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ABSTRACT

The cement industry is the major source of cemast @hich contains heavy metals like nickel, cqodahd,
chromium, arsenic and hazardous substances likindiand furans. Exposure to these substancesatese c
health problems to human, animals and vegetatiotorinuous pilot scale quartz sand filter was trocted
and uses to study the effect of important desigarpaters (temperature, pre-loaded dust on thectolle
diameter of the filter, bed depth, collector sizel @uperficial velocity) on its performance foraméng of
cement dust from air. Initial penetration and alifiressure drop (after 180s) were measured angarexh for
different variables used in this study. The dirgdbwas cleaned by means of reverse air flow when th
pressure drop across the filter rises to 20 gtk macroscopic model describes the filter cloggivas used

to predict the effluent histories based on initallection efficiency o)ex, Which was determined from
experimental data. A removal efficiency of morentt@% was obtained. The results show that 0.4% of
cement dust still adheres on the quartz sand lied &imin of cleaning cycle. The presence of 0.4%re-
load dust on the quartz sand filter enhanced tigesfcy and low initial penetration, moderate iaifpressure
drop was obtained. At given Empty Bed Contact T{EEBCT), with different filter diameters 30 and 1%,ca
sharp decrease in initial penetration from 0.4B0vas obtained respectively. A nonlinear relatigmsh
between penetration and temperature was foundiniifa@ penetration can be reduced by using sméilter
diameter, small collector size and collector wite-jpad dust with 0.4%. The experiment that operate filter
diameter of 15 cm and temperature of 25°C reprékemhinimum penetration among all the experiments.

Keywords: Granular filter, air filtration, deep bed filter, adeling, cement dust, minimum penetration,
initial penetration, removal efficiency, filter dreeter

1. INTRODUCTION The development of continuously operating
filtration systems such as the panel bed filtere th
Besides electrostatic precipitators and fabrieedd,  fluidized and the moving bed filter made granuladb
granular bed filters represent the third importigpe of filtration attractive for industrial applicationsElf
dust collector used in cement industries. The deanu Hedoket al., 2011; Smickt al., 2006). Macias-Machiet al.
bed filter is one of the most promising approactes (2006), study the use of new granular volcanic sock
remove fine particles from high temperature gasastrs  (Lapilli) in the fixed bed filter and in fixed beHeat
(Macias-Machin et al., 2006; Zhaoet al., 2008). exchanger for removing fine dust particles fromeagas
Granular bed filters are attractive for hot gasdtion The global efficiency improved when they use a high
because they employ low cost refractory granules ashed depth.
media. The general advantages are: (1) The tenperat Sriniveset al. (2010) utilized a rice-husk packed bed
of the gas admitted to the filter can range uplioud  as fine dust collectors at heavy dust loading. They
450°C, (2) The filter operation is independent of found that the rice husk packed bed could exhihit a
electrical resistance of the dust, dew point vemmtdust  effective performance in capturing fine dust ativas
composition and granulomertic characteristics, TBg dust loadings with a collection efficiency highdrah
filter is unaffected by variations in gas flow rate 85% by mass.
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Quevedoet al. (2008), compared a commercially a—":u)\c 2
available High Efficiency Particular Air Filters EHPA), 9 °
fiber-based filter, with packed bed filters. Thegttmany
granular filter media, fumed silica nanoagglomesate Apzjg@dz (3)
carbon black granules, silica shells, activatedbaar 0z
granules, glass beads and nanoporous hydrophobic Boundary and initial conditions are:
aerogel granules. They found that carbon black or
aerogel granules as filter media had a higher ciidie
efficiency compared with HEPA.

The aim of this research is to study the behaofor
a pilot scale quartz sand filter for removal of @m  where, C denotes the dust concentration in airastre
dust from air by continuous filtration process awed  flowing through the filterg is the specific deposit of dust
find the effect of different variables (temperature inthe bed, it describes the extent of depositioteims of
percent of pre-loaded dust on the collector, filter the volume of deposit per unit filter volume. The
diameter, bed depth, collector size and superficialindependent variables are z, the axial distanceBaride
velocity) on its performance. The cleaning corrected time defined as @) where is the time and
(regeneration) of the dirty sand filter was studiéd  the bed porositys the superficial velocity of ga, is the
phenomenological approach was used to describe thélter coefficient and has dimensions of reciprocal
effluent histories. length, @p/dz) the pressure gradient necessary to

maintain the desired flow rate ai the pressure drop
1.1. A Model for Predicting the Effluent Histories across a bed height L. Both and @p/dz) are local
functional and vary with time.

The parameterA can be considered as the
probability of an aerosol particle in the gas stnga be

C=C, at z= 092 C @)

C=0,06=0 for z= 08< C (5)

A perfect modeling of solid-gas contacting is ffient
complicated because the accumulation of deposit
particles.during the filtration process gausesrainuing captured while it travels a unit axial distanceeféfore
change in the structure of the medium (Ch&ngl., s 5 function of the state of the media. To amtdor

2008; 2010). This situation is more complicatedthi®  {he variation of\ due to particle accumulation in the bed

case of polydispersed aerosol since the effect ofthe following equation, Eq. 6, can be considere@n(T
deposition is dependent not only on the total arh@fin  and payatakes, 1979):

deposition but also on the size distribution of deposit

particles. The difficulty in predicting these pamters A=A, (XF (@,0) (6)

and measuring the local void fraction leads onadopt .

a formulation of the macroscopic equations for ntiode with F (o,0)=1

particle collection in deep bed filtration. where,, is the value ok when the bed is clean. X is a
The phenomenological approach: describes theParameter vector (including quantities such asrsfitel

dynamic behavior of deep bed filters with the ugeao Velocity, grain size, density difference) on whidl
set of differential equations and characterizes thed®Pends. The change in the valué\a$ governed by the
filtration mechanism by means of several model extent of particle retention as well as anotheapeter

parameters the values of which, for a given apfibca vectorr] IWh|ch determines the mode of deposition
can be obtained from appropriate bench scalemorﬁ)f g?i%)ér bed is assumed to be an assembly df un
experiments. T_he macroscopic StUd'eS. are aimelieat t collectors (or elements), can be related to the efficiency
phenomenological description of the filtration pess, of the unit collector by, Eq. 7:

the prediction of its dynamic behavior and the R

development of methodology and techniques for, _1, 1 _n if n<<1 @
design, calculation and optimization. 1 1-n 1

The macroscopic conservation and rate equations ) ) o )
that describe the dynamic behavior of granular where, n is the unit collector efficiency and | the axial
filtration can be written as follows, Eq. 1-5 (Tiend distance of a unit collector. For constricted tuhedel,

Ramarao, 2007): Payatakest al. (1973) considered the following Eq. 8:
1/3
oC  do s
-+ — = | = d 8
U5z a0 ° @ {6(1— s)} d ®
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where, ¢ is the diameter of the filter grain.

Ao can be determined experimentally from Eq. 17

To account for the effect of deposition, it is (Tien and Ramarao, 2007):

customary to write Eq. 9 (Tien and Ramarao, 2007):
R=_A

L= =R @)= oot ©)

where,n,is the initial or clean unit collector efficiency.
The solution of the system of partial differentia.
1 and 2 subject to boundary and initial conditioh&qg.

1. C
A, :Lllmeﬁ{Ln CO} a7)

For initial period of filtration the limiting vaks of

Ln(C"J at6 — 0 can be obtained from a given effluent

4 and 5 may be reduced to the solution of a pair ofconcentration history for the determinatior\gf

ordinary differential Eq. 10:

Cc o

L9 10
..o (10)
where, g, is the value oo at z = 0,0 andg, can be
found from the solution of the following differeati

equations:

do a

2 =UA, (1 a,0%)C, (11)
0,=0at0=0 (12)
do _ w2

—=),0(1+0,0%) (13)
dz

o=0, at z=0 (14)

The solution of Eg. 11-14 and the relationshifgf
10 give the profile of for an arbitrary time.

In relation to Eqg. 7rg)exp can be determined from
Ao asin Eqg. 18:

(No)epy =AJ (18)

2. MATERIALS AND METHODS

2.1. Materials

Cement dust (from local cement industry) with a
concentration of (9x16 g cni®) in air stream was used
as a pollutant to study the performance of the \gean
bed filter. Samples of cement dust were analyzed by
powder and particle Size Analyzer (SALD-3101
Shimatzu) with optical technique, to get the ptatiize
distribution. The average optical particle size i@:d
to be equal to 7.61@m as identified by the analyzer,
Fig. 1. Cement dust particle density was determined to
be equal to 3 g cm Quartz sand which is available and
cheep material was used as a collect@ble 1 shows

Based on experimentally determined values ofhe properties of quartz sand granules.

influent concentration (¢, effluent Concentration (C) _ _

and by using the uniform deposition assumption, the2.2. EQuipment and Experimental Procedure

values offj(orE =-1) can be obtained corresponding to A schematic representation of the experimental
No apparatus is shown ifrig. 2, (Mustafa, 2004). A

various values of which can be calculated from Eq. 15 fluidized bed generator was used to supply thetasam

and 16: with cement dust. The Granular bed filter was cstesi
of two chambers,Fig. 3. The upper chamber was
ﬁzl—(i)“’“ (15) polluted air chamber and the lower was clean air

c, chamber. The granular bed was placed on the pé&stbra
plate. A central carbon steel pipe passed throlngh t
perforated plate and terminated in the upper chambe
above the filter bed. The raker arm in the uppemndber

had ten prongs penetrated into the filter bed atated

at a speed of 30 rpm by means of a gear motor which
was mounted on the top cover of the upper chamier a
connected to the raker arm through a fixed couplirig
outlet and inlet pipes of the filter contained ttappings,

9, a; anda, can be evaluated from the plot in the form of the first connected to an inclined manometer wthie

o= [(C, - Cpck (16)

where, 1 is the average unit collector efficiency, the
average specific deposit, N the total number of bat

elements in serieéN :IE)’L , is the bed height. From Eq.

i other one was used to insert the thermocouple. The
[J—l Versuso . inclined manometer was used to measure the pressure
Mo drop across the filter bed.

////A Science Publications 387 AJES



Abbas H. Sulaymon and Yasmen A. Mustafa / AmeriBaurnal of Environmental Science 8(4) (2012) 385-39

Table 1.Properties of quartz sand granules

Size (mm) Size (Mesh no) e mm) € pg(kg/m3)
2.36-1.18 8-14 1.9 0.39 1600
1.18-0.84 14-20 1 0.38 1590

Filename EX! Circulation Speed =3 Laser T% 1 98.2(%) 1
10.00 1o0.0 1D¥ :200301190803000  Ultra sonic OFF Lamp T% 100.4(%) I
| Sampling Times :10
| | U-Saonic ON during Meas. :Yes
| | Form of Distribution :Standard Axis Selection :LogX-LinY
£ I Cale Level 30 1S0 9276-1 Format {OFF
=l = R.R.Index 20000001
gl | 8 Distribution Base Volume
A Il e Axis Type Bar
Fi i 2 Cumulative Distribution Graph :0n
ot = Size Class ‘Passing (Undersize)
1 Density Distribution Graph :Standurd
S.P. Area : 12643(cm’ fem’ ) (9)90.00 (%) 18.909(um) 53.00 (um)- 100.00(
Median ¢ 7.6170(pm) (10)95.00 - 22.581(pm) 38.00 (um)- 99954
0.0 — Diameter on % :(1)5.000 (%)-  1.566(um) % on Diameter :850.0 (um)- 100.000(%) Mean  9.2072(um)
0.020 {2)10.00 (%)= 2.115(um) 600.0 (um)- 100.000(%) Variance : 45.159(um )
Eolniakse. Ll (3)20.00 (%) 3.160(um) 425.0 (um)- 100.000(%) .. ¢ 6.7200(um)
(4)30.00 (%) 4.408(3m) 300.0 (um)y- 100,000(%) v : 72.9866
(5)40.00 (%)-  5.899(um) 212.0 (um)- 100.000(%) Mode : 10.8327(um)
(6)60.00 (%)  9.534(um) 1500 (um)= 100.000(%) Span 1 22048
(TY70.00 (%) 11.729(um) 106.0 (jm)- 100.000(%)
(8)80.00 (%) 14.507(um) 75.00 (um)- 100.000(%)
No. Diameter Under % No. Diameter Under % No. Diameter Under % No. Diameter Under % No. Diameter Under %
1 0022 0.000 0.000 19 0259 0000 0.000 37 2976 3536 18201 55 34255 0614 99.806 73  394.244  0.000 100,000
2 0026 0000 0000120 €296 0000 0000 38 3409 4071 6 39.234  0.194 100,000 74 451556 0.000 100.000
3 0029 0000 0.000 21 0339 0.000 0000 39 3.990 44.938  0.000 100,000 75 517.200  0.000 100,000
4 0034 0000 0000122 0389 0.000 0.000 40 4.185 0.000 100,000 76 $92.387  0.000 100,000
5 0039 0000 0000023 0445 0000 0,000 41 461 0.000 100.000 77 678.504 0.000 100.000
6 0044 0000 000024 0510 0000 0.000 42 4735 0.000 100.000 78 777.141  0.000 100.000
7 0051 0000 0000 25 0584 0000 0.000 43 5.138 0.000 100000 79 B90.116 0,000 100000
| 8 0058 0000 0000 26 0669 0132 0.132 44 5488 0.000 100.000) 80 1019.515  0.000 100.000
| 2 0.067 0000 0000 27 0766 0237 0.369] 45 5.921 0.000 100.000 81 1167.725 0.000 100.000
10 0.076 0,000 0.000 28 0877 0.704| 46 6.341 116210 0.000 100.000 | 82 1337.481 0.000 100.000|
1 0.087 0.000 0.000 29 1.005 1.242| 47 6.632 133103 0.000 100.000| 83 1531.914  0.000 [00.000
12 0.100  0.000 0.000 30 1151 1.996 | 48 6.582 152.453  0.000 100.000| 84 1754.613 0.000 100.000
13 0115 0000 0000 31 1318 3.060 | 49 174.616  0.000 100.000 | $5 2000.000 0.000 100.000
14 0131 0000 0.000) 32 1.510 4.501 50 200.000  0.000 100.000
15 0.150 0000 0.000]33 1729 6.348 51 91.693| 69 229.075  0.000 100.000
16 0172 0.000  6.000 34 1.981 8.625| 52 95.250| 70 262376 0.000 100.000

17 0.187 0000 0.000 35 2269 2851 11476 53
18 0226 0000 0.000 36 2599 3199 14,675 54

97.764| 71 300.518  0.000 100.000
99,182 72 344206 0.000 100.000

Fig. 1. Particle size distribution for a sample of cemamttd

Fig. 2. Schematic diagram of the experimental apparatubl¢ler; (2) dryer; (3) manometer; (4) orifice la(5) duct heater_; (6)
temperature controller; (7) fluidized dust generat8) sampling train; (9) filter; (10) inclined mameter; (11,12) bag filter;
(A, B, C.D, E, §valves
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Fig. 3. Granular bed filter (1) polluted air chamber; ¢®an air chamber; (3) screen desk; (4) grid; &dsbed; (6) central pipe;
(7) gear motor; (8) raker arm; (9) opening for maeter; (10) opening for thermocouple

Sampling the cement dust in the air was carriedbgut 30 r.p.m for 3-5 min. The dust was collected intbaa
diverting a part of the air stream through a samgpli filter. After regeneration the dust in the bagefiltwas
train. Cascade |mpactor (Cassela and CO. Ltd. bando weighed. The top cover of the quartz sand filters wa
with 17.5 L min* flow rate was used as a collector. The opened and by using a vacuum cleaner the quartt san
cascade impact or consisted of four collection edaig and the remaining dust were sucked for weighing. Fo
which the sample Airstream was constrained to passhigh temperature filtration the heater was switcloed
through a series of jets, where cement particles ar until a steady state condition was obtained thenrtin
directed against glass collection discs placed mbtom  was conducted until the pressure drop across tte fi
the jets. To reduce the adverse effects of theigest  reach 20 cm KD.

bounce, each disc was covered with a thin layer of

grease. A digital weighing balance with four digitas 3. RESULTS AND DISCUSSION
used to weigh the cascade impactor discs before and _ )
after the sampling. The experimental variables were bed depth (1, 3, 5

As the dust was generated the cascade impactond 7 cm), pre-loaded dust on the collector (0,ené
connected to the probe. The air flow through thebpr ~ 0.75%), air temperature (25, 130 and150°C), fitpesin
was adjusted to the isokinetic condition by meahs o size (1 and 1.9mm) and air superficial velocitya(ti 4.3
regulating valve and the Rotameter in the sampliaig. ~ ¢m sec'). The duration of the experiment ranged from
Samples were taken periodically at the end of each810 to 5420s. The run was conducted until the press
period, the glass discs were taken out of the dasca drop across the quartz sand filter reached 20 0miHis
impactor, weighed and replaced with other discse Th pressure drop is closed to the technical design
process was repeated until the pressure drop atliess requirements. The conditions of the experiments are
quartz sand filter will be equal to 20 cra® At the end of  summarized inTable 2 Figure 4-13 represented the
each run the air blower was switched off and tbesflvas  variation of penetration and pressure drop acrbss t
reversed for regeneration. The raker arm was btatth filter at different times for the above variables.
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Table 2. Experimental conditions

Exp L Us de df %dust T o) initial initial Penetration  ***t Penetration
No (cm) (cm/s) (mm) (cm) (bywt) (°C) exp Penetratio drop (cm HO) S att
1 1 4.3 1.9 30 0.00 250 0.046  0.500 0.44 5420 @020
2 1 6.0 1.9 30 0.00 250 0.044  0.520 0.50 3240 @030
3 3 4.3 1.9 30 0.00 250 0.027 0.410 0.66 4560 @.022
4 3 6.0 1.9 30 0.00 250 0.029 0.400 0.80 3240 @.030
5 5 6.0 1.9 30 0.00 250 0.028 0.210 0.90 3000 @020
6 7 6.0 1.9 30 0.00 250 0.028 0.133 0.95 2400 @012
7 5 6.0 1.9 30 0.40 250 0.085 0.080 1.20 2040 @.012
8 5 6.0 1.9 30 0.75 250 0.092 0.050 1.30 1260 @.009
9 6 9.4 1.9 15 0.00 250 0.088 0.030 1.70 1740 @003
10 6 9.4 1.9 15 0.00 130 0.105 0.036 2.00 1560 50.00
11 6 9.4 1.9 15 0.00 150 0.087 0.053 2.50 1470 90.00
12 3 6.0 1.9 30 0.00 250 0.120 0.025 5.00 8100 50.00
This happens due to the use of a high dust coratemr
- (9x10°® g cm®). This leads to the conclusion that the
Us =6 om seo™l, dg = 1.9 mm, 6 =30 em, T=25°C deposits form a particle aggregate which enhanee th
- filtration, this phenomena was in a good agreement
g with Fichman et al. (1988). At a given time, the
= s penetration decreased with increasing bed height,
= percent of pre-loaded dusEig. 4 and 6 while it
2 increased with increasing the air temperature ded t
: granule sizeFig. 8-10Q
£ These behaviors were in a good agreement with
TS Fichmanet al. (1981) and Macias-Machigt al. (2006).
No change in penetration was observed for different
0 _ . superficial velocities at a given timésig. 12 This
0 1000 2000 3000 4000 happens due to the use of a narrow range of vidsci
Time (sec) nonlinear relationship between pressure drop and
filtration time was observed iRig. 7 for 0.4 and 0.75%
Fig. 4. Penetration Vs. time at different bed depths dust and inFig. 9 for different temperatures. IRig. 5,
11 and 13 the relationship between pressure drap an
" filtration time seems to be linear.
‘ us =6 om sec”, dg = 1.9 mm, df =30 em, T = 25°C The time at which the pressure drop reaches 20
cm H,0 was varied with each individual variable. The
bis pressure drop increased with the increase of baghte
oL —Tem pre-loaded dust percent, temperature and supérficia
s o O~ velocity, while it decreased with the increase iargile
3} OL=5cm size. At high temperature, the air viscosity inseshand
g 03 , AL=Tai this caused a higher pressure drop, at the sanee dim
Z high penetration of dust. A very fast increase riespure
2 \ drop can be observed when 1 granule size was bk&gd,
\Q\ 11, which agree with the filtration theory.
01 @\k{ The initial penetra_tion, the initial pressure di@fter
: M" 180s of the beginning of the experiment) and the
Bl ' = penetration at the end of each experiment werepies in
0 1000 2000 3000 4000 Table 2 ExaminingTable 2, it can be seen that a high

Time (sec)

Fig. 5. Pressure drop vs. time at different bed depths

A fast decrease in penetration (i.e., a fast Begedn

efficiency) was observed in the first stage ofrdifion.

///// Science Publications

initial penetration ranging from 0.4-0.52 and lonmitial
pressure drop ranging from 0.44-0.8 cifbr shallow bed
depths 1 and 3 cm, with 1.9 mm collector size was
observed. For 1 mm granular size and bed deptltof the
initial penetration was low 0.025 but the initialepsure
drop is higher 5 cmf@.
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0.06 - )
25 us =6 cm sec !, dg = 1.9 mm. us=9c¢msec!, dg =19 mm.
df=30cm. T=25°C.L =5 cm df=15cm.L=6cm
0.05

20
~ 1 ¢ T=25C
H 3 004 OT-130°C
£ 15 S |
= = A T=150°C
£ g 0.03-
e 10 H =
2 2
z = \
s —a— 0% dust £ .
= s —— 0.4% dust 0.02 A

—=x— 0.75% dust

\A\,
0} i 0.0k \\ \H-t%
0 1000 2000 3000

Time (sec) 0 -t

. . . ) 0 500 1000 1500 2000
Fig. 6. Penetration vs. Time at different percents of Ipest

dust on quartz sand collectors Tmelzed
Fig. 9.Pressure drop vs. Time at different temperatures

0254 us=6cmsec . dg=19 mm,
df=30cm, T=25°C,L=5cm _ -
us =6 cm sec”!, df =30 cm,
T=25cm,L=3cm
0z 0.4 E\g i
5 RS
5 s \ & 0% dust | #Dg=1mm
2 0.4% dust 0.3
? a e ° 0O Dg=19 mm
2 0.1 A 0.75% dust

Penetration (C/Co)
(=)
[

e AN

0l : S\&
0 1000 2000 3000 __——\___E
Time (sec) 0
. . . 0 1000 2000 3000 4000
Fig. 7. Pressure drop vs. Time at different percents &f pr T ’
loaded dust on quartz sand collectors Time (sec)
Fig. 10. Penetration vs. Time at different size of quadnds
25 us=9cmsec’!, dg=1.9 mm, collectors
df=15cm, L=6cm 25 us =6 cm sec!, df =30 em,

T=25c¢cm,L=3cm

2 20
g e
o 3 15
E z
2 2
Z £ pif
é Z —&—Dg=1mm
i = —O—Dg=19mm
5
0 = x 2 =
0 - T T 0 1000 2000 3000 4000
0 500 1000 1300 2000 Time (sec)
Time (sec) . . . .
Fig. 11. Pressure drop vs. Time at different size of qusatzd
Fig. 8. Penetration vs. Time at different temperatures collectors
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i

Dg=1.9 mm, df =30 cm, T=25°C

10 4
—— Us=43cmsec!,L=3

—p— Us=6cmsec’,L=3cn

Pressure drop (cm 1H0)

=0 uys=43cm secl,L=1cm
L Us=6cmsec!,L=1cm

4000 6000

2000
Time (sec)

Fig. 12.Penetration vs. Time at different superficial wities

Dg=1.9 mm, df =30 cm, T=25°C

0.5

0.4 - ®Us=43cmsec,L=3
= OUs=6cmsec,L=3cn
3
S OUs=43cmsec’.L=1cm
g AUs=6cmsec,L=1cm
§ 0.2
5

0.1 -
%’—ﬂ

2000 4000 6000
Time (sec)
Fig. 13. Pressure drop vs. Time at different superficial

velocities

Dealing with a filter diameter of 15cm (experiment
No.9) rather than about 30 cm, it can be seerttiranitial
penetration is low 0.03 and the penetration aetiteof the
experiment is 0.003 which represent the minimum
penetration among all the experiments. The Emptgl Be
Contact Time (EBCT) equals to 0.64s, it is neagyas to
EBCT of experiment No.3 which is 0.7s. The initial
penetration and the penetration at the end of ewpat
No.3 is 0.41 and 0.022 respectively. It can be lcoled that
dealing with smaller diameter is more efficientrtitkealing
with larger ones when the experiment carried atstmae
EBCT, this is due to the improvement in inertiapamtion
capture mechanism. Also the amount of quartz sapded
to run experiments No.9 is nearly half the amodtijuartz
sand needed for experiment No.3.

///// Science Publications 392

(b)

Fig. 14.Dirty and clean quartz sand granules (a) Cleartzjsand
granules (b) Dirty quartz sand granules (0.4% dust)

A comparison between experiments No.9 and
No.12 show that the conditions required to get
minimum penetration in experiment No0.9 is more
favorable than in experiment No.12 because the
operation time for experiment No.9 is 1740s comgare
with 810s for experiment No.12 this leads to low
number of cleaning cycles.

A nonlinear relationship between penetration and
temperature was obtainefiable 2 (experiment Nos.9, 10
and 11). A sharp increase in penetration at 150°C
compared with penetration at 130°C and 25°C can be
noticed. As mentioned above when comparing thetsesu
of experiments No.9 and No.3, which operated atlyea
the same EBCT, a high improvement was obtained in
decreasing the penetration for experiment No.9.aBse
the experiments at temperature 130°C and 150°@edarr
out at the same diameter and EBCT as in experiment
No.9, the penetration at these temperatures weyeirad
and considered to be reasonable.

The cleaning cycle was determined by identifying
the percent of dust loaded in quartz sand filtete A3
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and 5 minutes of cleaning cycle, the percent of pre

in determining fo)exp, The accuracy of determining

loaded QUst were 0.7.5 and 0.4 respectively. A |OW(r]o)eXp was derived from the fact thamogexp is
penetration of sand with 0.4% of pre-load dust wasproportional to the logarithm of the concentration

obtained (experiment No.7) as compared with

experiments Nos.1-6. This percent (0.4%) cannot beratio[ln%]. The particle concentration in gas streams is

minimized even though the cleaning period was ased.
The granules of clean and dirty quartz sand (0.4%du
were photographedFig. 14 by means of an optical
microscope with magnification power of (x10). A sytio
surface for a clean granule was observed whilediidy
sand the dust particles still adhere to the surfscthe
granule. The dust particles that adhere to theecoit
granules will enhance the agglomeration leadingaro
observed improvement in penetration.

3.1. Modeling Based onrf-)ey,

The effluent concentration history can be caladat

a quantity which cannot be measured easily or very
accurately especially at the beginning of the expent.
Even relatively modest inaccuracy in determiningo€

C often results in a highly significant error im,fexp

3.2. Modeling Based onr{o)preq

Referring toFig. 1, it can be seen that the cement
particle size of fim represents onlyl. 2% and the
median of the sample is 7.64ym. So it can be
expected that the mechanisms that control the
filtration process are the inertial impaction and

from solving Eq. 11-14 by numerical methods and the gravitational rather than diffusion. Optical paktic

relationship of Eq. 10. The solution was obtainsihg a

numerical method (modified Euler's method) with
MATLAB software version7, which gives the variation
of the penetration C/CVs. time. Ay can be estimated

from the plot of Ln(%} Vs. Time of the initial period

of experiments and them{e,, can be determined from
Eq. 18. {lo)exp for different variables are listed ifable
2. The highest initial unit collector efficiencyd)ex, can

size (7.617um) was adopted to calculatgcfpreqs

Several investigators have proposed correlations
for single-collector efficiency of granular beds. A
summary of these correlations can be found in Tien
and Ramarao (2007). Among these correlations,
namely, those of Thambimuthu (1981); D’Ottavio and
Goren (1983); Junget al. (1989); Pendse and Tien
(1982) Yoshida and Tien (1985). The correlation of
Thambimuthu (1981) was based on data corrected to

be observed to be 0.12 for experiment No.12 for 1mmeéliminate the contribution due to mechanisms other

collector size. Experiments 7-12 irable 2 represent a
high initial collection efficiencies compared witime
other experiments.

The filter constants,; and o, were evaluated from

the plot ofi—l versess . Equation 15 and 16 were

o]
exp

used to calculat® andc .

The values of the effluent history (G/@s. time)
that obtained experimentally and those estimateth fr
the model were compared fig. 15 A deviation from
the experimental data was observed to be wider vlen
bed depth increases. This is due to the assumpfion
uniform deposition which was failed at high depitsen

than inertial impaction. The correlation of D'Ottav
and Goren (1983) was developed based on data
collected under the conditions when the contributio
to the collection due to mechanisms other thantialer
impaction were insignificant, they combined three
dimensionless groupssN Ngse into a single effective
Stokes number Ngtwhich is used in correlating the
single-collector efficiency. Jung al. (1989) based on
their experimental data; develop an empirical
correlation taking into account the effect of the
interception parameter N in addition to inertial
parameter Ngf. The correlation of Yoshida and Tien
(1985) which is a modified version of the earlier

N = 10 (Tien and Ramarao, 2007). For shallow bed depthcorrelation proposed by Pendse and Tien (1982) was

inL =1 cmand N = 6 the assumption was met agoca

made by pooling all the available experimental data

agreement between the experimental data and th&hich include contributions due to inertial impactj

prediction was observed, especially at us = 4.3sedt,
Fig. 15a It can be observed that, at a point of initial
period of the experiment, the deviation between
experimental data and the prediction is larger cneqb
with the other points. This may be related to tbeuaacy
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interception, gravitational and Brownian diffusion.
The correlation of Yoshida and Tien (1985) was used
to estimate rfo)pres Which is found to be the most
suitable correlation of the experimental data ie th
present research.
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Fig. 15. Experimental and predicted comparison for (a) 1em, us = 4.3 cm séc(b) L = 1cm, us = 6 cm séc(c) L = 3 cm, us
=4.3cmset (d)L=3cm,us=6cmséc(e)L=7cm,us=6cmséc

The values of the effluent history of the modeddh ~ widened in Fig. 15-c, d because the non uniform
on (Mg)pred Were determined and compared with the deposition was not met for high bed depth (L = 3.cm
experimental datékig. 15 A reasonable agreement was
observed for shallow bed depth (L = 1 cm) exceptfo 4. CONCLUSION
initial period of filtrationFig. 15a, b The deviation may o
be resulting from the assumption of monodisperse A removal efficiency of more than 99% was
aerosol of 7.617um particle sizes. The deviation was obtained when quartz sand granules were usedtéw fil
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