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Abstract

In the dust separation by using porous filter media, the structure of dust layer deposited on the

filter surface of

filter medium directly affects the effective filtration. The present study has investigated the specific resistance (K,")
of the dust layer and its porosity (¢,.) for three different filters; FA composite filter, metal fiber filter and stainless
filter. The specific resistance (K,") increased and at the same time the cake porosity (€,) decreased with the increase

of filtration velocity, possibly due to the compressible effect of dust layer.

However, under the low dust concentration, subsequent dust particles would block the open channels through the

layer resulting in high specific resistance of the layer. The FA composite filter among three filters

was shown to be

the most effective filter for dust cake filtration at low filtration velocities less than 0.1 m/s for an approximate dust

concentration of 5 g/m’>.
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Fig. 1. Schematic diagram of apparatus used for dust filtration.
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Fig. 2. Surface observation of three filters implying struc-
tural difference.
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Table 1. Mean flow pore diameter and porosity of three
test filter media.

FA (Fly ash)

. f Metal fiber Stainless
composite filter filter
filter
Mean flow
pore dia. (1tm) 3.37 30.47 1.86
Porosity (%) 54.3 82.4 46.8
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Fig. 3. Cumulative size distribution of classified dust
particles.

Fig. 4. Shape of ash particles used for aerated dust.
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Fig. 5. Filter drag vs. areal density with filtration velocity
at dust concentration of 5 g/m®.
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Table 2. Specific resistance (K,)) of dust layer with fil-
tration velocity at feed concentration of 5 g/m®.

Filtration Ky'(m/kg)

velocity  FA composite  Metal fiber Stainless
(m/s) filter filter filter
0.10 3.50x 10° 1.21 x 10° 8.51 x10°
0.15 5.89x 10° 1.57x10° 9.13x 10°
0.19 8.07 x 10° 1.87 x 10° 10.95 x 10°

9, ol w4 A7 §3 EEE W ol %A &
3 Bels $= (Brownian motion)g o=z ¥
Wuz A&Hez A5 Ho] FefujAe £A
29 713e 22N WE Aoz Aads

Metal fiber RE}= 7)Z =7)7} ©& ¥E (30.5um)
o) w3 Wi =AY, A4t el Fe-Ni-Al 35
olo]Al ®A AR AA7] & (Electrostatic effect)
o 28] TE] 7Rt ¥ e Z7)9] YAA=E
ZA§ 2 glch 2 metal fiber 28] =3 QAR oz
wiBEr} S7Hg Wt $A2 wARe Frhee
AgFe welx YA 71F 27} wiAdReE
npe nprxe] g MY} g el 7t
A AP BxZo] BEHE HFE Mk
o) 3t BFYs A2 3hte) pin-hole 43}
o], e W W Zoz fA7t B8 A4EY
81 4} (channeling effect)’ o] dojdo s 1 FioA
o1z} Z3} (particle penetration)7} ExH o2 HhAs}
o] dstagx DojxA P} webM 23 5 (b))l
o] A PP o mAF ups} o] RH o= Y
77} A7) Zasts Agke Bk 2@ 28
g2 2o AL, FeuAe $A7 G FAR
(1.65mm), 71 237)7} 714 Aoz 27 AL o
2 gelo) vla) = 22, #3937} ARHEA
Nge) 4R ud 2 oyl YA 26
=9 fol uiz FoeH ¥ o34 EAFTE
3 A sbe] W 2ed 7} (depth filtration) Bt 2R3
(surface filtration)7} AR ez o}Foix &5
o] W2 22 wxE H3pl 22 dsken], AA
How BAZ 28 sl A afHoz ofF
oA I gJ&E Feld & sl

£ 20] Q988 wAF o wWHE R ¥R
v ste] Auigte ARdA FE ol P4 A
Zo] 74 Z e Relw glovt 4 Fvl wE
WIEE FA %4 A2 FEEA dehda sle

g 71g7AEsA] A203 A3 F

Az BejuA) o] F2o) whel ol YA £A
29| Fz7)} defabA AL 222 8E viFo
AR 4 gl AR FElAl] A A3l F
52 o] Folx ¥AFo] B} 2Usn A
A AR o= 2 wiHg Fol AN AA e
U= Aoz Algdch g9, ARl Y meal
fiber REjehe e PR FATe] Y= FA %3
Nk ZEE S5 wE FrhEel el HA =2
A vieldeth FA 823 A=k gEe Adfadel ohd,
Mer o)) 4R 2ASQ B GE F 7 E
Bl Aot W ge BolFEe 23 934 A
aHEe s $A9 APHS AHd el
W she wbae] ZRA Ao|rt gl Aoz &

i
o
N
>

g
Moo
o
Lo
oo
M

[

I

ol L
o -z

& @ o
2
e 4

R

2

4 °
B e
A2

o
o
o
e + 2
L,
F g
et
He
ol jﬁ \-n

2
ol
=
3
Q
2
)
o

A A (hHERE & BE) AFS: F sHEAEHAR
ol Aete] 27 WA whE AF = (W)9
ez Jepd 5 e

2 AFNE 2A%s Wt o} ¥ |1
Agk Aw (W) o I A ) 4aARAE =3
o] 1 7)grlanE A3 uAE s AEsm
ge] 727} G2 A 7HA 72 DEel diste] ¥
Zakdeh Aol QoA YAF g L== B
QA FAR oz FA=NG selgks £ 4R
7t olsabhal Tk wol 2FH FA=|o] ®Ale] A
gkgAlo] wysla g, 2 dE] R A4 FE=
RapalA A3t FFe)E vlg IR vk
2 3]0 whE AL Eshe] 5,10, 15,20 g/m’el <
Al BASE e FeozH dHoled] A
& FoliA AT I3 6 AN A 7HA) 2
Bl sl 7 AR gzl 0.1 miselA ¥
Aexo] W YE Age] wIkE ReiFm 3tk
£ 33 23N <138 vls} Ze) A JhA 2H =
= gaRes e Bkl ¥ ¥ ¥AF
nA e Vel olet (Heertjes, 1957). &, 23 o

3
i
>
30
£
e
L
ofi
T
X
3
e
)
of
fl

5y



1400

1200 /

800
600 < e
400 PR e e -

LT R
200  potmian TR

S (Nmin/m?)

0.0 0.2 0.4 0.6 0.8 1.0 1.2
W (kg/m’)

(a) FA composite filter

2 o
= |
£ |
4 ;
« I
00 02 04 06 08 10 12 14 16
W (kg/m®)
(b) Metal fiber filter
2500
2000
)
£ 1500
g
Z. 1000
175}
500
0
00 02 04 06 08 10 12 14 16

W (kg/m*)

(c) Stainless filter

’iconc‘ =5g/m’ e conc.=10g/m* mconc.=15g/m’ aconc.=20g/m’ |
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tration at filtration velocity, 0.1 m/s.
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Table 3. Specific resistance (K,") of dust cake with dust
concentration at the filtration velocity, 0.1 m/s.

Dust Ky (m/kg)
concentration  EA composite  Metal fiber Stainless
(g/m”) filter filter filter
5 3.50x 10° 1.21x10° 8.51 % 10°
10 1.79 x 10° 1.13x 10° 3.93x 10°
15 1.38 x 10° 1.03x 10° 3.24x 10°
20 1.21 x 10° 0.94 x 10° -
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Table 4. Comparison of dust cake porosity (g;) and bulk
cake porosity (g,) with filtration velocity at feed
concentration of 5 g/m°.

Cake porosity (€,) Bulk cake porosity (g,,)

FA Metal
composite  fiber
filter  filter

Filtration
velocity ~FA  Metal
(m/s) composite fiber

filter filter

0.10 070  0.67 0.53 0.76 0.71 0.61
0.15 0.58 0.63 0.49 0.62 0.69 059
0.19 042 059 0.45 0.56 063  0.54

Stainless
filter

Stainless
filter

Table 5. Comparison of dust cake porosity (g;) and bulk
cake porosity (g,) with dust concentration at fil-
tration velocity, 0.1 m/s.

Cake porosity (€.) Bulk cake porosity (g;,)

Dust
conc. FA Metal Stainless FA Metal Stainless
(g/m?) composite fiber ﬁlter‘ composite  fiber filt .
filter filter filter filter e
5 0.70 0.67 0.53 0.76 0.71 0.57
10 0.75 0.69 0.71 0.78 074 079
15 0.80 0.72 0.73 0.82 078  0.82
20 0.83 0.75 - 0.92 0.80 -
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Nomenclature
C  Dust concentration kg/m
D, Particle diameter of media m
D., Particle diameter of dust layer m
K, Resistance of dust layer N-min/kg-m

K, Specific resistance of dust layer m/kg
L. Dust layer thickness m

Ng. Reynolds number

AP Pressure drop N/m?

AP, Pressure drop across dust layer N/m?

AP,, Pressure drop over medium N/m?

S Filter drag N-min/m?
S Clean filter drag N-min/m?
t Filtration time s

u  Superficial fluid velocity m/s

W Areal mass density kg/m

g7 RA R A20D A3

€ Porosity of medium
€, Bulk porosity of dust layer
€. Dust layer porosity

p  Fluid density kg/m®
p, Particle density kg/m’
W Viscosity Ns/m?
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