore volume V1 represented by the 1.01 cm’/g
pores of d = 400 A

pore volume V2 represented by the 0.46 cm’/g
pores of 175 Asd=2754

ratio V2/V1 46%

pore volume (V4;) made up of the 1.68 em’/g
pores of d < 1 um

fineness value (F.V.) 91 A
pore volume V3 represented by the 0.85 cm’/g
pores of 100 A=d=3004

total pore volume (TPV) 3.11 cm’/g
PFD 0.32

oil absorption value DOP 256 ml/100 g
pH 6.6

average particle size 215 pum

[0135] The silica A2 is subjected to the dispersibility test
as defined previously in the description: it has a fines content
(Tp), i.e. a proportion of particles less than 0.3 um in size,
after deagglomerability with ultrasound, of 42%.

[0136] The silica A2 is subjected to the deagglomerability
test as defined previously in the description: after deagglom-
erability with ultrasound, it has a median diameter (¢5,) of
9.0 um and an ultrasound deagglomerability factor (F,) of
4.5 ml.
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EXAMPLE 3
[0137] The following ingredients:

[0138] 275 litres of aqueous sodium silicate (65° C.)
having an SiO,/Na,O weight ratio equal to 3.45 and
a density at 20° C. equal to 1.230

[0139] 825 litres of aqueous solution (20° C.) con-
taining 18.2 kg of Na,SO

steel reactor fitted with an impeller stirring system and heating via

4 are introduced into a stainless-

a jacket.

[0140] The concentration of silicate, expressed as SiO,, in
the initial stock solution is thus 58 g/l. The mixture is then
brought to a temperature of 74° C. while stirring is contin-
ued. Dilute sulphuric acid with a density at 20° C. equal to
1.050 is then introduced therein, at a flow rate of 7.6 1/min,
until a pH (measured at its temperature) equal to 7.7 is
obtained in the medium. The reaction temperature is 74° C.
during the first 25 minutes; it is then brought from 74 to 94°
C. over about 10 minutes and then maintained at 94° C. until
the end of the reaction.

[0141] Aqueous sodium silicate of the type described
above is then introduced (i.e. when the pH of the reaction
medium has reached a value of 7.7), at a flow rate of 2.1
I/min, and sulphuric acid, also of the type described above,
is introduced simultaneously, at a flow rate adjusted such
that the pH of the reaction medium during the period of
introduction is constantly equal to 7.7+0.1. After 40 minutes
of simultancous addition, the introduction of the sodium
silicate is stopped and introduction of the dilute acid is
continued for about 10 minutes, so as to bring the pH of the
reaction medium to a value equal to 5.2. After this intro-
duction of acid, the reaction broth obtained is kept stirring
for 5 minutes.

[0142] The total reaction time is 98 minutes.

[0143] A precipitated silica broth or suspension is thus
obtained, which is then filtered and washed using a filter
press with vertical plates, the said plates being equipped
with a deformable membrane allowing the filter cake to be
compressed by introduction of air under pressure; the pre-
cipitated silica broth is first filtered, the pressure at the end
of filtration being 5.6 bar; the cake formed is then washed
with water, after which it is compacted by introduction of air
at a pressure of 4 bar for 30 seconds.

[0144] The cake obtained is then fluidized by mechanical
and chemical action (simultaneous addition of sulphuric acid
and of an amount of sodium aluminate corresponding to an
Al/Si0, weight ratio of 0.28%). After this crumbling opera-
tion, the resulting broth, with a pH equal to 6.2 and a loss on
ignition equal to 83.7% (thus a solids content of 16.3% by
weight), is atomized using a nozzle atomizer.

[0145] The characteristics of the silica P1 obtained in the
form of substantially spherical beads are thus as follows:

BET specific surface 216 m?/g
CTAB specific surface 192 m¥g
pore volume V1 represented by the 0.97 cm’/g
pores of d = 400 A

pore volume V2 represented by the 0.34 ecm’/g

pores of 175 A = d = 275 A
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-continued
ratio V2/V1 35%
pore volume (V4;) made up of the 1.73 em’/g
pores of d < 1 um
fineness value (F.V.) 87 A
pore volume V3 represented by the 0.86 cm’/g
pores of 100 A=d=3004
total pore volume (TPV) 3.15 cm’/g
PFD 0.30
oil absorption value DOP 295 ml/100 g
pH 6.6

average particle size 190 um

[0146] The silica P1 is subjected to the dispersibility test
as defined previously in the description: it has a fines content
(Tp), i.e. a proportion of particles less than 0.3 um in size,
after deagglomerability with ultrasound, of 57%.

[0147] The silica P1 is subjected to the deagglomerability
test as defined previously in the description: after deagglom-
erability with ultrasound, it has a median diameter (050) of
5.2 ym and an ultrasound deagglomerability factor (Fp) of
14.4 ml.

EXAMPLE 4
[0148] The following ingredients:

[0149] 275 litres of aqueous sodium silicate (65° C.)
having an Si0,/Na,O weight ratio equal to 3.45 and
a density at 20° C. equal to 1.230

[0150] 825 litres of aqueous solution (20° C.) con-
taining 18.2 kg of Na,SO, are introduced into a
stainless-steel reactor fitted with an impeller stirring
system and heating via a jacket.

[0151] The concentration of silicate, expressed as SiO,, in
the initial stock solution is thus 58 g/l. The mixture is then
brought to a temperature of 75° C. while stirring is contin-
ued. Dilute sulphuric acid with a density at 20° C. equal to
1.050 is then introduced therein, at a flow rate of 7.6 1/min,
until a pH (measured at its temperature) equal to 7.7 is
obtained in the medium. The reaction temperature is 75° C.
during the first 25 minutes; it is then brought from 75 to 94°
C. over about 10 minutes and then maintained at 94° C. until
the end of the reaction.

[0152] Aqueous sodium silicate of the type described
above is then introduced (i.e. when the pH of the reaction
medium has reached a value of 7.7), at a flow rate of 2.1
I/min, and sulphuric acid, also of the type described above,
is introduced simultaneously, at a flow rate adjusted such
that the pH of the reaction medium during the period of
introduction is constantly equal to 7.7+0.1. After 40 minutes
of simultaneous addition, the introduction of the sodium
silicate is stopped and introduction of the dilute acid is
continued for about 10 minutes, so as to bring the pH of the
reaction medium to a value equal to 5.2. After this intro-
duction of acid, the reaction broth obtained is kept stirring
for 5 minutes.

[0153] The total reaction time is 98 minutes.

[0154] A precipitated silica broth or suspension is thus
obtained, which is then filtered and washed using a filter
press with vertical plates, the said plates being equipped
with a deformable membrane allowing the filter cake to be
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compressed by introduction of air under pressure; the pre-
cipitated silica broth is first filtered, the pressure at the end
of filtration being 4 bar; the cake formed is then washed with
water, after which it is compacted by introduction of air at
a pressure of 4 bar for 30 seconds.

[0155] The cake obtained is then fluidized by mechanical
and chemical action (simultaneous addition of sulphuric acid
and of an amount of sodium aluminate corresponding to an
Al/Si0, weight ratio of 0.28%). After this crumbling opera-
tion, the resulting broth, with a pH equal to 6.2 and a loss on
ignition equal to 83.7% (thus a solids content of 16.3% by
weight), is atomized using a nozzle atomizer.

[0156] The characteristics of the silica P2 obtained in the
form of substantially spherical beads are thus as follows:

BET specific surface 200 m?%/g
CTAB specific surface 190 m%/g
pore volume V1 represented by the pores 1.03 em?/g
of d = 400 A

pore volume V2 represented by the 0.49 cm’/g
pores of 175 Asd=2754

ratio V2/V1 48%

pore volume (V4;) made up of the 1.80 cm’/g
pores of d < 1 ym

fineness value (F.V.) 93 A
pore volume V3 represented by the 0.87 cm’/g
pores of 100 As=d=304A

total pore volume (TPV) 332 em’/g
PFD 0.31

oil absorption value DOP 280 ml/100 g
pH 6.6

average particle size 210 pum
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I/min, and sulphuric acid, also of the type described above,
is introduced simultaneously, at a flow rate adjusted such
that the pH of the reaction medium during the period of
introduction is constantly equal to 7.7+0.1. After 40 minutes
of simultaneous addition, the introduction of the sodium
silicate is stopped and introduction of the dilute acid is
continued for about 10 minutes, so as to bring the pH of the
reaction medium to a value equal to 5.2. After this intro-
duction of acid, the reaction broth obtained is kept stirring
for 5 minutes.

[0164] The total reaction time is 101 minutes.

[0165] A precipitated silica broth or suspension is thus
obtained, which is then filtered and washed using a filter
press with vertical plates, the said plates being equipped
with a deformable membrane allowing the filter cake to be
compressed by introduction of air under pressure; the pre-
cipitated silica broth is first filtered, the pressure at the end
of filtration being 5.6 bar; the cake formed is then washed
with water, after which it is compacted by introduction of air
at a pressure of 4 bar for 30 seconds.

[0166] The cake obtained is then fluidized by mechanical
and chemical action (simultaneous addition of sulphuric acid
and of an amount of sodium aluminate corresponding to an
Al/Si0, weight ratio of 0.28%). After this crumbling opera-
tion, the resulting broth, with a pH equal to 6.2 and a loss on
ignition equal to 83.5% (thus a solids content of 16.5% by
weight), is atomized using a nozzle atomizer.

[0167] The characteristics of the silica P3 obtained in the
form of substantially spherical beads are thus as follows:

[0157] The silica P2 is subjected to the dispersibility test
as defined previously in the description: it has a fines content
(tp), i.e. a proportion of particles less than 0.3 um in size,
after deagglomerability with ultrasound, of 62%.

[0158] The silica P2 is subjected to the deagglomerability
test as defined previously in the description: after deagglom-
erability with ultrasound, it has a median diameter (¢s,) of
5.4 ym and an ultrasound deagglomerability factor (F) of
10.0 ml.

EXAMPLE 5
[0159] The following ingredients:

[0160] 262 litres of aqueous sodium silicate (65° C.)
having an SiO,/Na,O weight ratio equal to 3.45 and
a density at 20° C. equal to 1.230

[0161] 858 litres of aqueous solution (20° C.) con-
taining 18.7 kg of Na,SO, are introduced into a
stainless-steel reactor fitted with an impeller stirring
system and heating via a jacket.

[0162] The concentration of silicate, expressed as Si0O,, in
the initial stock solution is thus 55 g/l. The mixture is then
brought to a temperature of 75° C. while stirring is contin-
ued. Dilute sulphuric acid with a density at 20° C. equal to
1.050 is then introduced therein, at a flow rate of 7.25 1/min,
until a pH (measured at its temperature) equal to 7.7 is
obtained in the medium. The reaction temperature is 75° C.
during the first 25 minutes; it is then brought from 75 to 94°
C. over about 10 minutes and then maintained at 94° C. until
the end of the reaction.

[0163] Aqueous sodium silicate of the type described
above is then introduced (i.e. when the pH of the reaction
medium has reached a value of 7.7), at a flow rate of 1.9

BET specific surface 215 m?/g
CTAB specific surface 197 m?/g
pore volume V1 represented by the 1.02 em’/g
pores of d = 400 A

pore volume V2 represented by the 0.27 cm’/g
pores of 175 Asd=2754

ratio V2/V1 26%

pore volume (V4;) made up of the 1.72 cm’/g
pores of d < 1 um

fineness value (F.V.) 83 A
pore volume V3 represented by the 0.86 cm’/g
pores of 100 A=d=3004

total pore volume (TPV) 3.14 cm’/g
PFD 0.30

oil absorption value DOP 285 ml/100 g
pH 6.6

average particle size 210 pm

[0168] The silica P3 is subjected to the dispersibility test
as defined previously in the description: it has a fines content
(Tp), i.e. a proportion of particles less than 0.3 um in size,
after deagglomerability with ultrasound, of 55%.

[0169] The silica P3 is subjected to the deagglomerability
test as defined previously in the description.

[0170] After deagglomerability with ultrasound, it has a
median diameter (¢5,) of 6.4 wum and an ultrasound
deagglomerability factor (Fp) of 9.1 ml.

[0171] The characteristics of the silicas prepared in
Examples 1 to 5 above, as well as those of a commercial
silica, in the form of powder and granules, sold by the
company PPG Industries, in this case HI-SIL®2000 (refer-
ence A3), and those of the silica (reference MP1) in the form
of substantially spherical beads, prepared in Example 12 of
patent application EP-A-0,520,862 (Application No.
92401677.7), are collated in Table I below.
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TABLE I

Al A2 A3 MP1 P1 P2 P3
S ) 240 214 239 170 216 200 215
Beras (m7g) 200 190 212 160 192 190 197
V1 (cm?g) 1.03 1.01 1.07 0.90 0.97 1.03 1.02
V2 (em®/g) 0.31 0.46 0.20 0.55 0.34 0.49 0.27
V2/V1 (%) 30 46 19 61 35 48 26
vd1 (em®/g) 1.64 1.68 1.93 1.80 1.73 1.80 1.72
EV. (A) 76 91 76 120 87 93 83
ve (%) 30 44 29 78 57 56 55
V3 (em®/g) 0.85 0.85 0.88 0.77 0.86 0.87 0.86
TPV (cm®/g) 316 311 270 300 315 332 314
PFD 0.33 0.32 0.32 0.28 0.30 0.31 0.30
DOP (ml/100 g) 256 256 295 276 295 280 285
rH 6.6 6.6 6.8 6.7 6.6 6.6 6.6
Average size (um) 220 215 * 260 190 210 210
5o (um) 12.0 90 129 43 52 100 6.4
Fp, (um) 30 45 20 65 144 5.4 9.1
*not measured

EXAMPLE 6 [0182] The formulations are prepared in the following

[0172] This example illustrates the use and behaviour of
silicas according to the invention and of silicas not in
accordance with the invention, in an industrial rubber for-
mulation.

[0173] The following formulation is used (the parts are
expressed by weight):

S.B.R. rubber 103

B.R. rubber 1220 @ 25

silica 70 (80 in the case

of MP1)

ZnO & 25
stearic acid 2

6PPD 9 1.9

CBS ® 1.7

DPG @ 2
sulphur (7 1.4

silane X508 ® 12.8

[0174] (1) Styrene/butadiene copolymer in solution
of the type BUNA 1955825, sold by the company
Bayer

[0175] (2) Polybutadiene polymer of the type B.R.
1220, sold by the company Shell

[0176] (3) Rubber-quality zinc oxide

[0177] (4) N-(1,3-Dimethylbutyl)-N'-phenyl-p-phe-
nylenediamine sold by the company Akzo

[0178] (5) N-Cyclohexyl-2-benzothiazyl sulphena-
mide

[0179] (6) Diphenylguanidine
[0180] (7) Vulcanizing agent

[0181] (8) Silica/rubber coupling agent, on carbon
black support, sold by the company Degussa

way, in two stages:
[0183] Stage 1

[0184] The following ingredients are introduced, in this
order and at the times indicated in brackets (the temperature
increasing gradually from 60 to 160° C.) into an internal
mixer (Banbury type):

[0185] SB.R. and BR. 1220 (1,)(60° C.),

[0186] 25 of the amount of silica and the X50S (t,+1
mn),
[0187] the remainder (V3) of the silica and the stearic

acid (ty+2 mn).

[0188] The mixer is unloaded (dropping of the mixture)
when the chamber temperature reaches 160° C.

[0189] Stage 2

[0190] The mixture obtained after Stage 1 is reintroduced
into the internal mixer (") at 60° C. (the temperature then
rising gradually).

[0191] The active ZnO and the 6PPD are then introduced
(t,+30 ).

[0192] The mixer is unloaded (dropping of the mixture)
when the chamber temperature reaches 160° C. The mixture
is then introduced into a cylinder mixer, maintained at 40°
C., in order to be calendered therein. The CBS, the DPG and
the sulphur are introduced into this mixer.

[0193] After homogenization and three fine screenings,
the final mixture is calendered in the form of sheets 2.5 to
3 mm in thickness.

[0194] The test results are as follows:
[0195] 1-Rheological Properties

[0196] The measurements are taken on the crude formu-
lations at 170° C.

[0197] The apparatus used to carry out the measurements
is a Monsanto 100 S rheometer.
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[0198] The results are given in Table II below.

TABLE II

Al A2 A3 MP1 P1 P2 P3

Min. torque (in. 1b) 27 25 32 18 21 19 21
Max. torque (in. Ib) 85 82 84 76 78 77 80

[0199] The formulations obtained from the silicas accord-
ing to the invention (P1, P2, P3) give:

[0200] lower values than those of the formulations
prepared from the silicas Al, A2 and A3,

[0201] wvalues not far from those of the formulation
obtained from the silica MP1.

[0202] This reflects a great ease of implementation of the
mixtures prepared from the silicas according to the inven-
tion, in particular as regards the extrusion and calendering
operations often carried out during the manufacture of
elastomeric compositions (reduced energy cost to prepare
the mixture, greater ease of injection during mixing, less
swelling at the die during extrusion, less shrinkage on
calendering, etc.).

[0203] 2-Mechanical properties

[0204] The measurements are taken on the vulcanized
formulations.

[0205] The vulcanization is obtained by maintaining the
formulations at 150° C. for 40 minutes.

[0206] The following standards were used:

[0207] (i) tensile tests (moduli, tensile strength) NF T
46-002 or ISO 37-1977 (DIN 53 504)

[0208] (ii) tear strength tests NF T 46-007 (notched at
0.5 mm)

[0209] The results obtained are given in Table III below.

TABLE III

Al A2 A3 MP1 P1 P2 P3

100% Modulus 4.8 4.5 3.9 3.0 3.3 3.0 3.2
(MPa)
300% Modulus 12.5 13.5 124 147 145 137 138
(MPa)
300% Modulus/ 2.6 3.0 3.2 4.7 4.4 4.6 4.3
100%
Modulus
Tensile 13.0 17.5 171 194 195 202 19.6
strength
(MPa)
Tear strength 33.0 327 30,5 367 411 426 373
(KN/M)

[0210] These results show that the silicas according to the
invention afford very good mechanical properties.

[0211] On the one hand, the silicas according to the
invention lead to low 100% moduli, which is proof of good
dispersibility of the silica, and to fairly high 300% moduli,
which is proof of a high density of silica/rubber interactions.
Furthermore, they lead to a high 300% modulus/100%
modulus ratio, i.e. a very good compromise between these
two moduli, which is proof of a good reinforcing effect.
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[0212] On the other hand, the high reinforcing power of
the silicas according to the invention is also confirmed by the
high values obtained for the tensile strength and the tear
strength.

[0213] The silicas according to the invention thus impart
a higher level of performance to all of the mechanical
properties.

[0214] 3-Dynamic Properties

[0215] The measurements are taken on the vulcanized
formulations.

[0216] The vulcanization is obtained by maintaining the
formulations at 150° C. for 40 minutes. The results (illus-
trating the susceptibility to heating) are given in Table IV
below (the lower the values, the lower the susceptibility to
heating). The apparatus used for carrying out the measure-
ments is indicated.

TABLE IV

Al A2 A3 MP1 P1 P2 P3

Internal heating 111 92 101 84 89 84 88

€ CH®

70° C. tan 014 014 016 0.4 013 013 0.13
delta®

MGoodrich flexometer
Instron viscoelasticimeter

[0217] The susceptibility to heating obtained using the
silicas according to the invention is fairly low.

[0218] In particular, it is less than that observed with the
silicas A1, A2 and A3 which have a specific surface of the
same order.

[0219] 1t is close to that observed with the silica MP1
which has a much lower specific surface; the tan delta is
even lower than that observed with the latter silica.

1. Process for the preparation of precipitated silica, of the
type comprising the reaction of a silicate with an acidifying
agent, whereby a suspension of precipitated silica is
obtained, followed by separation and drying of this suspen-
sion, characterized in that:

the precipitation is carried out in the following way:

(1) an initial stock solution is formed containing at least
some of the total amount of the silicate used in the
reaction and at least one electrolyte, the concentra-
tion of silicate (expressed as Si0,) in the said initial
stock solution being between 50 and 60 g/l,

(i) the acidifying agent is added to the said stock
solution until a pH of between 7 and 8.5 for the
reaction medium is obtained,

(iii) the acidifying agent is added to the reaction
medium along with, where appropriate, simulta-
neously, the remaining amount of the silicate,

the separation comprises a filtration and washing opera-
tion using a filter equipped with a means of compact-
ing,

a suspension having a solids content of less than 17% by
weight is dried by spraying.
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2. Process according to claim 1, characterized in that the
said concentration of silicate (expressed as SiO,) in the said
stock solution is between 55 and 60 g/l.

3. Process according to either of claims 1 and 2, charac-
terized in that the said electrolyte is sodium sulphate, its
concentration in the initial stock solution being between 12
and 20 g/l, in particular between 15 and 20 g/1.

4. Process according to one of claims 1 to 3, characterized
in that after the simultaneous addition of acidifying agent
and of the remaining amount of silicate, an additional
amount of acidifying agent is added to the reaction medium,
preferably until a pH of between 4 and 6 is obtained in the
reaction medium.

5. Process according to one of claims 1 to 3, characterized
in that the total amount of the silicate used in the reaction is
introduced in step (i) and in that, in step (iii), the acidifying
agent is added until a pH of between 4 and 6 is obtained in
the reaction medium.

6. Process according to one of claims 1 to 5, characterized
in that a suspension with a solids content of between 14.5
and 16.5% by weight is dried by spraying.

7. Process according to one of claims 1 to 6, characterized
in that the said drying is carried out using a nozzle atomizer.

8. Process according to one of claims 1 to 7, characterized
in that the separation comprises a filtration, a washing and
then a compacting operation, using a filter press.

9. Process according to claim 8, characterized in that the
said compacting is carried out by introduction of air at a
pressure of less than 4.5 bar for 20 to 40 seconds, for
example for about 30 seconds.

10. Pressure according to claim 9, characterized in that the
said pressure is between 3.8 and 4.3 bar.

11. Process according to one of claims 1 to 10, charac-
terized in that the dried product is subsequently ground and
then optionally agglomerated.

12. Process according to one of claims 1 to 10, charac-
terized in that the dried product is then agglomerated.

13. Precipitated silica, characterized in that it has:

a BET specific surface of between 185 and 250 m?/g,
a CTAB specific surface of between 180 and 240 m?/g,

a pore distribution such that the pore volume V2 made u
of the pores with a diameter of between 175 and 275 A
represents less than 50% of the pore volume V1 made
up of the pores with diameters of less than or equal to
400 A,

a pore volume (Vy,), made up of the pores with a diameter
of less than 1 ym, of greater than 1.65 cm?/g,
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a fineness value (F.V.) of between 70 and 100 A,

a content of fines (ty), after deagglomerability with ultra-
sound, of at least 50%.

14. Silica according to claim 13, characterized in that it
has a pore distribution such that the ratio V2/V1 is not more
than 0.45.

15. Silica according to either of claims 13 and 14,
characterized in that it has a pore volume (V;), made up of
the pores with a diameter of less than 1 um, of at least 1.70
cm’/g, preferably between 1.70 and 1.80 cm’/g.

16. Silica according to one of claims 13 to 15, character-
ized in that it has a fineness value (F.V.) of between 80 and
100 A.

17. Silica according to one of claims 13 to 16, character-
ized in that it has a median diameter (¢s,), after deagglom-
erability with ultrasound, of less than 8.5 um, preferably
between 5 and 7 um.

18. Silica according to one of claims 13 to 17, character-
ized in that it has an ultrasound deagglomerability factor
(Fp) of greater than 5.5 ml, preferably greater than 9 ml.

19. Silica according to one of claims 13 to 18, character-
ized in that it has a pore volume (V3), made up of the pores
with a diameter of between 100 and 300 A, of at least 0.82
cm?/g, in particular of at least 0.85 cm’/g.

20. Silica according to one of claims 13 to 19, character-
ized in that it has a total pore volume (TPV) of greater than
3.0 cm®/g, for example between 3.1 and 3.4 cm’/g.

21. Silica according to one of claims 13 to 20, character-
ized in that it has a packed filling density (PFD) of greater
than 0.28, in particular at least equal to 0.30.

22. Silica according to one of claims 13 to 21, character-
ized in that it has an oil absorption value DOP of between
230 and 330 ml/100 g, preferably between 250 and 300
ml/100 g.

23. Silica according to one of claims 13 to 22, character-
ized in that it is in the form of substantially spherical beads
with an average size of at least 80 um.

24. Silica according to one of claims 13 to 22, character-
ized in that it is in the form of powder with an average size
of at least 15 um.

25. Silica according to one of claims 13 to 22, character-
ized in that it is in the form of granules at least 1 mm in size.

26. Use, as a reinforcing filler for elastomers, of a silica
obtained by the process according to one of claims 1 to 12
or of a silica according to one of claims 13 to 25.
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