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A method and a system for sep- L
arating fine particles, such as fumed |2 / 16 30
silica, from contaminant particles sus- N / /

pended in a gaseous medium, include
introducing a particle suspension (10)
at a predetermined velocity into a ves-
sel (12) having a top (14) and bottom
(15) portion, each portion having a dis-
charge outlet. The particle suspension
is then directed into an impingement
plate (20) which is arranged within the
vessel at a predetermined angle. The
impingement plate is angled to achieve
uniform distribution of the particle sus-
pension within the vessel after impact
with the plate. The fine particles will

and the contaminant, as well as resid-
ual fie particles, will settle to the bot-
tom of the vessel. The fine particles
and contaminant and residual fine par-
ticles are removed from the top and
bottom discharge outlets (16, 17) re-
spectively.
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FINE PARTICLE CLASSIFIER

BACKGRQUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to an improved method and system for separating
fine particles from contaminant particles suspended in a gaseous medium and, more

particularly, to a method for separating fumed silica from contaminant particles.

2. Description of the Prior Art

Many industrial processes use particulate material either as a feed or product.
Commonly, there are specifications on particle size distributions to control the solution
rate, mixing behavior and segregation, optical properties, smoothness, and dustiness.
Materials having a particle diameter of less than 45.0 microns (325 mesh) are commonly
employed as fillers or reinforcing agents to improve the physical properties of
compositions including rubbers, coatings, adhesives, paints and sealants. In particular,
materials having a nominal particle diameter of between about 1.0 to about 45.0 microns
are used in this manner. Examples of these materials include, but are not limited to,
fumed silicas, precipitated silicas, fumed alumina, zinc oxide fume and carbon black.

Several methods have been developed to control the particle size distribution.
For example, it is known to use air classifiers, fluidized beds, or rotary classifiers to
separate particulate material based on particles sizes and/or densities. Several different
methods and apparatuses for separating particulate materials from a mixture in gas
streams are described in Henderson, U.S. Patent No. 4,125,456, separating grit from
carbon black, Matheson in U.S. Patent No. 2,561,396, separating mixtures of particles
having different sizes, Huber in U.S. Patent No. 1,146,624, separating a stream of
coarse and fine particles having substantially the same specific gravity, and Goodell in
U.S. Patent No. 4,299,694, separating fine char from discharge waste of coal-fired

direct reduction process. Each of these prior art processes generally operate by
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introducing a mixture of particles into an upwardly flowing air stream which lifts the
lighter particles and allows the heavier particles to fall by gravity into a hopper.
Stebbins, U.S. Patent No. 1,660,682, similarly teaches that fine dust-like particles can
be separated from heavier particles by air blasting the particulate mixture into a chamber
wherein the lighter particles will be carried out of the direct path of the air blast by
expansion of the air. Alternatively, processes have been developed utilizing a baffle, or
impingement plate, to deflect particles in a gas stream. For example, Musto, U.S.
Patent No. 3,865,242, teaches an apparatus for classifying particulate matter of different
densities entrained in a fluid flow stream. The apparatus includes a bend section of a
duct system in which the particles are concentrated, and a baffle disposed immediately
downstream of the bend section which is operative to deflect the particles transversely
across the path of the gas component. A similar device is described in Clute, U.S.
Patent No. 2,968,400, wherein a separator for comminuted materials of different specific
gravities utilizes a continuous air flow system as well as a swingable and a stationary
baffle. Another method and apparatus for classifying and separating components of a
particulate solid substance carried in a gaseous medium is disclosed in Stark, U.S. Patent
No. 3,426,893, wherein a mixture of solid substances is carried in a continuously
moving gas stream and is stripped of fine particles as it moves along a series of
chambers into an expansion zone, thereby avoiding the use of a complicated apparatus.

Unfortunately, there is no universal device to select exactly the desired particle
size fraction for a particular feed or product, and problems such as high contaminant
levels, high solids losses, and high operating costs make selection and operation of
classifiers difficult. These problems are compounded when separation of extremely fine
particles is required.

As previously discussed, one example of a material having a particle diameter
less than about 45.0 microns is fumed silica. Fumed silica, a well known additive
commonly employed to improve the physical properties of various compositions,
comprises fine silicon dioxide particles generally having a particle diameter of between
about 1.0 to about 45.0 microns and a bulk density of about 10.0 Ibs/ft’ or less.

It is desired, therefore, to develop an improved method for separating fine

particles from contaminant particles suspended in a gaseous medium. More particularly,
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it is desired to develop a method for separating fumed silica from contaminant particles
suspended in a dilute phase gas stream.

It is therefore an object of the present invention to provide an improved method
for separating fine particles from contaminant particles suspended in a gaseous medium.
It is a further object of the present invention to provide a method for separating fumed
silica having a nominal particle diameter of between about 1.0 to about 45.0 microns

from contaminant particles suspended in a dilute phase gas stream.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a method for separating fine
particles from contaminant particles suspended in a gaseous medium. The method
includes introducing a particle suspension at a predetermined velocity into a vessel
having a top and bottom portion, each portion having a discharge outlet. The particle
suspension is then directed into an impingement plate, which is arranged within the
vessel at a predetermined angle. The angle of the impingement plate allows for the
particle suspension to be uniformly distributed within the vessel after impact with the
plate. The fine particles will rise to the top portion of the vessel, and the contaminant,
as well as residual fine particles, will settle to the bottom of the vessel. The fine
particles, and contaminant and residual fine particles are removed from the top and
bottom discharge outlets respectively.

The system for separating fine particles from contaminant particles suspended in
a gaseous medium includes a means for transporting the particle suspension at a
predetermined velocity into a vessel. The vessel has a top and bottom portion, each of
which portion has a discharge outlet. An impingement plate is arranged within the
vessel at a predetermined angle that achieves uniform distribution of the particle
suspension within the vessel, after impact with the plate. Lastly, the system includes
means for removing the fine particles and contaminant and residual fine particles.

For example, the method of the present invention can be used for separating
fumed silica.having a nominal particle diameter of between about 1.0 to about 45.0

microns from contaminant particles suspended in either a dilute or dense phase gas
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stream. The method includes introducing the gas stream at a predetermined velocity into
a vessel having a top and bottom portion, each portion having a discharge outlet. The
gas stream is then directed into an impingement plate, which is arranged within the
vessel at a predetermined angle of between 0° to 90° relative to the central axis of the
vessel. The angle of the impingement plate allows for the gas stream to be uniformly
distributed within the vessel after impact with the plate. After impact, the fumed silica
rises to the top portion of the vessel, and the contaminant, as well as residual fumed
silica, settles to the bottom of the vessel. The velocity of the gas stream may be
adjusted with known means in order to achieve an overall bulk gas velocity within the
vessel of between about 5.0 to about 20.0 ft/min. The fumed silica and contaminant and

residual fumed silica are removed from the top and bottom discharge outlets,

respectively.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and advantages will be more fully appreciated
from the following drawings in which:

FIG. 1 illustrates a process flow diagram of the vessel and impingement plate
arrangement utilized in the present invention,;

FIGS. 2A and 2B illustrate alternative impingement plate arrangements utilized
in the present invention;

FIG. 3 illustrates an overall process flow diagram of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method for separating fine particles from
contaminant particles suspended in a gaseous medium.

Referring to FIG. 1, the method of the present invention includes introducing a
particle suspension 10 into a vessel 12 through inlet 13. Vessel 12 is typically
cylindrically shaped, and has a top portion 14 and a conical bottom portion 15 with
sloping side walls at approximately 60° angles. Each portion has a respective discharge
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outlet 16, 17. An impingement plate 20 is arranged within vessel 12 at a predetermined
angle depending upon the particle sizes and flow rates of particle suspension 10. The
angle of plate 20 allows for particle suspension 10 to be uniformly distributed within the
vessel after impact with the plate. Impingement plate 20 can be attached to a plate rod
22 by any conventional means. Plate rod 22 allows for operator adjustment of the
distance of plate 20 from inlet 13 from the exterior of vessel 12.

As noted, particle suspension 10 will be uniformly distributed within vessel 12
upon impact with plate 20. The fine particles then rise to top portion 14. The
contaminant particles, and residual fine particles, settle to the bottom portion 15 of
vessel 12. A fine particle stream 30 is removed through top discharge outlet 16 for
packaging or further processing, while contaminant and residual fine particle stream 32
is removed through bottom discharge outlet 17 for disposal or further separation.

Particle suspension 10 is typically comprised of a mixture of fine and contaminant
particles in a gaseous medium. Typically, the fine particles have a particle diameter of
less than about 45.0 microns (325 mesh size). Additionally, the fine particles typically
have a bulk density of less than 10 Ibs/ft’. The contaminant particles are generally
comprised of relatively large particles, coarse agglomerated particles, reaction
by-products, extra-process materials, and/or unreacted raw materials. Generally, the
contaminant particles, sometimes referred to as grit, have a particle size and bulk density
greater than the fine particles. Examples of several fine particles which can be separated
from contaminant particles suspended in a gaseous medium include, but are not limited
to, fumed silicas, precipitated silicas, fumed alumina, zinc oxide fume and carbon black.

Particle suspension 10 is carried in either a dilute or dense phase gas stream, the
stream typically having a velocity greater than 5.0 feet per minute depending upon the
specific application and the type of fine particles desired to be separated. Any
non-reactive gas can be used as the carrier gas for the fine and contaminant particles,
such as nitrogen or air. Preferably, air is used as the carrier gas due to its relative
convenience and low cost. The particle suspension 10 is typically transferréd directly
from a reactor, other process vessel, or storage tank (not shown) into vessel 12. Several
conventional methods can be used to create and transport particle suspension 10,

including utilizing a fan or blower, a pump, a venturi, or a pneumatic transport system
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using a compressed gas. Any of the known conventional methods may be appropriately
controlled and adjusted by those skilled in the art to achieve the desired transport rate
and fluidization of the fine and contaminant particles of particle suspension 10 into vessel
12. Similar particle transfer methods are utilized in the fine particle stream 30, as well
as the contaminant and residual fine particle stream 32 to pull the fine and contaminant
particles out of vessel 12 for further processing, packaging, or disposal.

The present invention is particularly effective for separating fumed silica from
contaminant particles. Fumed silica, such as CAB-O-SIL® brand fumed silica (registered
trademark of Cabot Corporation, Boston, MA), is produced by the hydrolysis of silicon
tetrachloride vapor in a flame of hydrogen and oxygen. In the combustion process,
molten spheres of silica are formed haVing nominal particle diameters averaging between
about 0.007 to 0.027 micron. These molten spheres, termed primary particles, collide
and fuse with one another to form branched, three dimensional, chain-like aggregates.
As the aggregates cool below the fusion temperature of silica (approximately 17100C)
further collisions result in some reversible, mechanical entanglement or agglomeration.
The agglomerated fumed silica product typically has a nominal particle diameter of less
than 45.0 microns and a bulk density of less than 5.0 Ibs/ft’. The fumed silica is
typically subjected to a calcination process to reduce the hydrogen chloride adsorbed on
its surface during the above described production process. After calcination, the fumed
silica, and contaminants therein, is suspended in air and pumped to vessel 12.

Typically, the contaminants present in the fumed silica particle suspension include
silica and non-silica contaminants such as metal flakes, extra-process materials, fibers,
metal oxides, as well as glass and ceramic-like fused silica particles. Typically, there
are between 0 to 800 parts per million (PPM), with a mean of 50 PPM, of contaminant
particles in the calciner discharge stream (particle suspension 10). Conventional settling
velocity calculations are used to determine the smallest particle sizes likely to be
collected at any given velocity. As noted earlier, the contaminant particle size and bulk
density are, for the most part, greater than 45.0 microns and 10 lbs/ft', however it is not
unusual to collect smaller and lighter particles.

Particle suspension 10 is transported to vessel 12 at a predetermined velocity.

Typically, the lowest flow rate must be great enough to fluidize the fumed silica, and
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can vary with the size and type of silica and operating conditions. The highest flow
rate, likewise, depends upon the desired fine particle size and the types of silica and
contaminant particles.- Preferably, the velocity of particle suspension 10 is appropriately
adjusted in order to achieve a bulk gas velocity within the vessel between about 5.0 to
about 20.0 feet per minute. The bulk gas velocity is the total gaseous flow of particle
suspension 10 in cubic feet per minute divided by the cross sectional area of vessel 12.
Most preferably, the bulk gas velocity within the vessel is between about 9.0 to about
14.0 feet per minute.

Particle suspension 10 enters vessel 12 through inlet 13, where it is directed into
impingement plate 20. After impact with impingement plate 20, particle suspension 10
is uniformly distributed within vessel 12. As is known to those skilled in the art, the
heavy, coarse contaminant particles will exhibit a relatively faster settling velocity than
the fine, low density, fumed silica particles, and settle to bottom portion 15. The fumed
silica particles will rise to top portion 14 with the carrier gas, where they are removed
through top discharge outlet 16, forming the fine particle stream 30. Stream 30 typically
includes between 0 to 25 PPM contaminant particles, with a mean of about 5 PPM.
Meanwhile, the contaminant particles, as well as a small amount of residual fumed
silica, are periodically removed through bottom discharge outlet 17, forming the
contaminant and residual particle stream 32.

Impingement plate 20 is arranged within vessel 12 at a predetermined angle of
between about 0° to about 90°, relative to the central axis of vessel 12 such that particle
suspension 10 will impact a large portion of plate 20. Plate 20 is sized, in any planar
geometric shape, larger than the cross-sectional diameter of inlet 13 and the incoming
particle suspension 10. Plate 20 is typically held within vessel 12 with a plate rod 22,
which provides for operator adjustment of the distance of plate 20 from inlet 13 from
the exterior of the vessel. Other methods of mounting plate 20 within vessel 12 include,
but are not limited to, adjustable or fixed braces or welding.

Referring to FIGS. 1, 2A and 2B, impingement plate 20 is shown in various

positions with vessel 12. As noted above, impingement plate 20 is arranged within

- vessel 12 at a predetermined angle, depending upon the particle sizes and flow rates of

the incoming particle suspension 10. FIG. 1 illustrates a vertical impingement plate 20,
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angled at 0o relative to the central axis of vessel 12, attached to plate rod 22. The
particle suspension 10 is perpendicularly directed into impingement plate 20, which
uniformly distributes particle suspension 10 within vessel 12 (not shown).

FIG. 2A illustrates an alternative arrangement of impingement 20. Plate 20 is
attached to a wall of vessel 12, above inlet 13, and is angled downwardly such that the
incoming particle suspension 10 is directed into bottom portion 15, wherein it is
uniformly distributed prior to the settling of the heavier, coarser contaminant particles.

FIG. 2B illustrates an alternative method of introducing the particle suspension
10 into vessel 12, as well as arranging impingement plate 20. A directing conduit, or
tube 26 is used to direct particle suspension 10 into the horizontally positioned
impingement plate 20. As noted above, impingement plate 20 may be mounted within
vessel 12 in any manner known to those skilled in the art. The particle suspension is
uniformly distributed in bottom portion 15 after impact with plate 20.

Referring now to FIG. 3, there is illustrated an alternative embodiment of the
present invention. The contaminant and residual fine particle stream 32, produced as
described above, is introduced into a classifier 40, wherein residual fine particles, such
as fumed silica, which have settled with the contaminant particles in vessel 12 are
separated from the contaminant particles. Classifier 40 may be a non-mechanical or a
mechanical type classifier. A non-mechanical type classifier, such as a cyclone
separator, is preferred because of the relative low cost of installation, operatibn and
maintenance. As is known in the art, a cyclone separator operates by introducing a
particle-laden gas into a cylindrical or conical chamber tangentially. The heavier and
coarser contaminant particles will be discharged through a central bottom discharge
outlet, while the lighter, fine particles, such as fumed silica, will exit through the top
gas discharge outlet.

As shown in FIG. 3, the residual fine particle stream 42 is recycled to veséel 12,
with particle suspension 10, into inlet 13. The overall process within vessel 12 as
described above, is repeated as the recycle stream 42 and particle suspension 10 impact
impingement plate 20. The particles are uniformly dispersed within vessel 12, where
the contaminant particles settle and are removed through bottom discharge outlet 17,

while the fine particles rise and are removed through top discharge outlet 16. The
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contaminant discharge stream 44 leaves classifier 40 through the central bottom
discharge outlet, and is fed into a holding tank 46 where it is accumulated before being
disposed through disposal stream 48.

As is illustrated above, the present invention teaches an improved method for
separating fine particles from contaminant particles in a gaseous medium. By utilizing
a system with no moving parts, it provides for a cost effective and efficient
contamination removal process which is relatively insensitive to incoming velocities and
varying contaminant levels. Finally, the present invention allows for operating
flexibility, a low pressure drop, and a lower solids, i.e. fine particle, loss relative to
conventional classification.

Although particular embodiments of the invention have been described in detail
for purposes of illustration, various modifications may be made without departing from

the spirit and scope of the present invention.

What is claimed is:
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1. A method for separating fumed silica having a nominal particle diameter
of less than about 45.0 microns from contaminant particles suspended in a gas stream
comprising:

5 introducing said gas stream at a predetermined velocity into a vessel having a top
and bottom portion, each said portion having a discharge outlet;

directing said gas stream into an impingement plate, said plate arranged within
said vessel at a predetermined angle, said angle being such that said gas stream is
uniformly distributed within said vessel after impact with said plate;

10 wherein said fumed silica will rise to said vessel top portion, and said
contaminant particles and residual fumed silica will settle to said vessel bottom portion;
removing said fumed silica through said top discharge outlet; and

removing said contaminant particles and residual fumed silica through said bottom

discharge outlet.

15 2. The method of claim 1 further comprising the step of:
introducing said contaminant particles and residual fumed silica to a classifier to
separate said residual fumed silica which settled with said contaminant particles in said
vessel;

recycling said residual fumed silica to said vessel; and

20 discharging said contaminant particles.
3. The method of claim 2 wherein said classifier is a rotary classifier.
4, The method of claim 1 wherein said fumed silica has a nominal particle

diameter of between about 1.0 to about 45.0 microns.

25 5. The method of claim 1 wherein said fumed silica has a bulk density of less
than about 10.0 lbs/ft’.
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6. The method of claim 5 wherein the fumed silica has a bulk density of less
than about 5.0 lbs/ft’.
7. The method of claim 1 wherein said fumed silica and said contaminant

particles are suspended in a dilute phase gas stream.

8. The method of claim 1 wherein said fumed silica and said contaminant

particles are suspended in a dense phase gas stream.

9. The method of claim 7 wherein said gas stream has a bulk velocity within

said vessel between about 5.0 to about 20.0 feet per minute.

10. . The method of claim 8 wherein said gas stream has a bulk velocity within

said vessel between about 5.0 to about 20.0 feet per minute.

11.  The method of claim 9 wherein the bulk velocity within said vessel is

between about 9.0 to about 14.0 feet per minute.

12.  The method of claim 10 wherein the bulk velocity within said vessel is

between atout 9.0 to about 14.0 feet per minute.

13.  The method of claim 1 wherein said impingement plate is arranged within
said vessel at a predetermined angle of between 0° to 90° relative to the central axis of

said vessel.

14. A system for separating fumed silica particles from contaminant particles
suspended in a gaseous medium comprising:

. a means for transporting said particle suspension at a predetermined velocity into

a vessel, said vessel having a top and bottom portion, each said portion having a

discharge outlet;
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an impingement plate arranged within said vessel at a predetermined angle, said

angle being such that said particle suspension is uniformly distributed within said vessel

after impact with said plate;
a means for removing said fumed silica particles through said top discharge

5 outlet; and
a means for removing residual fumed silica particles and said contaminant

particles through said bottom discharge outlet.

15.  The system of claim 14 further comprising:
a classifier means having first and second discharge outlets;
10 a means for directing sald contaminant particles into said classifier;
a means for recycling said residual fine particles into said vessel; and

a means for discharging said contaminant particles.
16.  The system of claim 15 wherein said classifier is a rotary classifier.

17.  The system of claim 14 wherein said impingement plate is arranged within

15  said vessel at a predetermined angel of between 0° to 90° relative to the central axis of

said vessel.
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