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bstract

The performance of double-layered ceramic filters for aerosol filtration at high temperatures was evaluated in this work. The filtering structure
as composed of two layers: a thin granular membrane deposited on a reticulate ceramic support of high porosity. The goal was to minimize the
igh pressure drop inherent of granular structures, without decreasing their high collection efficiency for small particles. The reticulate support was
eveloped using the technique of ceramic replication of polyurethane foam substrates of 45 and 75 pores per inch (ppi). The filtering membrane
as prepared by depositing a thin layer of granular alumina–clay paste on one face of the support. Filters had their permeability and fractional

ollection efficiency analyzed for filtration of an airborne suspension of phosphatic rock in temperatures ranging from ambient to 700 ◦C. Results
evealed that collection efficiency decreased with gas temperature and was enhanced with filtration time. Also, the support layer influenced the
ollection efficiency: the 75 ppi support was more effective than the 45 ppi. Particle collection efficiency dropped considerably for particles below

�m in diameter. The maximum collection occurred for particle diameters of approximately 3 �m, and decreased again for diameters between
and 8 �m. Such trend was successfully represented by the proposed correlation, which is based on the classical mechanisms acting on particle

ollection. Inertial impaction seems to be the predominant collection mechanism, with particle bouncing/re-entrainment acting as detachment
echanisms.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Hot gas filtration has become increasingly important in
ogeneration plants employed to provide heat, electricity or
ower. In such technologies based on gasification, biomass com-
ustion and waste incineration processes, the flue gases must be
reviously cleaned to avoid damage to downstream equipments
r components and also to meet environmental regulations [1–3].

There are several technologies for conventional gas cleaning,
nd the correct choice depends on the features of the process
nd the nature of the pollutant. In hot-gas based plants, how-
ver, the hostile atmosphere that contains small particles and

requently toxicant gaseous components, restrains the available
ptions. Fabric filters and wet scrubbers demand the cooling of
he gaseous stream, making unfeasible the recovery of energy, in
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his case the major product of the process. Cyclones can with-
tand high temperatures and are relatively cheap and easy to
perate, but their particle collection efficiency is low for parti-
les smaller than 10 �m, hardly meeting the rigorous emission
egulations [4]. Electrostatic precipitators, on the other hand,
re very efficient for small particles and can operate at high
emperatures, but they are expensive and therefore unfeasible
or small-scale plants [2].

The ability to withstand temperatures above 500 ◦C with high
fficiency has made ceramic filters one of the most successful
echnologies for hot gas cleaning in the past 20 years. It has been
hown to be an interesting alternative for a number of applica-
ions. For example, in diesel particulate control, ceramic filters
oupled with carbon combustion catalysts have been success-
ully used [5–8]. Ceramic filters have also been used for hot gas

leaning in pressurized fluidized bed combustors [9–11] and in
ethanol and hydrogen production from biomass [12].
Ceramic filters for hot gas cleaning can be roughly divided

n two main categories according to the structure of their
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Nomenclature

A filter face area exposed to fluid flow (m2)
AS Happel’s parameter
D diffusion coefficient (m2/s)
dc mean collector size (m)
dp dust particle size (m)
Eover overall collection efficiency
Efrac fractional collection efficiency
FS Cunningham slip factor
G gravity acceleration (m/s2)
KB Boltzmann’s constant (kg m)/(s2 K)
K dimensionless parameter defined in Eq. (9)
k1 Darcian permeability constant (m2)
k2 non-Darcian permeability constant (m)
L filter thickness (m)
Mi mass of particles in a given size range sampled at

the filter entrance (kg)
Mo mass of particles in a given size range sampled at

the filter exit (kg)
Ni Number of particles in a given size range sampled

at the filter entrance
No Number of particles in a given size range sampled

at the filter exit
NPe Peclet’s number
NRe Reynolds’ number
NSt Stokes’ number
NSt eff effective Stokes’ number
P absolute pressure (kg/m s2)
Pi absolute inlet pressure (kg/m s2)
Po absolute outlet pressure (kg/m s2)
T absolute temperature (K)
vs fluid velocity or filtration velocity (m/s)
vt terminal settling velocity (m/s)

Greek symbols
α1–α4 fitting constants in Eq. (23)
ε porosity of the filter
γ probability of adhesion
ηD single collector efficiency due to diffusion
ηDI single collector efficiency due to direct intercep-

tion
ηE single collector efficiency due to electrophoresis
ηG single collector efficiency due to gravity
ηI single collector efficiency due to inertia
ηT total single collector efficiency
λ mean free path of gas molecules (m)
µair absolute air viscosity (kg/m s)
ρair air density (kg/m3)
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ρp dust particle density (kg/m3)
onstituents: fibrous filters and granule-bonded filters. Fibrous
eramic filters are made of alumina, aluminosilicates or zirco-
ia filaments ranging from 2 to 20 �m in diameter. They have
igh porosity (ε ∼= 80–95%), specific surface area (So ∼= 0.8–

-
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.5 × 106 m2/m3) and permeability (k1 ∼= 10−15 to 10−10 m2).
heir collection efficiency is very high and the pressure drop

ow, but they suffer from relatively low mechanical strength.
Granular filters, on the other hand, are made of alumina, sili-

on carbide, aluminosilicates, silica, mullite granules or a com-
ination of them stuck together by ceramic binders. Similarly
o fibrous filters, they can withstand hostile atmospheres and
igh temperatures and pressures. Their porosity ranges between
0–60%, giving a good mechanical strength but a relatively low
ermeability [13,14].

In recent years, a new category of ceramic filter has gained
round: the double-layered filters [15–17]. Each layer can be
ptimized according to the desired requirements, combining in
ne product the best features of both fibrous and granular filters.
he support layer is made of a highly porous ceramic foam,
hich provides good mechanical integrity, resistance to thermal

ycling and almost no resistance to gas flow [18]. The filtering
ayer, on the other hand, is made of a thin granular membrane
eposited on one surface of the support layer, providing a phys-
cal barrier to collect small particles with a minimum pressure
rop [2,3].

The objective of this work is to investigate the performance
f a double-layered filter for aerosol filtration at high temper-
tures. Laboratory tests included measurement of permeability
nd fractional collection efficiency in different temperatures and
ltration times.

. Experimental procedure

.1. Sample preparation

Ceramic supports were prepared by the replication technique
rom the impregnation of a ceramic slurry of water, alumina
A3000FL, Alcoa, Brazil) and dispersant (Darwan 7s) into
olyurethane foam matrices (Bulpren R, Sidney Heath & Son,
toke-on-Trent, UK) of 45 and 75 pores per linear inch (ppi).
upport samples, disks with diameter of 6.6 cm and thickness
f about 1.8 cm, were sintered in an electric furnace at 1600 ◦C
or 2 h.

The filtering layer was prepared from a ceramic paste, con-
isted of 20 wt% water and 80 wt% solids (75 wt% fused alumina
+80–70 mesh), 25 wt% ball clay (−200 mesh) and sodium
ilicate as binder. The ball clay utilized (São Simão) had approx-
mately 45% of SiO2, 33.5% Al2O3, 1.5%Fe2O3 and 1.3% TiO2
19].

One millimeter of paste was deposited on one face of each
intered support and then the whole structure was dried and
eated to 1400 ◦C to provide a good adhesion of both layers.
he heating procedure was as follows:

oven at ambient pressure and open to the atmospheric air;
heating rate of 2 ◦C/min;
120 min at 700 ◦C;

120 min at 1400 C.

Fig. 1 shows a SEM micrograph of the cross section of a
5 ppi filter utilized in this work.
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Table 1
Particle size distribution of tested dust

Particle size (�m) Mass percentage (wt%)

0.40 0.17
0.75 1.01
1.5 4.83
2.5 9.56
3.5 18.47
4.5 26.99
6.0 23.60
8.5 15.36

P

t
fi

f
i
fl
e
i
i
0
o
p
t
w
w

t

i
a
o
v
d
a
t
n
T
p
t

t
f

ρ

ig. 1. SEM micrograph (100×) of the double-layered filter in the interface
etween the 75 ppi support and the filtering layer.

.2. Characterisation tests

Ceramic supports were characterized according to their pore
ize distribution by image analysis (Image pro-plus 3.0 for

indows), porosity and air permeability at room and high tem-
eratures. The bed porosity, ε, was estimated by the expression
= (1 − ρb/ρs), where ρb is the overall density of the ceramic
ody (determined by measuring the mass of a known body
olume) and ρs is density of the solid material used for manu-
acturing the ceramic body (measured with a helium picnometer

icromeritcs Accupic). The double-layered filters were char-
cterized by SEM (Philips XL30 FEG), air permeability and
ltration efficiency at 25, 300 and 700 ◦C.

The filtration device consisted of two cylindrical chambers
ade of refractory stainless steel (service temperature up to

70 ◦C). A cylindrical sample-holder made of refractory stain-
ess steel with a low thermal-expansion coefficient was fixed
etween the chambers by stainless steel bolts. Sample size was
ypically 6.6 cm in diameter (3 cm exposed to air flow and 3.6 cm
o support the sample) and 1.8 cm thick. The test specimen was
ightly fixed in the sample-holder using heat-resistant O-rings to
void leakage. The entire system (chambers and sample-holder)
as set within an electric furnace (Maitec, 7500 W) controlled
y a PID system (Flyever). Dry air, supplied by a compressor
1500 W) and heated according to a preset program within the
lectric furnace, was allowed to flow from the bottom to the
pper chamber.

Temperature was monitored with K-type thermocouples
ocated in the entrance and exit chambers and also inside the
urnace. Air pressure measurements were taken in both cham-
ers using an electronic micromanometer (Furness Control
td.—FCO14). Air flow measurements were carried out with
n electronic mass flow controller (Aalborg GFC-37).

The testing aerosol consisted of a phosphatic rock pow-
er dispersed into the inlet air stream through a fluidized bed
erosol generator (TSI-2300). This generator consists of a bed
f fluidized copper beads which is continuously fed by parti-

les through a conveying belt situated on the lower region of the
ed. A previous work [2] showed that this powder undergoes no
hemical or thermal change up to 1000 ◦C. Typical aerosol con-
entration in tests was 0.014 g/m3. Table 1 gives the features of

µ

i

article density (ρp): 2970 kg/m3; Sauter average mass diameter: 3.87 �m.

he tested dust. Fig. 2a illustrates the device for permeability and
ltration experiments, which is schematically shown in Fig. 2b.

For permeability evaluation of samples, fluid velocity varied
rom 0 to about 1 m/s, and values were corrected according to
deal gas law for each test temperature. For filtration tests, actual
uid velocity was fixed at 0.10 m/s. Evaluation of collection
fficiency started 10 min after the beginning of the test, with the
ntroduction of aerosol in the system. The number of particles
n the air stream was monitored in eight different sizes (0.4,
.75, 1.5, 2.5, 3.5, 4.5, 6.0 and 8.5 �m) at the inlet and outlet
f the filter. The duration of each sampling was 1 min. Another
article counting was made after 20 min of operation to verify
he effect of the filtration time on the filter performance. The
hole procedure was then repeated for each testing temperature
ith a new virgin filter.
Permeability data for the support and clean filters were fitted

o Forchheimer’s Eq. [20] for compressible fluids [18]:

P2
i − P2

o

2PiL
= µair

k1
vs + ρair

k2
v2

s (1)

n which L is the sample thickness along the flow direction, Pi
nd Po are the absolute air pressures at the medium inlet and
utlet, respectively. µair and ρair are, respectively, the absolute
iscosity and the density of the air, and vs is the fluid velocity,
etermined by vs = Q/A, where Q is the volumetric flow rate
nd A is the exposed surface area of the sample perpendicular
o flow direction. k1 and k2 are usually known as Darcian and
on-Darcian permeability constants, in reference to Darcy’s law.
hese parameters incorporate only the structural features of the
orous medium and therefore are considered constant at a given
emperature even if changing the fluid or the flow conditions.

Fluid properties ρair and µair were corrected according to the
est temperature T and average pressure P ((Pi + Po)/2) by the
ollowing expressions [2]:

air = 3.488 × 10−3P

T
(2)

(
T

)1.5 (
378

)

air = 1.73 × 10−5

273 T + 125
(3)

n which T, P, µair and ρair are given in S.I. units.
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tures:

(

E

i

Fig. 2. Permeability and filtration rig at room and high tempera

Fractional collection efficiency in each particle size range

Efrac) was calculated by:

frac = Ni − No

Ni
(4)

p
fi
H
t

(a) overall view; (b) schematic view of the main components.

n which Ni and No are the number of particles measured by

eriodical sampling, respectively, at the inlet and outlet of the
lter for each size range. The particle counter utilized was the
iac/Royco, model 5230. As the aerosol sampling flow rate of

his equipment was higher than the range utilized in the filtra-
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ion tests, there was no need for isokinetic sampling. During the
izing tests, the whole dust laden gas was sucked into the equip-
ent, together with clean air for completing the sampling flow

ate.

. Results and discussion

Features of the support layers prepared in this work are pre-
ented in Table 2. The ceramic supports prepared from 45 ppi
oams were more porous and with a higher pore size than the
ne based on 75 ppi foams. In both cases, however, a suitable
ermeability level for hot gas filtration was achieved. As com-
arison, Seville et al. [21] found permeability values (k1) for
brous ceramic elements of very high porosity (ε ∼= 0.8–0.95)
arying from 0.4 to 4.8 × 10−11 m2. Innocentini [2] worked with
irflow through a similar commercial fibrous medium (ε ∼= 0.8)
nd determined average experimental values for k1 and k2 as
.72 × 10−11 m2 and 2.04 × 10−6 m, respectively.

.1. The permeability

Fig. 3 compares the permeability behavior of filters with
ifferent support layers as a function of temperature. A linear
elationship was found between the Darcian permeability k1 and
he test temperature. A similar behavior was already reported

n the literature and the explanation was related to the thermal
xpansion of the filter structure, which causes the temporary
pening of porous channels to fluid flow [2,22,23]. As expected,
he 45 ppi filter was slightly more permeable than the 75 ppi

able 2
eatures of ceramic foam supports

ominal
ore count
ppi)

Porosity Mean pore
size (mm)

k1
a (10−9 m2) k2

a (10−4 m)

5 0.797 ± 0.013 0.546 ± 0.045 7.29 2.78
5 0.741 ± 0.025 0.266 ± 0.058 2.26 1.47

a Values obtained at room temperature.

ig. 3. Darcian permeability constants (k1) as a function of test temperature for
he different filters tested in this work. R2 is the correlation coefficient for the
ata.
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ig. 4. Collection efficiency as a function of particle size for a clean filter, at the
hree temperatures investigated: (a) support of 45 ppi and (b) support of 75 ppi.

lter, indicating the small contribution of the ceramic foam sup-
orts for the total pressure drop across the filters.

.2. The collection efficiency

The curves of fractional collection efficiency for the different
xperimental conditions are given in Figs. 4 and 5. It is apparent
hat the filter efficiency decreases with the increase of the gas
emperature in all tests performed. Part of this effect can be
xplained by the variation of the gas physical properties with
emperature. But structural changes in the filter medium (thermal
xpansion) may also play a role in this behavior, as the existing
orrelations do not predict the temperature variation correctly
nd needed modification (see the modeling section below).

Fig. 4 refers to the initial stages of filtration. It is observed that
fficiency increases with increasing particle size, for particles up
o 3 �m, probably due to the inertial collection mechanism (see
he modeling section below). However, collection was not nec-
ssarily better for larger dust particles. In fact, efficiency reached
maximum for particles between 2 and 4 �m. Below this range,
enetration of small particles through the filter was considerable

nd efficiency was relatively low in all temperatures and filters
ested: between 40 and 95% for the 45 ppi filter. A comparison
etween Fig. 4a and b shows that the performance of the 75 ppi
lter is better (efficiencies between 60 and 95% in the same
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ig. 5. Collection efficiency as a function of particle size for a filter after 20 min
f operation, at the three temperatures investigated: (a) support of 45 ppi and (b)
upport of 75 ppi.

ize range), demonstrating that the highly porous support has
ffect on the filtration behavior. It is also clearly noticeable in
igs. 4 and 5 that the efficiency decreased for particles between
and 8 �m. This decrease is probably due to particle bouncing

r re-entrainment after collection. Nevertheless, it is expected
hat efficiency eventually increases for particles somewhat larger
han 8 �m, as particle screening becomes important.

Fig. 5a and b show the filter performance after 20 min of oper-
tion for the 45 and 75 ppi filers, respectively. During this time,
n amount of particles has been collected and their effect on the
lter behavior explains the observed increase in the collection
fficiency in both filters. It is worth noting that, considering the
article concentration in the air, the filter area and the opera-
ion time, the amount of deposited particles at the end of 20 min
as of the order of 0.15 mg/cm2 of filter. Although very small,

his amount of particles promotes the observed increase in the
lter efficiency, but at a cost: the pressure drop across the mem-
rane also increases substantially, leading to the necessity of a
eriodical cleaning of the medium.
.3. The pore size

Fig. 6 shows the effect of pore size of the structural (foam)
ayer in the filter performance. The filter with larger pore sizes
Fig. 6. Relative values of the collection efficiency for the two supports tested
(Eff45 ppi/Eff75 ppi) as a function of particle diameter at the three temperatures
investigated: (a) clean filter and (b) after 20 min of filtration.

(45 ppi) exhibits smaller efficiencies in all the size range investi-
gated, but this better performance is maximized for the particles
smaller than 2 �m in diameter in the initial stages of the filtra-
tion (see Fig. 6a). As the process proceeds, the two filters tend
to the same efficiency (see Fig. 6b). It is worth remembering
that the structural (foam) layer, highly porous, was used only
as support for the filtering layer, which was identical in both
filters.

3.4. The filtration time

The effect of the filtration time can be more clearly seen in
Fig. 7. Again, the smaller particles are more sensitive to the
parameter. The collection efficiency of the particles below 1 �m
in diameter practically doubles after 20 min of filter operation
in the 45 ppi filter (see Fig. 7a), whereas increases 1.5 times in
the 75 ppi filter (see Fig. 7b). This improvement is certainly due
to the collected particles that, once deposited on the filtering
layer, start to act as collectors of the subsequent particles, even-

tually forming an independent layer known as filter ‘cake’. As
already mentioned, this cake increases the filter pressure drop,
and has to be periodically removed. The filter performance in
these circumstances is presented elsewhere [24].
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Fig. 7. Relative values of the collection efficiency at different filtration times
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Eff20 min/Effinitial) as a function of particle diameter at the three temperatures
nvestigated: (a) support of 45 ppi and (b) support of 75 ppi.

.5. A correlation for the collection efficiency

The observed behavior for the fractional efficiency was ana-
yzed according to the several collection mechanisms occurring
n a barrier filter. The expressions derived in the literature were
ased on semi-empirical correlations and the process was con-
idered to be time-independent, valid for the first stages of
ltration when no dust cake is present in the filter. In this work,

he modeling of fractional efficiency of the filter was based on
he single collector efficiency model [25,26]:

frac = 1 − exp

[
−aKL(1 − ε)ηT

dc

]
(5)

n which L is the thickness of the filtering layer, a a fitting
onstant (a = 46.4) and dc is the diameter of a single collec-
or (considered in this work as the maximum alumina particle
ize, dc = 246 �m, obtained by image analysis). Units are given

n the S.I.

In this work, the filter porosity ε was experimentally
elated to the testing temperature according to the following

h

η
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xpressions:

= 0.330 + 9.77 × 10−5T, for the 45 ppi filter (6)

= 0.325 + 7.49 × 10−5T, for the 75 ppi filter (7)

The parameter K was proposed by Yoshida and Tien [27] as:

=
[

6

(1 − ε)2/3

]1/3

(8)

According to this model, the total collection efficiency of a
ingle collector (ηT) can be approximated by the sum of its indi-
idual efficiencies due to different mechanisms: diffusion (D),
nertia (I), direct interception (DI), gravity (G) and electrophore-
is (E). In this work, the original expression was modified to take
nto account the probability of retention of a particle on the col-
ector (γ): The expression for ηT then becomes:

T = γ(ηD + ηI + ηDI + ηG + ηE) (9)

Diffusional collection arises from the random movement to
hich small particles are subjected in a gas, known as Brown-

an diffusion. Tien [25] proposed the following correlation for
stimation of single efficiency according to this mechanism:

D = 4(1 − ε)2/3A
1/3
S N

−2/3
Pe (10)

n which the Happel’s parameter (AS) and the Peclet’s number
NPe) are, respectively, given by:

S = 2[1 − (1 − ε)5/3]

2 − 3(1 − ε)1/3 + 3(1 − ε)5/3 − 2(1 − ε)2 (11)

Pe = vsdc

D
(12)

n which vs is the filtration velocity and the D diffusion coeffi-
ient, estimated by:

= KBTFs

3πµairdp
(13)

ere KB is the Boltzmann’s constant (1.380622 × 10−23 J K−1),
the absolute temperature, dp the dust particle size and µair the

ir viscosity. The slip factor Fs was given by Allen and Raabe
28] as:

s = 1 + λ

dp

[
2.34 + 1.05 exp

(
−0.39

dp

λ

)]
(14)

n which λ is the mean free path of the molecules in the gas and
p is the dust particle size.

Inertia also contributes for collection efficiency. The gas
treamlines curve to pass around the collector, and the ability
f a particle to follow the streamlines decreases with increas-
ng mass of the particle. This mechanism dominates at high
elocities, but particle bouncing must be necessarily taken into
ere to represent this mechanism:

I = 0.2589 × N1.3437
St eff N0.23

R (15)
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combined to finally estimate the efficiency of the filter for each
dust particle range according to the studied operational condi-
tions (Eq. (5)). Comparison of modeling and experiments are
given in Fig. 8.
54 N.L. de Freitas et al. / Journal of Ha

n which NR and NSt eff are, respectively, the interception param-
ter and the effective Stokes number, given by:

R = dp

dc
(16)

St eff = [AS + 1.14N0.5
Re ε−1.5]

NSt

2
(17)

here NRe is the Reynolds number, given by:

Re = ρairvsdc

µair
(18)

The Stokes number (NSt) is expressed by:

St = ρpd
2
pvsFs

9µairdc
(19)

On the other hand, the direct interception mechanism arises
rom the fact that the particle has a finite size. If its centre passes
ithin a distance of dp/2 from the collector surface, then particle

s collected. The expression developed by Paretsky et al. [30] was
sed for estimation of the direct interception effect on particle
ollection:

DI = 6.3ε−2.4N2
R (20)

Gravitational collection results from the action of gravity on
he dust particle, which causes its trajectory to deviate from
he gas streamlines. This mechanism may become the domi-
ant process at low gas velocities, for particles large enough
o have significant terminal velocity and very small Brownian
iffusivity. The efficiency depends on the flow direction and
s higher for downward filtration. The relationship used here
or the gravitational collection was based on upward flow as
30,31]:

G = 3.75 × 10−2
(

vt

vs

)0.5

(21)

n which vt is the terminal settling velocity of the dust particle,
btained within the Stokes free-fall regime (NRe < 1) by:

t = ρpd
2
pg

18µair
(22)

Electrophoretic collection results from the presence of elec-
rostatic charges on the particles, collectors or both. These
harges are generated either by phenomena inherent in the
rocess (e.g. triboelectrification) or deliberately introduced (by
orona charging, for example) [26]. In this work, electrophoretic
fficiency expressions were not considered due to the lack of data
n electrostatic charges at high temperatures.

The probability of retention of a particle on the single collec-
or (γ) was investigated by Yoshida and Tien [27], who observed
hat the collection efficiency decreased with increasing Stokes’

umber (NSt) due to particle bouncing or re-entrainment. Tien
25] proposed that γ could be better represented as a function
f an effective Stokes’ number (NSt eff), whereas Cavenati and
oury [32] incorporated the influence of filter dimensions on

F
c
4
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uch parameter. Based on those studies, the present authors pro-
ose a modified version of the γ parameter, represented by Eq.
23).

= α1

(
L

D

)α2

Nα3
ReN

α4
St eff (23)

In the present work, values for constants α1–α4 were fitted
o experimental data (least square deviation between predicted
ecrease in collection efficiency due to bouncing/re-entrainment
nd the experimental values) and the following correlation was
ound:

= 0.000441 ×
(

L

D

)−0.228

N−1.197
R N−1.057

St eff (24)

ith γ limited between 0 and 1.
Expressions for diffusional, gravitational, direct interception

nd inertial collection mechanisms, given by Eqs. (5)–(24), were
ig. 8. Comparison between modeling and experimental curves of fractional
ollection efficiency at the three temperatures investigated for (a) the support of
5 ppi and (b) the support of 75 ppi.
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Fig. 9. Theoretical predictions for the filter efficiency due to each of the individ-
ual mechanisms assumed in the model. Curves obtained for 45 ppi and 700 ◦C.

Curves in Fig. 8 reveal a satisfactory agreement between
experimental fractional efficiencies and the proposed correla-
tion. Fig. 9 illustrates the contribution of the assumed mecha-
nisms in the formation of the final theoretical curve. It can be seen
that the efficiency behavior for particles below 2 �m is mainly
due to the inertial mechanism while in the range of 4–8 �m the
bouncing/re-entrainment predominates as detachment mecha-
nisms. It is worth noting that the discrepancy between the model
and the data in the 2 �m region was enhanced by the probability
coordinate adopted for the y axis. In reality, the difference is
never higher than 0.45%.

4. Conclusions

A double-layered ceramic filter was developed and tested for
use for gas filtration at high temperatures. The filter was based
on different ceramic foam supports and a thin granular filter-
ing layer. Tests included measurement of porosity, permeability
and filtration performance in temperatures ranging from ambient
to 700 ◦C. Results showed that filters presented high collection
efficiency, comparable to other ceramic filters reported in the
literature. Fractional collection efficiency was sensitive to the
gas temperature, to the structural (foam) layer and to filtration
time. For similar experimental conditions, it decreased with the
increase in temperature. Also, the efficiency was lower for par-
ticles below 2 �m and in the range 4–8 �m and explanation
is based on the influence of different dust particle collection
mechanisms. A correlation that estimates the fractional effi-
ciency was proposed, being based on semi-empirical expressions
available in the literature. Results showed satisfactory agreement
between experimental data and the proposed correlation. They
also revealed the particle inertia as the predominant collection
mechanism within the studied range, with particle bouncing/re-
entrainment acting as detachment mechanisms.
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