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Abstract — Simultaneous removal technology of particulate/NOx/SOx/HCI using CuO/3AL0,-2Si0, catalyst
impregnated ceramic candle filters is an advanced air pollution process and provides significantly to reduce
hazardous gases emitted from coal-fired power plant. This process uses a high-temperature catalytic filter for
integrating SOx and HCI reduction through injection an alkali sorbent (such as hydrated lime or sodium
bicarbonate), NOx removal through ammonia injection and selective catalytic reduction (SCR), and particu-
late -collection on the catalytic filter surface. The advantages of the process include : compact integration of
the emission control technologies into a single component; easy handling of dry sorbent and by-product; and
improved SCR catalytic life due to lowered SOx, HCl and particulate levels. CuO/3AL0,-2Si0, catalyst
impregnated ceramic candle filters showed a possibility of simultaneous treatment from results which have
ascertained high removal efficiency at various combined gases conditions, and in pilot plant test for 3
months, NO conversion was showed 90% over.
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Table 1. Properties of ceramic candle filters.

Material Al0;-Si0,
Qutside diameter (mm) 60
Inside diameter (mm) 40
Length of element (mm) 1000
Length of collar (mm) 37
Weight/surface area (g/m?) 2517
Weight/element (g) 500
Thickness (mm) 10
Pore volume (%) 90
Bulk density (g/cm’) 0.20
Surface area (m?) 0.19
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Fig. 1. Photographs of CuO/3Al,0; * 2S8i0, catalytic
filters.
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Table 2. Properties of CuO/3AL0; « 28i0, catalytic filters.

Gl G2 G3 G4 G5 G6~G18
Catalyst weight (support base) (wt.%) 10 9 9 7 7 5
Support weight (filter base) (wt.%) 20 20 20 20 20 20
Porosity (%) 89~90 89~90 89~90 86~87 86~87 84~85
Bulk density (g/cm’) 0.30 0.30 0.30 0.36 0.36 0.40
Air permeability prior to support loading .
(cc/min - cm?® + 10 cmH,0) 370~600
Air permeability after support loading "
(cc/min * ¢cm® + 10 cmH,0) 270~500
Air permeability after CuO loading 175~410  190~420  190~420 210~440 210~440  230-460
(cc/min - cm? » 10 cmH,0)
BET surface area (m/g) NI 51.6 51.6 48.5 48.5 32.7

(ALO;-S10, : 53.6 mY/g)

NI : no investigation.
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Fig. 2. Preparation method of (a) ceramic candle
filters and (b) Cu0/3A),0; + 25i0, catalytic filters.
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Fig. 3. Schematic diagram of bench scale apparatus.
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Table 3. Operating and experimental conditions of
bench scale and pilot plant apparatus.

Specification unit range
bench scale
material SUS 3108
SUS 304
temperature °C 200~500°C
pressure bar 0.5~1.5
differential pressure mmH,0  0~1,000
pulse pressure bar 2~5
valve opening time sec 0.1~5
pulse interval min 5~10
face velocity cm/sec <10
NHy/NO mol ratio 1.0~12
NO ppm 2,000
SO, ppm 2,000
HCl ppm 1,000
NH, ppm 2,000
0, % 2~5
GHSV* hr'  1,969~9,000
Lime (Ca(OH),)
Carbonate fo pass test
Insoluble matters in HC1 max % 0.1
Chloride (CI) max % 0.02
Lead (Pb) max % 0.004
Arsenic (As) max % 0.00005
Subs. not pptd by C;H,N,O,H,0 max % 40
Sulfate (SO,) max % 0.05
Iron (Fe) max % 0.02
Assay max % 95.0
Dust
sort :
dust emitted from cokes process
moisture wt.% 021
volatile wt.%. 255
ash wt.%. 13.93
fixed carbon wt.%. 83.31
heating value keal/kg 6,818
pilot plant
temperature °C 310~350°C
air flow rate m*/min 1~3
pulse pressure bar 3~5
valve opening time sec 0.1~1.0
pulse interval min 5~10
NH/NO mol ratio 1.0~1.2
NH. ppm 2,000
inlet NO conc. ppm 300~400
GHSV* hr'  3,289~9,868

* . Gas Hourly Space Velocity.
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Fig. 4. Size distribution of (a) lime and (b) dust
emitted from cokes process.
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Fig. S. Schematic diagram of pilot plant apparatus.
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Fig. 6. SO, removal efficiencies of G1 catalytic filter
at different temperatures and Ca/S mole ratios with
lime injection.
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at different temperatures and space velocities with
lime injection.

Energy Engg. J (2004), Vol. 13(2)



140

100
SN = 8,568 1/nr, CalS0; = 2 (a)
503 : 2,000ppm, NO : 2,000p0m
K, © 2.000ppm
~ 80
g
=
2
g
8
o 604 —8- DeNOx only
-6 DeNOX in simusit ¥ § reacti
—A—DeSOx in simutt r ! reacti
40 T ; 7 r T
100 200 300 400 500 600
Temperature (°C)
100
(©
§ 0
[~
2
4
]
2 $.V = 4596 1w, CalS0z = 1.6
8 60 $02: 2,000ppim, NO : 2,000pptn
- only NHg 1 2,000ppm
~&r~ DaNOx in si removal
~A—DeSOx in st { roacti
49+ v T v ¥
100 200 300 400 500 600

Temperature {°C)

oz & - o] B4
100
()
g%
1]
2 CalSO; = 16 50z : 2000ppm
§ NG : 2,000ppm NHa : 2,000ppm
8w w
~8--DeNGx only (4,596 1/fr}
—&—DENOX oy (2,828 e
~—-DONOX in timuitaneovs ramoval raaction (4,696 1for)
~fg-~ DONOx Ity simidtanaous removal reaction (2,828 1/hr)
-~ DeSON in simutaneous Temoval reaction (4,596 1ihr)
@ ~E3—DeS0x in simultanecus remavat resction (2,826 1/tr)
T T T v
160 200 300 400 600 600
Temperature {°C)
100
Cal50; =15 $0z: 2000ppm {d)
NO : 2,000ppm Kty : 2,000ppm
g%
=
2
g
g
© 80 —~ -~ DONOX only {4,586 tihe}
- DOROK Only (2,826 1/hr}
& DONOK in simétansous ramwal reaction (4,506 /i)
e~ DONDX in siedtaneous ramoval reaction (2,626 1fhr}
~ 3 DeSOX in timidtaneous removal reaction (4,596 11w}
-~ DES0X in simuttaneous Femova) reaction (2,628 1/nr}
40 T T Y v
100 200 300 400 500 €00

Temperature (°C)
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