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Abslract-In order to observe the effect of particle shape of poly-dispersed dusts Oll filter perfomtance, the pressure 
drop across the dust cakes of fly ashes from a conventional power plant (PC), fluidized bed combustion (FBC), and 
paint incinerator (FI) was measured over a metal filter dement in the accurate conditions. A fluidized bed column was 
used to prepare the dust feed stream of uniform particle distribution. The fine particles of FI ash have a tendency to 
be agglomerated at low transport velocity. The aggregates were broken at lfigh velocity of more than 21 Cln/sec. FBC 
ash composed of jagged type particles and containing high concentration of unburned-carbon showed higher pres- 
sure drop than that of PC ash composed mostly of spherical particles. FI ash composed of aggregates of very fine car- 
boil particles presented the highest pressure drop among the fly ashes tested. The shape factors of PC, FBC, and FI 
ash were esNnated as 0.91, 0.76, and 0.65, respectively, by the Eigun equation. The results implied that the irregular 
particle tends to form a higher pressure drop and to be more compressible than spherical one. 
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INTRODUCTION 

Filtration is one of the most advantageous methods for remov- 
ing particles from every !rind of gas/solid system since it provides 
very high collection efficiency and is applicable at high tempera- 
~re and pressure in order to achieve a thelmally efficient and eco- 
nomical systera. This has led to a renewed interest in flltl-ation. Re- 
cently, filtration systems have been applied to many advanced sys- 
tems like gasification, fluidized combustion, incineration, and chem- 
ical processes [Choi, 1999; MiteheU, 1997; Park et al., 2000, 2001 ; 
Yoa et al., 2001]. 

For the coz~tuous operation of the film; rite filter element should 
be cleaned perkxflimlly when the pressure drop of the system reaches 
a tolerable limit by reverse flow or by pulse cleaning. In the normal 
cleaning step, the dust cake of the ti-ansition layer is detached when 
the cleaning force overcomes the binding force of the dust cake. 
So pressure drop of the filtration system is amain factor for the nor- 
mal operation and the design of the filter system. The root of the 
pressure drop across the dust cake is mainly the s~uc~re of the dust 
cake denominated by rite cake porosit~ In general, the porosity of 
a packing body is lower for the particles of larger size, of poly-dis- 
persed than mono-dispersed dust, and of lower shape factor [Perry 
and Greerl, 1973]. Even for the spherical unifomt particle, rite poros- 
ity of the pacldng body has the value of 0.260 (rhombohedml)-0.476 
(cubic) according to the army methoc[ The compressibility due to 
the binding forces of the p~Iides and the face velocity difference 
is also another factor affecting the porosity of the dust cake. So it is 
very complicated to estimate the pressure drop of the composite 
dust. Therefore, the filtration conditions should be adjusted with the 
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system to system since the particle properties from different sources 
are quite different. The key factors affecting the filtration perfor- 
mance by particulate are pointed out by the dust loading, particle 
size ds stkape factor, density, electric ctkazge, chemical reac- 
tivity, and surface morphology [Chetng et al., 1998; Neiva et al., 
1999]. Correlation about these factors is mtw~-lly expressed by Evgun 
equation for the general fabric filtration systera using a fabric filter 
element [Aguiar and Coury, 1996]. However, data about the fly ashes 
from FBC and incinerator systems are rare. 
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Primary focus of  this study is to observe the pres~a~re ~ ten- 
dency of fly g~hes of differe~ particle shape For the purpose of  this 
work, fly ashes filnn conventional power plmt (PC ash), fluidized bed 
combustion (FBC ash), and paint incinerator (FI ash)were chosen. 

E XPE RIME N T AL  

Fig. 1 shows the schematic diagram of the eXl:erimental unit. The 
particle size of  the fly ashes fi-orn PC ash (colleaed by the 3 ~ elec- 
tric precipitator of  a conventional power plata), FBC ash (collected 
by the 3 'd eleclric precipitator ofDonghae FBC power plant), and 
FI ash (collected by a ceramic filter unit in awaste paint incinera- 
tor) were classified in the fluidized column in order to get a uni- 
fonn 4tst slremn by using the ~y  ak and di-ectly fed to the test col- 
umn. The proper amount of fly ash was filled initially and enlrained 
at a given superficial velocity. The enlralned stream of the fluid- 
ized bed was chosen for the experimental dust. A part of the dust 
stream was inlroduced into an in-situ aerodynamic particle size an- 
alyzer (API Aerosizer) fi,om the top of  the test column in order to 
measure the particle size distribution. In order to reduce the side 
effect ~ m  the pressure of  the main slream, the outlet of the main 
slream was fi,eely ventilated in auater bath. The face velocity across 
the filter elmaent was exactly conlmlled with amass flow conlrol- 
ler connected to the vacuum ptunp. Pressure drop was measured 
by a d i f f~ t i a l  pressure transducer and recorded in the time vari- 
ance The fresh filter element was used for each nm. The metal filter 
element was fabricated with the metal fiber meshes and composed 
with three layers. Its average pore size is about 100 gra as shown 
at Fig. 2. The disk filter element of 6 cm diameter was fixed in the 
fdter holder in the way that most of  the particles inlroduced into 
the test coknnn were collected on the fdter dement The dust amount 
loaded during the filtration was weighed alter a ran. The dust was 
loaded linearly in the time variance during the first fillration of  about 
30 minutes. 

RESULTS AND DISCUSSION 

The samples of the fly ashes used in the experimental have dif- 
ferent composition espedally in the carbon content as shown in Table 

Fig. 2. SEM hnages r the f r e ~  metal filter dement for the nor- 
mal  (a) and thid~uess (b) plane. 

1. YI ash contains the highest amount of  cabon, about 52% with 
the high concentration of  Ca(3 and PbO. The composition of un- 
burned carbon in FBC ash is about 23%. Table 2 shows the lshysi- 
cal properties of  the taw fly ashes fi'om the plant site. The volume 
average mean particle sizes of raw fly ashes were analyzed with a 
mastersizer (Malvem insmunent). Three kinds of  fly ashes having 
an aerodynamic size of particles entre~ned at the superficial veloc- 

Table L The chemical  composit ions of the raw fly ashes 

Components (%) SiO~ A1203 Fe~O3 CaO SO3 K20 PbO TiO~ C 

PC ash 49.0 29.4 6.0 5.4 0.9 1.6 5.6 
FBC ash 33.4 26.7 3.1 5.9 2.1 1.6 23.0 
FI ash 18.2 1.1 0.6 10.9 0.6 4.9 1.3 52.1 

Table 2. Physical  properties of the raw fly ashes 

Property Method PC ash YBC ash FI ash 

Volumetric mean particle size 0tm) Mastersizer 19.15 45.68 37.55 
True density Le Sattlier 2.381 1.825 1.026 
Bulk density 0.772 0.545 0.164 

Packing porosity (%) 67.6 70.1 80.0 
Specific surface area (m~/g) Mastersizer 5.5 48.4 170.5 
Morphology SEM Spherical Iagged Aggregated 
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Table 3. The  geomeWie particle sizes o [ f ly  aahes dassn ied  in the 
f luidized bed 

Vo, cm/s PC ash, gm FBC ash, gm FI ash, [tm 

5 4.30 4.88 11.10 
13 6.70 6.66 7.45 

21 11.17 11.72 4.46 

Fig, 3. S E M  images  of PC ash entrained at the given Vo. 

it)" (Vo) of  5, 13, and 21 cm/s were prepared in the fluidized bed 
column. Each sample prepared at the same sup~ficial velocity is 
assumed to have the same a e m d ~ i c  particle size. However, the 
geometric mean particle sizes (d~) are slightly different as shown in 
Table 3 since theh- densities are different. The partide size of FI ash 
at high superficial velocity (Vo) is reduced since the aggregates are 
broken due to the high attr~ion force at the high velodty. Salter 
mean diameters of  the fly ashes were slightly larger than those of  
the geometric mean particle sizes. 

Fig. 3 shows SEM images of the PC ash collected in the filter 
element for the different superficial velocity. Most of  the particles 
are spherical and sknilar to the fused-flue dust defined in literaure 
[Perry and Cfeen, 1973]. According to Peny and Cxeen, the shape 
factor of  this kind is 0.89. The largest particles are cut at the low 
superficial velocity. So the classified particles present a monomial 
mode of particle di~ribution compared to the binomial mode of 
the raw ash. 

As shown in Fig. 5, FBC ash presents the jagged type that is din- 
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F i ~  4. The particle  size distribution of the PC ash entrained at 
different Vo in the f luidized bed. 

F i ~  5. S E M  images  of FBC  ash entrained at the given Vo. 

ilar w ~  the crushed-dass deemed in the literatt~ ['Peny and C~een, 
1973]. They repmted that the shape factor of  this type is 0.65. FI 
ash showed quite different type of particles that are agglomerated 
at low superfidal velodty offluidized bee[ The agglom~-ated pagi- 
cles are busted at high velocity as shown in Fig. 6 that presents the 
~xnaller particle size as the larger superfidal velocity. It was &served 
that the original size of the agglomerated particle is less than 1 pm 
as shown in the last figure of  Fig. 6. The agglornerated paxticles 
are more similar with the flue dust aggregates defined in the litem- 
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Fig. 6. SEM images of FI ash entrained at the given Vo. 
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Fig. 7. The par/iclesizedisWl~ulion o[llysshesenlrs~nc~lstVo= 
13olt/s. 

ture [Perry and Green, 1973] having the shape factor of 0.55. Fig. 
7 represents the typical pattem of the particle size distribution of 
the three s~nples for Vo=13 cm& FI andFBC ash is cut more dear- 
ly than PC ash. And ther sizes are relatively larger than that of PC 
ash because their densities are low. Table 3 denotes the several mean 
particle sizes that classified by the superficial velocity of the fluid- 
ized be d 

The total pressure drop (APt) of the filtration denotes the sum of 
those across the filter element (APt) and the dust cake (APc) and 
expressed by Eq. (1) by using Darcys law. The filter r (S) re- 
presents the value of the presmre flop over the face velocity like 
Eq. (2). It is linear with the value of  the area dust load (W) at the 
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narrow range of the real operation conditions [Cheung et at, 1998; 
Neiva ct at, 1999]. The filter drag coetticier~ (K2) of the equation 
is the key value in order to predict the property of the dust cake. 
And it is a fimction of the factors like porosity (e), particle density 
(pp), particle shape factor (a)~ mass mean particle size (dp), Santer 
mean pagicle size (d~)~ and gas viscosity (g)~ And the filter drag 
coelticient (K~) may be expressed by Eq. (3) [Neiva et al., 1999] 
or Eq. (4) [Aguiar and Couny, 1996] by using the Kozeny-Car- 
man equation based on the NNan equation [E~an, 1952]. Eqs. (3) 
and (4) have been adopted usefully for poly-disperse pagicles even 
though they are semi-empkical for the mono-disperse dusts [Cheng 
and Tsai, 1998; Aguiar and Courry, 1996]. 

APt =APF + APc = klVo, +k2VfW (1) 

s=-~-~f=~,w (2) 

K2 = 180(1 - s ) .  (p~(p~d2p)-l.g (3) 
S3 

K 150(1-e )  2 -1 
2 = e3 "(P~dD .p (4) 

For the fly ashes used in the study, the particle density and the 
gape factor are higher in the order of PC ash>FBC ash>Fi ~ .  
Because the product of these two factors has also the same order, 
the estimated value ~txesmre ~ap by Eq. (3) increases in the order 
ofFI mh>FBC ash>PC ash for the similar partide size. Fig. 8 shows 
the filler r~ag of FI ash is the highest, followed by FBC ash and 
PC ash in the order for the similar particle size entrained at Vo=13 
cm/s. This result d~otes that the shape factor is very dominant de- 
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Fig. 8. The effect of particle lype on file filler drag for Vo=13 cm/s 
and V/=6 cm/s. 

ment in determining the filter perfonnance of the poly-disperse 1 ~ -  
t ides .  

S-W ~ curve for fly ashes over the metal filter element showed up- 
ward curvature at initial time of dust load and tend to approach the 
linear curve at high load after the filter dement is conditioned The 
conditioning thne was long because the pores are continuously 
plugged with the pe~letvating particles tt=ough the deep bed of file 
filter. The high tendency of the UF~vard curvature implies high com- 
pressic~l of the dust layer or high peneb-atic~l of the dust particles. 
The last effect is negligible in this study since the dust layer is too 
thin to be compressed at the initial stage of the filtvadc~l. In the case 
of PC ash, the vaiiadon of the filter dl-ags with the particle size and 
the face velocity is relatively small as shown in Fig. 9 and Fig. 10, 
respectively. However, the filter drags for FBC ash and FI ash are 
noticeably higher as the particle size is smaller and the face veloc- 
ity is higher as shown in Figs. 11-14. 

Table 4 presents the K~ values measured m the linear region of 
S-W curve measured atthe face velocity of 6 cm/s for the fly ashes 
entrained at V~ 13 cm/s. The filter drag coefficients of FBC and FI 
ashes are higher than that of PC ash, which can be expected by Eq. 
(3), because the density and the shape factor are lower than those 
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Fig. 9. The filter drag of PC ash at Vy=6 cm/s in the variance of 
dust load for the particle size of ( l )  11.17, ( A )  6.70, and 
( I )  4.30 ~Lm. 

Fig. 10. The  effect of  face velocity on the filter drag of PC ash. 
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Fig. 12. Ti le  effect of particle size on tile filter drag of FI ash at 
Vj=6 cm/s. 

of PC ash, even though the particle size is larger. The porosities of 
the dust cake are shown in Table 4. The cake porosity of PC ash 
was higher than that of FBC and FI ashes, which implies that the 
shape factor is the dominant factor for the filter drag. As shown at 
Figs. 9-13, the filtration drag deviatic~ls with the particle size and 
the face velocity for FBC andFI ashes were larger than that of PC 
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Fig. 13. The effect of  face velocity on the Filter drag of FBC ash en- 
trained at Vo =21 cm/s. 

were measured over a metal filter element. The p a ~ d e  sizes of  the 
fly ashes were classified on tile fluidized bed colunm to prepare 
the sample having the same aerodynamic particle size. FBC ash 
was composed of  irregular particles and contained a high concen- 
b-aticxl of unbtarled carbon. So its shape factor and density are low. 
PC ash was mostly composed of  spherical particles and presented 
lower filter drag even though its particle size was smaller. FI ash 
aggregated with very fine carbon particles showed the highest pres- 
sure drop among the tested fly ashes. The fine particles of FI ash 
have a tendency to be agglonlerated at low flow velocity Tile ill- 
tmtion drag deviations with the particle size and the face velocity 
for FBC and FI ashes were larger than that of PC ash even though 
the particle size was larger. The result implies that the irregular par- 
tide tends to be more compressible than the spherical one. 
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Fig. 14. The  effect of  face velocity on the filter drag of  FI ash en- 
trained at Vo =13 em/s. 

d~ : deometric mean particle size [cm] 
dp : mass mean particle size [cm] 
d, : sauter mean particle size [cm] 
K2 : filter drag coefficient [s 1] 
S :filter drag [dyne.s .cm -3] 
Vj, : face velocity [cm.s 1] 
Vo : superficial velocity in fluldized bed [cm.s 1] 
W : area dust load on the filter element [g. cm -2] 
APe : pressure drop in clust layer [dyne.cm 2] 
AP~ : pressure drop in filter layer [dyne.cm 2] 
APt : total pressm-e drop [dyne-cm -2] 
e :porosity [-] 
g : air viscosity [g 's  -1 ' c m  -l] 
p : particle density [g ' cm 3] 
q~, : shape factor of particle [-] 

A C K N O W L E D G E M E N T S  

ash for tile ashes entrained at file same V~. Tile result implies that 
the dust cake of  irregular particles tends to be more compressible 
than that of spherical one. The shape factors calculated by Eq. (3) 
fi-om tile expeliillental data are shown in file last colmlm of Table 
4. The values are similar but slightly larger than those reported by 
file literature [Perry and Green, 1973]. Tile reason wily file shape 
factors measured are larger is that the dust samples prepared with 
the fluidized bed column are more unitbrm than those of raw fly 
ashes. 

C O N C L U S I O N S  

In order to observe the effect of particle shape on filter perfor- 
mance, file filter drag of fly ashes fi-Oill a conventional power plant 
(PC), fluidized bed combustion (FBC), and paint incinerator (FI) 

Tile authors would like to t i~lk tile Korea Energy Management 
Corporation, Korea Institute for Energy Research, and Institute for 
Advanced Engineering for its financial support. 
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