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This paper examines a new precipitat-
ed silica® (Dimosil) derived from the
mineral porcellanite using a low-tem-
perature, low-pressure synthetic proto-
col. The process generates silica with a
morphology comparable to that of com-
mercially available silica marketed as
highly dispersing.

This report will describe the unique
aspects of the Dimosil synthesis. X-ray
and light scattering techniques are then
used to compare Dimosil to commercial
Zeosil 1165 (Rhodia) and Ultrasil 7005
(Degussa). The commercial samples are
labeled in this paper as Al for Zeosil
and B1 for Ultrasil. Finally. the me-
chanical properties of reinforced organic
rubber are reported.

The reinforcement of elastomers by
aggregated fillers such as carbon black
and precipitated silica is a well-studied
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area with recent work on the enhanced
performance of precipitated silica.”* Sev-
eral recent reviews on elastomer rein-
forcement emphasize the contribution of
the filler network®® and filler morpholo-
gy*! to reinforcement. The ability to re-
late the filler structure to mechanical re-
inforcement is of value for the synthesis
of filler particles with tunable structures
optimized for specific applications.®

Silica synthesis

The materials studied here were syn-
thesized at the Dimona Silica Industries
Ltd. pilot plant located at Ben Gurion
University of the Negev in Beer-Sheba,
Israel. The Dimona plant is under con-
struction in the nearby town of Dimona,
Israel.! The Dimona site is at the north-
ern edge of the Negev desert where the
only known surface deposit of the miner-
al porcellanite is found.

This mineral is the key to the efficien-
cies associated with the new generation
precipitated silica. The 2008 production
target is 40,000 metric tons per year of

tion process.

forcement properties.

Executive summary

An efficient method is described for the production of precipitated silica from
porcellanite, a mineral rich in amorphous silica found in the Negev desert. The
resulting silica, Dimosil, is produced by a low-temperature, low-pressure solu-

The product is being optimized by Dimona Silica Industries Ltd. with a
planned annual silica production of 40,000 metric tons in 2008. Silica can be
synthesized with specific surface areas in the range of 100-400 m2/g.

The Dimosil was evaluated using light scattering and ultra small angle X-ray
scattering to determine its morphology at different size scales. The results
show that the Dimona process produces silica with a ramified structure that
can be tailored through processing protocol.

The tread-grade Dimosil was incorporated into organic rubber formulations
and the mechanical properties were measured. The Dimosil-reinforced com-
pounds were compared to compounds reinforced with competitive highly dis-
persing precipitated silica. The Dimosil shows excellent dispersion and rein-

precipitated silica along with 35,000
tons per year of precipitated calcium
carbonate. The production potential of
the plant is 200,000 tons per year with a
200-year supply of raw material avail-
able in the Negev.

The new process substantially reduces
the energy requirements to produce pre-
cipitated silica. Fig. 2 shows a simpli-
fied diagram of the synthetic scheme.

Synthesis (left column of Fig. 1) starts
with the pulverizing of porcellanite. Por-
cellanite is rich in amorphous silica and
crystalline calcium carbonate, both of
which are important to the Dimona
process. Pulverization is followed by
leaching of porcellanite with concentrated
sodium hydroxide to give sodium silicate
(water glass), as shown in Reaction 1.

The water-glass solution is then neu-
tralized with carbon dioxide. The result
is a basic solution of silica and sodium
carbonate, as shown in Reaction 2.

The morphology and properties of sili-
ca are tailored during the carbonization
step, Reaction 2. The process is capable
of making precipitated silica with sur-
face areas that range from 60 m%g to
more than 300 m?g and a range of ag-
gregate and agglomerate morphologies.
The final silica precipitate is separated,
washed, neutralized, filtered and dried.

The key advantage of the Dimona
process is found in the leaching step. Be-
cause of the high amorphous silica con-
tent of porcellanite, water glass is formed
under mild conditions compared to that
required for conventional water-glass

Fig. 1. Schematic of the solution synthesis process for making precipitated silica
and precipitated calcium carbonate from Negev-mined porcellinite. The synthetic
steps are on the left. Red shows the energy path and blue shows recycling of sodi-

um hydroxide and production of PCC.
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production, which requires dissolution of
crystalline silica. In the Dimona process,
leaching is carried out at less than 100°C
and at atmospheric pressure. Conven-
tional water-glass production requires
melting at 1,500°C and high pressure.

Recycling of process chemical is intrin-
sic to the Dimona Process. Sodium hy-
droxide, for example, is recycled (indicated
in blue cycle in Fig. 1) using quicklime
(Ca0) derived from calcined CaCO:s to
caustify the Na2COs, which is a product of
the carbonization reaction, Reaction 2.

The caustification reaction, Reaction
4, generates precipitated calcium car-
bonate, a valuable commodity in its own
right. The carbon dioxide product of cal-
cination, Reaction 3, also is recycled
into the neutralization stream.

Further economies are realized by inte-
gration of a combined-cycle 100-MW gas-
fired electric power plant (red in Fig. 1).
The plant produces the thermal energy re-
quired for calcination with excess power
fed into the electric power grid. Steam
from the low-pressure exhaust of the
steam turbine is utilized in the leaching
step and waste heat from the gas turbine
is used to dry the final silica product. Fi-
nally, combustion products (carbon diox-
ide and water) are also injected into the
neutralization stream resulting in a near
zero-emission power cycle. The only waste
streams from the plant are inorganic and

Reaction 1. Dissolution.
[Na:0*H:0+nSiO—(Na0)(SiOz)n+H:0 |

Reaction 2. Carbonization.
[(NaO)(SiO2)n+C0O2— Na:COs+n SiO2 |

Reaction 3. Calcination.
[CaCOs:— CaO + CO |

Reaction 4. Caustification.
|Na2003 + CaO - Na2O + CaCO:s |

Reaction 5. Mass fractal dimensions.

R :f

Reaction 6. Connectivity dimension.

Equation 1. Bending modulus.
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organic residuals, which are returned to
the mine.

Silica morphology

As illustrated by the transmission
electron micrograph in Fig. 2a, precipi-
tated silica has a complex morphology
that spans nanometer to micron size-
scales.’®?13 Manipulation of the morphol-
ogy at each structural level determines
the properties of the product. Reinforc-
ing silica powder displays at least three
structural levels (inset Fig. 2b).

At the smallest size-scale, quasi-
spherical primary particles are found
ranging in size from 100-500 A in diame-
ter. These primary particles control the
specific surface area of the powder. The
primary particles are clustered to from
disordered aggregates at the 0.1-pm
size-scale. Typically aggregates are fur-
ther linked to form agglomerates that
extend up to hundreds of um in size.

Witten, Rubenstein, and Colby, hereby
noted as WRC,* discuss a model relating
the morphology of aggregates to rein-
forcement. To understand the implica-
tions of the WRC model, it is necessary
to introduce a formalism to characterize
disordered objects such as aggregates
and agglomerates, which are collectively
referred to as “clusters.” Fractal geome-
try is useful in this regard especially be-
cause fractal dimensions are easily de-
termined by scattering methods.*%*

Fig. 2. Morphological data on Dimosil
288. (a) TEM showing aggregated struc-
ture of primary particles. The bar is 0.25
um. (b) Scattering intensity vs. scatter-
ing vector, g, showing combined ultra
small-angle x-ray scattering and small-
angle light scattering. The insets show
the classes of morphology observed in
the different q regions. Primary particles
cluster to form aggregates, which in turn
cluster to form hard agglomerates. The
soft agglomerates are not shown.
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