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Abstract—In order to obtain the optimal conditions for dry sorbent injection process of Kwangyang steel Co., SO, re-
moval efficiency of calcium-based sorbent was examined at various experimental conditions. Development of metal oxide
sorbents such as CuO, Fe,0;, TiO, and ZnO was carried out to compensate for low utilization of calcium-based sorbent.
Removal efficiency of sorbent was below 5 % at 250 °C, the temperature of present injection point, and was maximum 60 %
at 800-900 °C, the temperature of downstream of heat exchanger and stabilizer. Therefore, present injection point must be
changed to higher temperature region. Comparison of removal efficiency of calcium-based sorbent and various metal oxide
sorbents revealed that CuO was superior to the other sorbents below 400 °C and calcium-based sorbent was favorable at
high temperature above 450 °C.
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Fig. 1. Schematic diagram of experimental apparatus.

XRD GC TGA
Items Conditions Items Conditions Items Conditions
Target Cu Ka Column Teflon Temperature("C) 20-900
Filter Ni Packing material Chromosil 310 Gas composition N, balance
Voltage(kV)/Current(mA) 30/20 Column length 8 x1/8 Heating rate(’C/min) 20
Div. silt(mm) 1 Carrier gas flow rate(ml/min) N,, 20 Gas flow rate(ml/min) 25
-Res. silt(mm) 0.15 Column temperature(°C) 50 Sample amount(mg) 2
Diffraction angle(deg) 10-80 Detector type TCD Pressure(atm) 1
Scanning speed(deg/min) 4, 8, 10 Detector temperature("C) 70
Detector SC Current(mA) 75
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Table 2. Experimental conditions for sulfurization

Items Conditions
Temperature("C) 250-950

Gas composition(ppm) S0, :500-5000, N, balance
Gas flow rate(ml/min) ) 20

Particle size(mesh) 140-200

Sorbent amount(mg) 3, 10, 200
Pressure(atm) 1
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Fig. 2. Thermal analysis of auto feeder sorbent.
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Table 3. Results of XRD and EDX analysis for Kwangyang sorbents

ola% - A3 - FAS

Sorbents Crystallographic structures from XRD

Elements(%) from EDX

Hopper Ca(OH),, CaO, CaCO,
Auto feeder Ca(OH),, Ca0, CaCO,
Reactor dust
CaS0,, CaSO,:None
Ca(OH),, CaO, CaCO;: None
CaS, CaSO0,, CaSO,:None
Ca-Cl-Si-Fe-K-Al compound

Bag filter dust

Ca(OH),, CaO, CaCO,, Ca-Fe-Si-Al-Cl compound, CaS,

Ca(100)
Ca(100)
Ca(44.87), Fe(30.85), Si(9.76), Al(9.73), CI(4.79), S(none)

Ca(28.52), Ca(25.78), Si(21.86), Fe(9.76), K(7.76),
Al(6.72), S(none)
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7483, Ca(OH)®| A a2 Z713Hs gald 4= gld oA
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Fig. 3. XRD powder patterns for auto feeder sorbent sulfated at var-
ious temperatures.
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Table 4. Structural properties of Kwangyang and metal oxide sorbents
Specific surface

Pore volume Average pore

Sorbents

area(m’/g) (cc/g)x 10° diameter(A )
Hopper 6.79 2.83 167.18
Auto feeder 9.06 33 © 146.43
Reactor dust 3.78 1.13 119.68
Bag filter dust 24.93 6.46 103.67
Zn0 3.70 6.0 64.4
Fe, 0, 3.314 35 44.5
TiO, 9.86 23 9.3
CuO 0.67 3.6 220.4
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Table 5. Results of DLS/PSA analysis for Kwangyang sorbents

Sorbents Diffusion coefficient(cm’/sec) Particle size(um)
Hopper 3.147x10°° 5.0-6.6
Auto feeder 5.997x10°° 3.5-5.0
Reactor dust 2.395x107° 36.3

Bag filter dust 4.525%107° 1.1

(c) Reactor dust

(¢) Zn0 © Fe0,

" (h) CuO

(g) TiO,
Fig. 4. SEM morphology of fresh sorbents.
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Fig. 5. Effect of reaction temperature on sulfurization at SO, concen-
trations of 3,000 ppm.
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Fig. 6. Comparison of hopper and auto feeder sorbents at SO, con-
centration of 5,000 ppm.
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Fig. 7. XRD powder patterns of auto feeder sorbent sulfated at vari-
ous temperatures.
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Table 6. Amount of sorbent required for complete sulfurization

.. Loading amount
Kinetic rate constants 8

Temperature(°"C) (& of CaSOy/g of CaO - sec) of sozrlrll/td ar;;;ulred
250 1.2x107* 1005.6
350 1.45x10°* 832.8
450 2.1%x107* 553.0
550 458x107* 263.1
650 1.0x1072 103.2
750 1.3x107° 88.1
850 7.0x107* 172.4

% Gas-solid contact time ; 5 sec
SO, concentration ; 250 ppm(1.02 % 10> g-mol SO,/m’)
% Volumetric flue gas flow rate ; 380 Nm*/min
% SO, flow rate ; 1.02% 102 g-mol SO,/m’x 380 Nm*/min
=3.87 g-mol SO,/min
x Superscript a; the reaction rate constant obtained from conversion
vs. time curve by initial rate determination method.
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Fig. 9. Effect of SO, concentration on sulfurization at 850 °C.
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Fig. 10. Effect of steam addition on auto feeder sorbent at SO, con-
centration of 5,000 ppm.
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Fig. 11. Effect of NaOH addition on auto feeder sorbent at SO, con-
centration of 5,000 ppm.
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Fig. 12. Effect of NaOH and steam addition on auto feeder sorbent
at SO, concentration of 5,000 ppm.
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Fig. 13. Comparison of removal efficiency of reactor dust and bag
filter dust at SO, concentration of 5,000 ppm.
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Table 7. SO, removal capacities and induction temperature of vari-
ous metal oxide sorbents

Weight gain(%)

Induction

Sorbents temperature Sulftlrization Sulfurization at

o) at 350 ‘C(Running 600 *C(Running

time; 1hr) time ; 20 min)

CaO(Auto feeder) 250 2.01 16.81(at 550 °C)
ZnO 390 - 2.69
Fe,0, 500 - 1.08
TiO, 370 - 1.07
CuO 280 10.7 8.31
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Fig. 14. Comparison of SO, removal efficiency of various metal oxide
sorbents at 600 °C.
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Fig. 15. SEM morphology of metal oxide sorbents sulfated at 600 °C.

Table 8. Crystallographic structure of various metal oxides

Crystallographic structure
Sulfated at 600 °C
CaS0,, CaS, CaCO,

Sorbents

Fresh sorbent
Ca0, Ca(OH),, CaCO,

CaO (Auto feeder)

ZnO Zn0O ZnO
Fe,0, Fe,0,(Hematite) FeS,(Marcasite)
TiO, TiO,(Anatase)

CuO CuO(Tenorite) CuO
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