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GRANULAR FILTRATION IN FLUIDIZED-BED

Joseph. S. Mei, Paul C. Yue, and John S. Halow

U.S. Department of Energy

Morgantown Energy Technology Center
Morgantown, West virginia 26507-0880

ABSTRACT

Successful development of advanced r‘oal-ﬁ red power conver-
sion systems often require reliable and efficient cleanup devices
which can remove particulate and gaseous pollutants from high-
temperature high-pressure gas streams. A novet filtration concept
for particuiate cleanup has been developed at the Morgantown
Energy Technology Center (METC) of the U.S. Department. of
Energy. The filtration system consists of a fine metal screen filier
immersed in a fluidized bed of granular material. As the gas
stream passes through the fluidized bed, a layer of the bed granu-
lar material is entrained and deposited at the screen surface. This
material provides a natural granular filter to separate fine particles
from the gas stream passing through the bed. Since the filtering
media is the granular material supplied by the fluidized bed, the
filter is not subjected to blinding like candle filiers. Because only
the in-flowing gas, not fine particle cohesive forces, maintains the
granular layer at the screen surface, once the thickness and
permeability of the granular layer is stabilized, it remains
unchangeD as long as the in-flowing gas flow rate remains con-
stant. The weight of the particles and the turbulent nature of the
fluidized bed limits the thickness of the granular layer on the filter
leading to a self-cleaning attribute of the filter. . Filtration per-
formance of the filter was first reported at the 12th International
Conference on Fluidized-Bed Combustion, which the filtration
system was operating only at a batch mode. This paper presents
work since then on a continuous filtration system.

The continuous filtration testing system consisted of a filter, a
two-dimensional fluidized-bed, a continuous powder feeder, a
laser-based in-line particle counting, sizing, and velocimeter

(PCSV), and a continuous solids feeding/bed material withdrawal
system. The two-dimensional, transparent fluidized-bed allowed
clear observation of the general fluidized state of the granular
material and the conditions under which fines are captured by the

granulat layer. A-series of experiments were conducied at varicus

ranges of operating conditions with two different bed materials:
a 30 x 270-mesh acrylic powder with particle density of 1.1 gm/cc
aud 2 40 x 27C-mesh Millwcod sand, which has particle density
of 2.5 gm/cc. During the experiments, fine sand (less than
100 microns) was fed continuously to the bed through the powder

. feeder at a constant rate of 3.8 gim/min {0.5 Ib/hr). Bed material

and captured fine" pamclcs were withdrawn continuously thirough
an overflow tbe. In ‘order to maintain a constant bed’ level,
makeup bed material was aiso fed coatinuously through a non-
mechanical valve to the bottom of the fluidized bed. Performance
of this granular filtration system was measured by the PCSV at
downstream of the filter.

High filtration performance was measured when lower density
powder was used as bed material. Collection efficiencies over
99 percent were obtained with this bed material in .a-continuous
flow mode. Low filtration performance was experienced with .
heavier bed material. The low filtration performance with this
material may be attributed to the failure of maintaining a suffi-
ciently thick granular layer at the screen filter surface. Filtration
performance as a function of .particle size -distribution and the
pressure drop across the granular filter are also discussed in this

paper. -

INTRODUCTION

Successful development of advanced coal fired power conver-
sion systems often requires reliable and efficient gas-stream-
cleanup devices that can remove particulate and gaseous pollutants
from high temperature and high pressure gas streams. A novel
filtration concept, fluidized-bed granular filtration, for particulate
cleanup has been developed at the Morgantown Energy Tech-
nology Center (METC).. The fluidized-bed granular filter consists




of a fine screened surface immersed in a fluidized bed of granular
material. As the gas stream passes through the fluidized bed, a
layer of fine granular material is deposited and packed at the
screen surface, which provides a natural filter to separate the fine
particles from the gas stream. Since the filtering media is the
granular material supplied by the fluidized bed, the filter is not
subjected to blinding. Cleaning the filter (if necessary) is much
easier than with a ceramic filter because only the inflowing gas
maintains the filter media at the screen surface. Therefore, the
screen surface can be readily cleaned by momentarily interrupting
the gas flow. The primary objective of this project is to demon-
strate the technical feasibility of the fluidized-bed granular
filtration concept. The specific goals of this project include the
following objectives:

* Design, construct, and operate a cold flow model to obtain
engineering data which include filtration performance and
system operability for the future design of hot model.

* Design and demonstrate the technical feasibility of the
fluidized-bed granular filtration concept in a hot model.

" PROJECT DESCRIPTION : - -

Concept Description
A fluidized-bed granular filtration system, shown in Figure 1,

generally consists of a metal screen filter supported by a per--

forated tube immersed in a fluidized bed. The bed material is
entrained by a gas to form'a granular layer of bed particles at the

surface of the filters. The formaticn and maintenance of this tayer

of bed perticles is the essential feature of the- fluidized-bed-
granular filter concept. This deposited layer of particles creates
a filtration medium (much like a granular-bed filter) that is
capable of removing fine particles from the gas stream. This
method of filtration combines the advantages of both granular-bed
filters and porous, ceramic filters. Because the actual filtration
media is bed particles, ithe fluidized-bed granuiar filter is not
subject to blinding like ceramic filters. Cleaning is also easier.
In the fluidized-bed granular filter, oaly in-flowing gas maintains
the filter media. Thus, the filter can be readily cleaned by
momentarily interrupting the gas flow. The filter may in fact be
self cleaning since the buildup of fine material reduces the gas
flow. This eliminates the force holding the particles to the screen
and causes the excess of bed particles and collected fines to fall
from the granular layer into the bed. Furthermore, the fluidized
bed also provides turbulent motion for scouring and cleaning of
the filter surface.

Experimental Test Facility and Operation

The cold model of a fluidized-bed granular filtration system is
shown schematically in Figure 2. The model is a two-dimensional
fluidized bed with a vertical, metal-screen filter arrangement. The
fluidized bed is 12 inches wide, 1.5 inches thick, and 36 inches
high.

The two-dimensional fluidized-bed consists of a freeboard sec-
tion, a fluidized bed section, and an air plenum chamber. Both
the freeboard and fluidized bed section are made of four 14-inch
by 18 3/4-inch aluminum section. Each section has a 12 1/2-inch
by 18-inch clear Lexan window so the behavior.of the bed can be
observed through the transparent front and back walls. This
allowed observation of the general fluidized state of the bed and
the conditions under which a particle layer is formed. In tests
where a fine dust was added to the bed, the collection of fine dust
by this particle layer can also be observed. The fluidized bed is
separated from the plenum chamber by an air distributor, which
consists of a 200-mesh metal screen sandwiched between two
1/8-inch thick rectangular stainless-steel plates that are drilled
with 1/8-inch nozzles. The 12-inch by 1 1/2-inch by 12-inch
plenum is made of 1/8-inch thick stainless steel and serves as the
fluidizing air header and also circumvent any preferential air flow
to the air distributor.

A single, vertical, screen filter element is inserted into the bed.

The filter element, shown in Figure 3, consists of a l-inch by -

1-inch square tube perforated on two opposite sides of the square
tube. The filter is entirely enclosed with a 100-mesh (149 micro-
meter) fine metal screen. The total opening area in the perforated -

. square tubé is 0.615 f2. One end (the bottom} of the square tube . -

is closed. The othizr end of the square tabe is open and is welded
to a 3/4-inch diameter, 8-inch long stainless steel threaded tube. -
The filter element is suspended from the top flange. The distance
between the bottom of the filter element to the gas distributor can
be varied from zero to a maximum of 6 inches by positioning the
filter element at different heights. Gas flows into the bed through
a gas distributor and exits the bed through the metal-screen and
the holes in the two sides of the filter elemeni. -

Bed riraterial of two different densities was used in the experi-
ments: 30 x 270 mesh acrylic powder with particle density of
1.10 g/cm® and -40 mesh sands with particle density of 2.5 gm/
cm®. During the operation, 3.8 gm/min (0.5 pounds/hr) of fine
sands, which is less than 100 micrometers were continuously fed
through a powder feeder into the botiom of the fluidized bed.
The powder feeder consists basicallv of a stainless stee! canister
mounted upon a vibrating unit. A miniature, variable-speed screw
conveyor in the bottoin of the canister carries the powder o a
mixing carburetor where the powder is entrained by the carrier
gas. The powder feeder is rated for operation up to 100 psig
pressure and is able to feed 0.5 to 5 pounds of fines per hour.
Coarse bed material (either acrylic powder or sand) was fed
continuously into the bottom of the fluidized bed through a non-
mechanical "L" valve. In-order to maintain a constant bed level,
the same amount of bed material and fines were withdrawn con-
tinuously from the fluidized bed through an overflow tube to a
loop seal. These coarse bed material and fines were, then,
transported to a solid collection vessel for reuse or disposal.

Pressure transmitters were used to measure the pressure differen-
tials as well as to characterize the hydrodynamics of the fluidized-
bed filtration process. As illustrated in Figure 4, three high-speed
(125 samples/sec) differential pressure transmitters were used.
The PDT-57 transmitter measured the pressure differentials and




the differential pressure fluctuations across a 4-inch bed.  The
. differential pressure drops and the differential pressure fluctuation
across the fluidized bed were measured with transmitter PDT-58.
PDT-59 transmitter measured pressure drops across the entire sys-
tem, which included pressure drops across both the fluidized bed
and the filter element.

Solid loading in the gas stream was measured downstream of the
filter element with a Particle Counter-Sizer-Velocimeter (PCSV),
which was an on-line, laser-based particle monitor. The PCSV
operates on the principle that the light scattered by single particles
moving through the sample volume of a focussed high intensity
laser beam. The PCSV is capable of sizing particles from
0.2 micrometers to 200 micrometers.

RESULTS AND DISCUSSION

In order to demonstrate the technical feasibility of the fluidized-
bed granular filtration concept, a two-dimensional cold model was
designed and constructed. During the initial phase of the explora-
tory testing (the purpose of these tests is to determine the repro-
ducibility in performance data as well as to explore the iimitations
of the system), it 'was found that the density of the bed material

~is critical to the formatron of the granular layer ai the surface of -

* the filter élement ‘and, thus- affecting the performénce of ‘the
granular filtraticn in fluidized bed. Two différent bed materials,
acrylic powder and sand were chosen to investigate the effect of
bed material density on granular filtration performance.

Figure 5 shows the granufar filtration performance in the
fluidized-bed at the operating conditions listed below, The PCSV
measured cumulative size distributions of dust loadings down-
stream from the filter element at different data méasuring periods
are plotted against particle size in this figure. The data measuring
period is defined by the preset total particle counts. on the PCSV
(in the present case the preset number of particle counts is 5,000).
In this test, dust penetrated through the filter element reaching a
high concentration ranging from 4.2 x 10° particles per cm’ to 1.1
x 10° particles per cm®. Visual observation through the Lexan
windows showed that filter surface immersed in the fluidized bed
was clean and very little bed material was held against the screen.
The heavy bed material and its vigorous scouring motion pre-
vented deposition of fine particles on the surface of the filter
element. Without the proper thickness of a granular layer as fil-
tration media, particles smaller than the screen size eventually
penetrate through the filter element and escape. The poor filtra-
tion performance, therefore, is primarily attributed to the failure
to maintain a granular layer, that is, keeping sufficient filtration
media at the surface of the filter element.

TABLE 1. EXPERIMENTAL CONDITIONS FOR
TEST NO. 8505

Bed Material: Millwood Sands

Bed Material Size: 420 x O micron

Fines: Millwood Fine Sands

Fine Sand Size: < 100 micron

Fine Sand Feed Rate: 3.8 gm/min (0.5 Ib/hr)

Distance to Filter: 0.152 m (6 inches)

Static Bed Height: 0.254 m (10 inches)

Gas Flow Rate: 3.68 and 6.51 m’hr (130 and 230 scfh)

It is also of interest to show that 90 percent of the particles
which penetrated the filter element were fines with have sizes less
than 3 microns. Table 2 shows that only 0.1 percent of large par-
ticles having sizes between 40 to 149 micrometers were able to
penetrate through the filter element. This suggests that a very thin
granular layer may still deposit at the surface. As a result, void
spaces in the granular layer have been reduced. As a particle
appreaches the thin granular layer, it will cither strike one or more
surface particles or enter a void space. If the particle is larger

- than the void it attempﬁs to enter, the partlcle will be "sieved" out.~

The reduction- of void .size - in- the thin granular. 1ayer, fnus
"sieved” out most .of the particles, having sizes larger than
40 micrometers. If the particle is smaller than the void it enters,

it will continue traveling through the void until it touches the par-

ticle surface and adheres; or until the particie passes through the
void and the screen opening and exits on the clean air side of the
filter element. Particle penetration, therefore, depends both on the

thickness and. packing density or permeability of this granular . )

layer. Based on the sxpetimental data, the thin granular layer
formed with the heavy sand particles at the surface of the filter
element does not provide sufficient thickness and packing density
to filter out the fine particles. As a consequence, large amount of
fine particles can still penetrate through the thin granular layer -
deposited at the surface of the filter element.

TABLE 2. CUMULATIVE NUMBER CONCENTRATION
FOR TEST NO. S§S05, DATA COLLECTION

PERICD N04

% Diameter Cum Numb Conc
99.90 0.50 1.1E+05
99.00 : 0.50 1.1E+05
90.00 ) 0.53 1.0E+05
-70.00 o 0.65 7.8E+05
50.00 0.79 5.6E+04
30.00 1.03 3.3E+04
10.00 222 1.1E+04
1.00 8.06 1.1E+03
0.10 37.08 1.1E+02




Figure 6 shows filtration performance under a different set of
operating conditions listed below. A major difference in experi-
mental conditions for Test SAQ6 is that lighter bed material was
used in this experiment. The acrylic powder has particle density
of 1.1 gm/cm® which is less than half of the density of the heavy
sand particles. Figure 6 shows the in-line PCSV measurements of
dust penetration through the filter element. Cumnlative particulate
concentration measured at down stream of the filter element was
plotted against particle sizes. Solid loadings in gas stream ranging
from 10 number per cm’ to 10° number per cm® were measured.
As can be seen from these data, the acrylic bed material provides
a much better filtration performance. The acrylic powder fluid-
ized bed, though provides certain turbulent motion for scouring
and cleaning, however, such motion is not sufficient to remove
the entire deposit layer (since the solid is much lighter and,
therefore, has less momentum to scour and clean the surface). A
fairly thick granular layer, approximately 2 cm thick can be main-
tained at the immersed filter suiface as this can clearly be
observed through the transparent windows. This deposit layer
provides sufficient thickness and high packing density in compari-

son to heavy bed material. As a consequence, the permeability of .

the deposit layer was iow, thus restri cting dust particle peneiration
: through -the loaded filter medla _ : ot .

TABLE 8. EXPERIMENTAL CONDITIONS FOR
TEST NO. SA06

Bed Material: Acrylic powder

Bed Material Size: 595 x 53 micron

Fines: Millwood fine Sands -

‘Fine Sand Size: < 100 micron '

Fine Sand Feed Rate: 3.8 gm/min (0.5 lb/hr)

Distance to Fiiter: 0.152 m (6 inches)

Static Bed Height: 0.352 m (10 inches)

Gas Flow Rate: 3.68 and 9.34 m’/hr (130 and 330 scfh)

The increase in particle penetration thergh the filter element
during data collection period NO3 may be attributed to the change
of quality of fluidization as more and more fine sand were added
to the bed. When the fiuidized bed saturated with fine sands, the

"bed density increases and the air can no longer evenly distribute
through the gas distributor. Instead, the air forms a center jet and
the chain of bubbles which-form at the top of the center jet

. impinge on the filter. This exerts a higher pressure on the lower
portion of the filter element and causes higher particle penetration
through the granular layer. As shown in Table 4, however, the
low permeability of the deposit layer for acrylic powder limited
the size of the largest particle that can penetrate to less than
33 micrometers and its total number of penetration through the
filter element to 0.1 percent.

Both the data from Test Nos. SS05 and SAQ6 were plotted in
Figure 7 in terms of particle loading in parts per million by
weight. For the heavy sand particles, the gas velocity was not
capable of maintaining a proper thickness of a granular layer,

TABLE 4. CUMULATIVE NUMBER CONCENTRATION
FOR TEST NO. SA06, DATA COLLECTION

PERIOD NO3

% Diameter Cum Numb Conc
99.90 0.66 9.4E+02
99.00 0.66 9.3E+02
90.00 0.70 8.5E+02
70.00 0.92 6.6E+02
50.00 1.47 4.7E+02
30.00 1.97 2.8E+02
10.00 2.86 9.4E+01

1.00 16.96 9.4E+00

0.10 32.98 9.4E-02

particles smaller than the metal screen opening penetrate through
the filter element. The rise in particle penetration through the
filter element with time is caused by the removal of the granular
layer. During Test SS05, a small amount of acrylic powder was
fed initially into the system prior to bed material. This was done

‘ to.deliberately deposit a layer of filter media on-the filter surface. ., : o
. It'was believe that such a layer could be maintained to provide _ -

good filtration performancn even when ‘heavy bed material is
added io the system later. However, these data show that the
turbulent motion of the heavy bed material removes the granular
layer of acrylic powder quickly and particle penetiation through
the filter element, thus, increases dramatically. For the acrylic
powder, however, filtration performance was improved and par-
ticle penetration was greatly reduced. from 106 to 8 ppmw. The
packing density and the thickness of the granular layer maintained
at the surface of the filter element was sutficient to provide high
filtration perfomance

Overall Filter collection efficiency was plotted for both heavy
and light bed materials in Figure 8. High filter collection effi-
ciencies, above 99 percent were obtained for acrylic bed material
in Test No. SA0S. Slightly lower efficiencies at higher gas
velocities, Test Period NO1 and NO3, are observed from these
data. Increasing gas velocity creates two counter effects on the
structure of the granular layer. [t increases the packing density in
the granular layer and as a consequence, lowered the permeability
and reduced particulate penetration through the granular layer.
However, higher gas velocity also exerts higher pressure to the

~ particles in the granular layer. The fine particles closed to the

metal screen become compressed and start passing through the
screen.

-

FUTURE WORK

Based on the preliminary data, the fluidized-bed granular filter
provides an alternative concept for particulate cleanup. The
fluidized-bed granular filtration concept offers a more reliable,
simpler, and economical particulate control system for hot gas-
stream cleanup. However, these preliminary data show that for




heavy bed material, the filtration performance suffers greatly due
to the faiture of maintaining a sufficiently thick granular layer at
the screen surface of the filter element. A modified metal screen
filter was tested in the two-dimensional fluidized bed cold model.
Preliminary filtration performance of this modified filter showed
high collection efficiency for both light and heavy bed materials.
However, no information is provided in this paper as patent appli-
cation for the modified filter is currently being filed. Future
activities in the program will concentrate on testing of this
modified filter in the fluidized-bed granular filtration cold model.

Metal Screen
Filter Element
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Inflowing e
C - GES sty

More specifically, the development of the granular layer at the
surface of the filter element and its influence on the quality of
fluidization, effect of filtration media on the structure of the
granular layer, and the behavior and holdup of fine dust in the bed
and in the granular layer will be studied in the two-dimensional
cold model as well as a three-dimensional cold model to be con-
structed next year. In addition, a two- to three-tube configuration
will also be explored. The purpose of this program is to provide
an optimum configuration for the future design of a hot fluidized-
bed granular filtration system.
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