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SEPARATING DEVICE FOR CAPTURING FINE PARTICLES FORMED DURING
OPERATION OF FLUIDIZED BED REACTORS
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During operation of fluidized bed reactors, problems associated with capture of catalyst dust particles
from the exhaust gases are encountered. A design of the separating device having arcuate components is
proposed for their solution. It is shown that the ascending gas flow significantly reduces particle capture
efficiency because of repeated entrainment of the separated particles. Three types of separation grids
were considered for degrading the descending and ascending gas flows. It was found that it is necessary
to use separation grids not only for effective channeling of trapped particles into the device bin without
formation of “dead” zones, but also for generating resistance to movement of the ascending gas flow.
Most effective is the grid made of longitudinal and cross V-shaped plates. The optimum gas velocity in
the inlet of separating device having arcuate components is 1 m/sec, which ensures minimum abrasion
wear of the structural components of the separating device in the operation process. The particle capture
efficiency is 88.6% and hydraulic resistance is 43.9 Pa.

Keywords: separating device, particle capture, fluidized bed, catalyst dust, separation grid, capture effi-
ciency.

Fluidized bed reactors used widely in chemical industry (for example, for heterogeneous catalytic reactions)
are characterized by high phase contact intensity and high heat exchange efficiency. However, due to intense
movement and mixing of the fluidized bed, catalyst particles are submitted to high mechanical stresses because
of collisions between the particles and with the apparatus wall [1].

The abrasion process depends on many factors (properties of the particles, fluidization conditions, structure
of the fluidized bed, etc.) [2, 3], so the hydrodynamics of the bed changes with time [4, 5].

The main consequence of abrasion of fluidized bed particles is formation of finely divided particles en-
trained from the reactor by the gas flow, which reduces the catalyst reserve and the reactor operation efficiency.
Replacement of the abraded catalyst is one of the major operating costs [6]. Also, entrainment of the formed
dusts by the outgoing gases affects the operation of the successive units: efficiency of their operation decreases,
erosion wear of the equipment mechanisms increases, processes of corrosion of metals intensifies, dust entrain-
ment increases air pollution and, in certain concentrations, affects health of people.

Dust catchers, among which the most popular are cyclones, prevent catalyst loss with emissions of exhaust
gases to the atmosphere and return catalyst to the fluidized bed [7]. In most cases, the size of catalyst parti-
cles in the fluidized bed ranges from 10 to 100 um initially [8], but considerable amounts of particles with siz-
es <20 um are lost from the cyclones. The low effectiveness of separation of fine particles in cyclones is ex-
plained by the fact that the hydrodynamic resistance force in this case is much greater than centrifugal force [9].
Because of this, studies and development of new dust-catching devices are important for enhancing efficiency of
cleaning gases from fine catalyst particles.
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Fig. 1. Three-dimensional model of separating device with arcuate components (view with local section): 7 — inlet pipe; 2 — arcuate
components; 3 — housing; 4 — separation grid; 5 — longitudinal plates; 6 — cross V-shaped plates; 7 — bin; § — outlet pipe.
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Fig. 2. Schematic diagram of gas flow structure (at entry rate of 1 m/sec) in separating device having arcuate component under sym-
metry condition (longitudinal section).

For catching fine particles from gas streams, a separating device with arcuate components is proposed
(Fig. 1). The main units of the structure are arcuate components 2 placed in the housing 3 and inset into the sep-
aration grid 4.

In previous studies [10, 11] it was found that the hydraulic resistance of this device is less than the hydraulic
resistance of cyclone separator.

Principle of Operation of the Proposed Separating Device. The dust-laden gas stream, when fed into the
device (through the inlet pipe /) strikes the arcuate components 2 located in the separating device in checkered
order [12, 13], due to which a wavy gas flow structure is formed (Fig. 2).

The diameter of the arcuate components is relatively small, so the gas turning radius is also small (because
these two parameters are equal). As a result, the centrifugal forces acting on the solid particles in the flow are
high when the dust-laden gas moves. Another important force acting on the particles is gravitational force.
Thus, under the action of these forces the particles are “forced out” of the flow when the flow lines twist and
shift toward the arcuate components 2 (Fig. 1) and the particles rebound and fall into the stagnant zones with
near-zero gas flow velocities (inside the arcuate components and immediately after them, Fig. 2) upon contact
with the surface of the components 2. The particles settle in the separator bin 7 gradually (Fig. 1). After contact
with the arcuate components 2, a relatively small fraction of the particles rebounds to the moving wavy gas flow
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Fig. 3. Schematic diagram of separation grids (longitudinal section): (a) — honeycomb grid made of longitudinal and cross plates;
(b) — of longitudinal and V-shaped plates; (c) — of longitudinal and V-shaped plates with perforated bottom.

and is carried away by the flow in the direction of the next rows of arcuate components 2, whereupon the proba-
bility of entrainment of particles from the separator diminishes. The cleaned gas comes out through the outlet
pipe 8. The separation grid 4 in the bottom section of the separators is provided for degrading the ascending
“parasite” gas stream formed when the gas flows around the arcuate components 2 from the bottom upward.
Some of the particles entering the space under the arcuate components are carried away by gas streams “slip-
ping” from the bottom. These streams decrease significantly when V-shaped plates are installed, whereupon the
separation efficiency of the device increases. Separation grid 4 consists of longitudinal plates 5 and cross
V-shaped plates 6 (Fig. 1) relative to the gas stream direction, longitudinal plates 5 acting as stiffening ribs.

All the arcuate components 2 inserted into the plates 5 to a fixed depth, which prevents shakiness of the
plates during separator operation. The V-shaped plates 6 are so installed relative to each other that small slots
(up to 10 mm in size) intended for particle delivery to the bin are formed in the lower part of plates (Fig. 1).
Formation of small slots is necessary also for degrading the ascending gas stream. Small straight plates directed
toward the inner wall of the separator housing are welded in the lower part of the first and last V-shaped plates to
prevent formation of the descending and ascending gas flows, respectively.

In this case, between housing 3 and the plate directed to the V-shaped plate 6 there is a slot (up to 10 mm
in width) perpendicular to the gas flow direction for preventing “dead” zones where particles may accumu-
late (Fig. 3b).

The distance between the rows of arcuate components / [m] is determined by the equation /= +/ 0.75d
(where d,] — diameter of the line passing through the middle of the wall of the arcuate components, m), which
was obtained by theoretical calculations.

It was shown earlier [12] that separator efficiency diminishes because of “parasite” flows, which leads to re-
turn of particles back to the structured gas stream after separation of particles. One of the effective solutions for
eliminating parasite ascending flows is application of separation grids.
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Fig. 4. Dependence of solid particles capture efficiency of separating device having honeycomb grid and arcuate components on parti-
cle diameter and gas velocity at inlet (bottom section of grid covered by plate with particle adhesion condition): I — W =
1 m/sec; 2— W=3m/sec; 3— W="Tm/sec.

The goal of this work was to study the influence of the design of the separation grid of the device having ar-
cuate components on the solid particle catching efficiency.

Three main types of separation grids were investigated: honeycomb grid made of longitudinal and cross
plates (Fig. 3a), of longitudinal and cross V-shaped plates (Fig. 3b), and of longitudinal and cross plates with
continuous perforated bottom (Fig. 3c¢).

In Fig. 3, the local section of various separation grids is made at a specified depth, at which longitudinal
plates are not visible because in all the proposed designs the longitudinal plates are similar and they act as
strengthening ribs.

Several three-dimensional models of separator having different grids were constructed for studies by the
method of numerical model using Ansys Fluent.

The key dimensions of the three-dimensional model of separating devices having arcuate components are:
diameter of the middle line of the arcuate components dy,; — 52.5 mm; thickness of the components —
4.5 mm; thickness of the plates of the separation grid — 2 mm; number of rows of arcuate components — 12.

The separation efficiency of the device was calculated by the equation E =1 — Goy/Gin (Where Goyy,
Gi, — mass particle flow rates at the device outlet and inlet, g/sec).

During the studies, we varied the gas flow rate W at the separator inlet (from 1 to 7 m/sec), particle size a
(from 10 to 170 pm), and particle flow rate Gj, (from 3.3 to 39.3 g/sec). The particle density p, during the
studies was taken as 3400 kg/m3 . It was determined earlier [11] that in iso-paraffin dehydrogenation processes
(using Al-Cr catalyst) the size of more than 98% of particles in the fluidized bed ranges from 25 to 100 um.

In case of numerical modeling, in order to simplify, the symmetry condition was adopted because along the
device width the geometry of the arcuate components and of the separation grids does not change.

Note that while determining the optimum gas flow velocity at the inlet (Fig. 4) the return flows from the
separation grid side was ignored, i.e., in the model the bottom section of the grid was covered by the plate and
the condition of particle adhesion was assigned to it (assuming that the return “parasite” flows that affect particle
entrainment will be eliminated).

From the modeling results (Figs. 4 and 5) it was concluded that technological parameters and design of
separation grid significantly affect the process of solid particle capture in a separating device with arcuate com-
ponents.

While varying the dust-laden gas flow velocity at the device inlet (1-7 m/sec) it was found that the opti-
mum velocity is 1 m/sec because it ensures high particle catching efficiency (86.2% on average). With increase
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Fig. 5. Dependence of efficiency of solid particle capture by separating device having arcuate components on particle diameter a. Grid
design: / — honeycomb from longitudinal and cross plates; 2 — from longitudinal and cross V-shaped plates; 3 — from lon-
gitudinal and cross plates with perforated bottom.

of the dust-laden gas flow velocity at the device inlet the capture efficiency decreases (average for 10—170 um
particles) because the centrifugal force acting on the particles in the gas flow intensifies, i.e., the particles are
knocked out with great force from the flow structure (particle pulse in this case is high). As a result, the particle
hit the wall of the arcuate components and bounce back to the moving dusty gas flow, i.e., the particles do not
fall into the stagnant zones with near-zero velocities (inside the arcuate components and immediately after them)
and fail to settle in the bin.

From the data in Fig. 4 it follows that the higher the velocity of the dust-laden gas flow, the lower the effi-
ciency of capture of particles larger than 30 um. High dusty gas flow velocity at the device inlet provides the
possibility of catching finely dispersed particles (size less than 20 wm) with a high efficiency. However, the dis-
persity of the major fraction of the particles in the studied gas flow is 25-100 pum), so it is advisable to adjust the
velocity of gas -laden gas supply into the separating device, taking account of the characteristics of the dust and
the particle size. On the other hand, low flow entry velocity may ensure low hydraulic resistance of the separat-
ing device and low intensity of abrasion wear of arcuate components.

The efficiencies of separating device having arcuate components are, on average, 86.2, 82.5, and 68.9%
at inlet dust-laden gas velocities of 1, 3, and 7 m/sec, respectively.

Note that observation of minimums on the efficiency curve (Fig. 4) is generally interpreted as an indication
of agglomeration of particles, but presence of agglomeration in the device does not guarantee presence of mini-
mums on the curve.

From the separating grid design point, grid made of longitudinal and cross V-shaped plates (Fig. 3b) is most
efficient (average efficiency 88.6% 9 (Fig. 5).

On the one hand, the adjacent V-shaped plates (between vertices of which channels narrowed from the top
down are formed) are guiding for channeling particle separated from the dust-laden gas flow into the device bin.

On the other hand, use of V-shaped plates precludes formation of “dead” zones, where particles may accu-
mulate, which may lead to entrainment of particles from the device or clogging of the whole separating grid.

Furthermore, significant head resistance to movement of “parasite” ascending gas flow develops in the
channels between the V-shaped plates.

Separating grid made of longitudinal and cross plates with perforated bottom (Fig. 3¢) also ensures high ef-
ficiency of the separating device (average 88.5%, Fig. 5).

A large part of the flow passage in the lower section of the separating grid is closed by the bottom with
holes, so formation of descending flow is ruled out.
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Fig. 6. Dependence of solid particle capture efficiency of separating device having arcuate components and honeycomb grid on particle
diameter a with covering of specific rows of square outlet cells: 7 — all cells open (Fig. 3a); 2 — first and twelfth rows cov-
ered; 3 — first, eleventh, and twelfth rows covered; 4 — first, second, eleventh, and twelfth rows covered.

Holes with a small diameter in the separating grid bottom (Fig. 3¢) ensure the same key function as the
channels between the adjacent V-shaped plates (Fig. 3b), i.e., a part of the section for passage of the gas bearing
the particles for degradation of “parasite” ascending flow is covered, but a demerit of the separating grid made
of longitudinal and cross plates having a perforated bottom is formation of a multitude of “dead” zones (for ex-
ample, at the junctions of the arcuate components and the surface of the bottom without holes) where (with
a high probability) particles may accumulate. The efficiency of the separating device is the minimum (65.6% on
average, Fig. 5) when honeycomb separating grid is used (Fig. 3a). The separating grid is open at the bottom, so
there is no hindrance to formation of descending gas flow in the region of the first rows of arcuate components
and of ascending gas flow in the region of the last rows of arcuate components.

As the ascending gas flow circumvents the separating grid, separated particles are picked up and carried
away from the bottom and fall into the bin.

A row of cells of the separating grid (the so-called honeycomb), through which both descending and ascend-
ing flow may pass, corresponds to each of the 12 rows of arcuate components in the device. During the study of
the distribution of gas flows through these cells, the following was established: the main descending gas flow
passes through the first, second, and third rows; the ascending gas flow is more prominent in the tenth, eleventh,
and twelfth rows of cells; passage of descending and ascending gas flow is minimum through the 4th_oth rows of
cells.

For degrading parasite descending and ascending flows in the lower part of the separating grids, some cavi-
ties were covered by straight plates welded to cross plates (like the plates welded to the first and last V-shaped
plates of the grid in Fig. 3b). For this, slots up to 10 mm in size were provided to prevent clogging of the cavi-
ties by particles.

From the modeling results (Fig. 6) it was concluded that covering of the first, second, eleventh, and twelfth
rows ensures degradation of the main descending and ascending flows, whereupon the efficiency of the device
increases by 1.3 times.

It was also found that covering (as a minimum) of the first and twelfth rows is essential for a significant in-
crease of efficiency.

The hydraulic resistance of a separating device having arcuate components at gas-laden flow entry velocity
of 1 m/sec is 57.2 Pa when honeycomb separating grid made of longitudinal and cross plates are used, is 43.9 Pa
when grid made of longitudinal and cross V-shaped plates are used, and 94.5 Pa when grid made of longitudinal
and cross plates with a perforated bottom are used.
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The efficiency of the separating device having arcuate components for capturing 25—-100 pum particles is on
average 67.3% when honeycomb separating grid made of longitudinal and cross plates are used, 97.2% when
grid made of longitudinal and cross V-shaped plates are used, and 97.1% when grid made of longitudinal and
transverse/cross plates with a perforated bottom are used (Fig. 5).

Depending on the covering of cells (Fig. 6), the efficiency of a separating device having arcuate components
is on average 65.6% (all cells open), 86.1% (first and twelfth rows of cells closed), 86.2% first, eleventh, and
twelfth cells are closed), and 84.9% (first, second, eleventh and twelfth rows of cells closed.

Thus, parasite ascending gas flow in the bottom part of the separating device having arcuate components
significantly affects the particle capture efficiency.

Installation of a separating grid in the housing of the device greatly levels out the parasite descending and
ascending flows, which ensures considerable improvement of the device efficiency.

However, for this, it is necessary to select the separating grid design judiciously ensuring not only the effi-
ciency of pouring of captured particles into the bin of the device (without formation of “dead” zones where par-
ticles may accumulate), but also to create resistance to the movement of the ascending gas flow.

CONCLUSIONS

A separating device having arcuate components (with different types of separating grid) has been developed
for capturing fine particles from gas flows.

Based on the modeling results, the optimum gas flow velocity at the inlet of the separating device having
arcuate components is 1 m/sec.

Entrainment of captured particles can be reduced and the efficiency of the device can be improved signifi-
cantly by degrading the descending and ascending gas flows using separating grids in the bottom section of
the device.

The most effective is separating grid from longitudinal and cross V-shaped plates. The efficiency of sepa-
rating device with such grid is on average 88.6%.

The hydraulic resistance of the separating device with grid from longitudinal and cross V-shaped plates
is 43.9 Pa.

The main advantages of separating device having arcuate components are high efficiency of particle capture
at relatively low gas velocity, low hydraulic resistance, and long service life (due to weak abrasion wear of the
structural components of the separator).

The study was conducted with the financial support of the stipend SP—3577.2002.1 from the President of the
Russian Federation to young under-graduate and post-graduate students.
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