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Abstract — Rigid ceramic filters have emerged as the most promising technology for hot gas cleaning due
to their resistance to attack by aggressive gases and high temperature. In this study, Silicon Carbide (SiC)
ceramic candle type filters able to remove fine dust particles from exhaust gas stream at brand-new type of
coal-combustion power generators such as IGCC and PFBC were examined under the high temperature -
high pressure (800°C and 10 atm : HTHP} and high temperature - 1 atm conditions, respectively with oper-
ating parameters like pressure drop, dust removal efficiency, filter resistance coefficient, and thermal &
mechanical resistance. The results from dust particles removal treatment over two sorts of dust from cokes
and water-glass processes using SiC ceramic filters (600.Dx10Thickx300Long) at 600°C and 1 atm showed
high removal efficiencies. As expected, pressure drop increased when mean pore size decreased. Other treat-
ments with the elongated SiC ceramic filter (600.Dx10Thickx600Long) under the same condition showed
that pressure drop had the values in the range of 187-391 mmH,0O as a linear function of temperature and
flow rate, satisfying Darcy’s law. Under HTHP conditions, performance resuits with the SiC ceramic filters
showed that pressure drop decreased as vessel internal pressure (3~9 aim) increased and increased linearly as
air flow rates increased. Especially in case of large vessel internal pressure, it is that influence of vessel
internal pressure on the pressure drop were larger than that of temperature.
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Table 1. Properties of dusts,
(A) water glass process

AAEF ¢ oo
i, R E T

Proximate analysis (wt %)

Moisture 1.01
Volatile 30.03
Ash 68.96
Fixed carbon 0.00
Heating Value (Keal/Kg) 454.7
Elemental compositon (wt %)

Si0, 13.04
ALO, 0.07
Fe,0, 1.06
Ca0 213
MgO 0.21
KO 0.17
Na,O 356
TiO, 0.08
MnO ND
50, 43,01

ND : A&7 4%
(B) Cokes process

=
Pt AT 2422 374 94
Proximate analysis (wt %)
Moisture 0.21
Volatile 2.55
Ash 13.93
Fixed carbon 83.31
Heating Value (Kcal/Kg) 6818
Elemental compositon {wt %)
Si0, 5.86
AlLO, 2.06
Fe,0, 1.69
CaQ 1.00
MgO ND
K.0 0.15
Na,0 0.08
TiO, 0.06
MnQ 0.01
PO, 0.14

ND : A& A 945
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Fig. 1. Dust size distribution.
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Fig. 2. Flow diagram of pilot plant apparatus.
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Table 2. Operation conditions of pilot plant apparatus.
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Table 3. Properties of SiC filter with 30 cm length.
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Fig. 3. SEM Photograph of SiC filter (70x).
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4

Weight/filtration area (kg/m’) 232 232 232 232 232 232 232 232 232 232
Porosity (%) 40 40 40 40 40 40 40 40 40

Mean pore diameter (pum) 72 60 83 83 90 77 77 45 43

Air permeability (co/min * cm® © cmH,0) 60 35 85 84 80 58 83 41 45

Firing temperature T, T, T, T, T, T, T, Ts T,

SiC particle size (um) 230 230 230 150 1500 150 150 150 300 300
Type of binder ) L L H L L H H H H

Amount of binder W, W, W, W, W, W, W, W, W, W,
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Table 4. Properties of SiC filter with 60 cm length,
2 x4 EAr 22 23 24 25 26 27
Weight/filtration area (kg/m®) 23 23 23 23 23 23 23
Weight/element (kg) 23 23 23 23 23 23 23
Density (g/cm?) 1.88 2.04 1.84 1.84 1.89 1.94 1.97
Porosity (%) 39 34 43 42 40 38 35
Mean pore diameter (pum) 68 65 68 68 68 68 66
Air permeability (cc/min * ¢’ - emH,0) 50 10 55 55 50 45 15
' Firing temperature T, T,+ 30°C T, T, T, T, T,+30°C
SiC particle size (um) 230 230 230 230 230 230 250
Type of binder L H L L L L H
Amount of binder W, W, W, W, W, W, W,
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Fig. 4. SEM Photograph of SiC filter prepared at different firing temperature (A} T, (B) T..
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of SiC filters as a function of porosity.
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Fig. 6. Pressure drop of SiC filter with 60 cm length
in terms of face velocity; (A) SiC No. 2-1 (B) SiC
No. 2-3.
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Table 5. Filter resistance value of SiC filter with 30
cm and 60 cm length.

el HE K, (m™) K, (m™)
el 30em ¥H
1-6 3.793<10E10 1.516x10E7
1-7 3.755%10E10 2.081x10E7
1-8 1.150x10E10 4,092x10E7
1-9 1.215x10E10 2.120x10E7
o] 60cm HE
2-1 7.175x10E10 1.139x10E7
2-2 3.514x10E11 7.024x10E7
2-3 6.856x10E10 4.047x10E6
2-4 6.520x10E10 7.469%10E6
2-5 6.419x10E10 1.875x10E7
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Fig. 7. Dust collection efficiency of SiC filter with 60
cm length; (A) SiC No. 2-4 (B) SiC No. 2-2.
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Table 6. Dust collection efficiencies.
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2-4 99.86 9936 e EH
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Fig. 8. Pressure drop of SiC filter No. 2-1.
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Fig. 10, Pressure drop in terms of vessel internal pres-
sure and flow rate : (A} SiC No. 2-1 (B} SiC No. 2-7.
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d : particle diameter of medium (um)
m : dust load (kg/m?)
t : time (sec)
z : thickness of filter (m)
c : dust concentration {g/m®)
L : thickness of dust cake (mm)
P ¢ pressure (mmH,Q)
T : temperature (°C)
U : face velocity (cm/sec)
K, : flow resistance for a gas viscosity (m™®)
K, : flow resistance for a gas density (m™)
K. . : particle sphericity
M, M, : inlet, outlet mass loading of dust (mg/m’)
Ni, N, : inlet, outlet particle number of dust (particle
’ number/m®)
O.D  : outer diameter (mm)
Se » specific surface area of the medium (m™)
p : gas density (kg/m®)
Pe : particle density (kg/m?®)

ClxiEEt M08 H2s 20019 63

il

i2.

ol g
1 : gas viscosity (kg/m - s)
E : void fraction
0] : kozeny parameter
AP : differential pressure (mmH,0)
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