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Abstract : In a fixed bed reactor, adsorption capacity of SO; in simulated flue gases was investigated with NMO(natural manganese ore), composed
of various metal oxides, iron ore and CuQ/ 7 -ALQs as adsorbents. The’experiment carried out in a fluidized bed reactor with variables such as gas
velocity, temperature and particle size. Iron ore was excluded in the fluidized bed reactor experiment for the lower adsorption capacity. The adsorption
of SOz in metal oxide is a typical chemisorption because the adsorption capacity of all adsorbents increased with temperature. The effect of particle size
on the adsorption capacity was varied with the ratio, Uy/Uns and the difference of Up-Uns. U, is the gas velocity, Un is the minimum fluidization gas
velocity. Uy/Um and Us-Upns explain the behavior of the gas and solids in the fluidized bed reactor. From the performance equation of the fluidized bed
reactor, kinetic reaction rate constants were obtained by the non-linear least square method. The adsorption capacity of NMO proved the potential use
of SO, adsorbents.
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Fig. 1. Schanatic'diagram of the fixed bed reactor system for
SO, adsorption.
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Fig. 2. Schematic diagram for the removal of SO; in a fluidized
bed reactor system.

Table 1. The Compositions of Natural Manganese Ore and Iron Ore

component | Mn | SiOz |ALOy| Fe |CaO [MgO balance oxygen
NMO of Mn and Fe

wt. % |51.85)3.13 (251 }3.86{0.11{0.25 - 3833

balance oxygen
of Mn and Fe

wt. % 6578|447 (269 ]0.17{0.15( 0338 2623

Iron |component| Fe |SiOz|AL:Os Mn | TiOz| FeO
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Table 2. The Physical Properties of Adsorbents

propertios adsorbents | genity (g/em’) | surface area (m%g)
NMO 318 11.0
Iron Ore 347 717
CuQ/ 7 -AkO3 195 2549

Table 3. Experimental Variables for Removal of SO; in a Fixed

Bed Reactor

Operation variables Range

Particle size (mm) 0.715

Temperature (C) 300 - 450

Inlet SO conc. air balance (ppm) 2000

Gas hourly space velocity (GHSV, hr') 4x10°
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Table 4. Experimental Variables for Removal of SO; in a
Fluidized Bed Reactor

Operation variables Range
Temperature( T) 300, 400, 500
Aspect ratio 1

Gas velocity (Uy/Uny) 2-7
Particle size (mm) 0715
SOz inlet conc. (ppm) 2000

Table 5. The Minimum Fluidization Velocity of Adsorbents

Uns (m/s) Adsorbents
Temperature(C) NMO | CuO/7-AlO; | Iron Ore

room temnp. 0.4211

100 0.3628

200C 0.3164

300C 0.2329

400C 0.1729 0.091 0.1758

500C 0.1516

600C 0.1439
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Fig. 5. The effect of temperature on SO, adsorption with constant
gas velocity in a fluidized bed reactor(NMO, U, =0.346
nvs, d, =0.715mm).
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Table 6. The Comparison of Saturation Capacity with Variable
Particle Size

Saturation Capacity (g-SO»/100g ads.)

0.359 mm 6.01
0.715 mm 3.1
1.015mm 1.35

Particle size (mm)
—-O— 0.359 )
—{1- 0.715 4

Saturation Capacity (g-SO,/100g ads.)
w
T

U, - U, (m/s)

Fig. 8. The effect of size on saturation capacity at the same
Us~Un in a fluidized bed reactor(NMO, 500C).
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Table 7. Parameters in Arrhenius Equations for K; and Kq in a
Fluidized Bed Reactor

Kr K4
Ai(s™ Er(kJ/moD) Ass™) Ep(kJ/mol)
558.58 2153 1.253 2157

AYdME HAWEAY 715 FF=o dd SOzt vk
ge o F& 717 4.‘-°i BAHT 3o niRe o3 AP
F&H0l AU AL olBANAE medA X3y HEold.
TG o84 & YA WFSe] FHE 10012 ARE
A=7t g 844 gdeg 33 e vjs] # AP AE
g AARDANY B FEE 052012 roughness7t 27] o
ol AAZAS Aolg Holn gt of7ld] {EFUHEIIHAMY
FREFA 7129 A7), 7127t AAEE EEFAH F5F ol
o e J%E A& WA 27 gEelzn AgE

52 &

Al

AR, 23, Cu0/7-ALO: 59 F&AES £4
3

2 ol8std nAZWNET] # FEFUEIAAM SO, £
FY3le] 53 2L HEE At

D) 34 2% LEZ7 met FAFgel Frrsto g
< RAFT

2) U/Un=2022 GHsHA #ARE o T84
A2 A& E FFFol wker] UyUnd $YHA
R& B¢ FLEFL 4427 9%l A e 4t

3 FESATHN APy AdWnPAY 3&3}“&
=4 K, =55858exp(-21.53/RT), Ka = 1.253exp(-21.57/RT)E &

4 83 &2l EFSE AR ] SO;
AZAY 7H54E B

mZ mlolv
2
o 2L

D
i

gt 32 oo Ho o
R . 0

# A

¥ A7E % AAEAD d7u Adog Fysglon
AT7HE ALAFAI F Ao =Pk

AABEE

A : area (mf]

Ay, Az preexponential factors [1/s]

a : interfacial area per bubble volume [m™]

Ca  : concentration of SO; in airlmol/m®)

Cap : concentration of SO; in bubble phase [mol/m’]

Ca:  :© concentration of SOz in emulsion phase [mol/m’]

Cao  : concentration of SO, at the inlet of the fluidized bed
[mol/m’]

Caext © concentration of SO at the exit of the fluidized bed
[mol/m”]

dy  : average bubble diameter [m]

d : effective bubble diameter [m]

d, : particle diameter [m]

E : activation energy [J/mol]

Er, Ep: activation energies of SO, adsortion [J/mol]

g : gravitational acceleration [m/s?]

9% A9 A A 2 5, 1998

H:r  : height of fluidized bed [m]

Hme  : height of bed at minimum fluidization [m]

Ki, K © equilibrium constant [m*/ke]

K3 : equilibrium constant dimensionless

Kq  : overall consumption coefficient of active sites to absorb

SO; [V/s]
K.  : overall reaction rate constant {1/s]
Kbe : overall mass-transfer coefficient between bubble and

emulsion phase [m/s]
K, kg, ko', kd', ki’, ko', ke © reaction rate constant [-]

L : active sites on sorbent for oxygen [-]
Li . height of a bed of solids at i conditions [m]
Me : metal [-]

MeO : metal oxide [-]

MeO" : active site of metal oxide for SO, sorption [-]
(MeO"): concentration of active sites [-]

(MeOQ") : initial concentration of active sites [~]

MW : molecular weight [-]

NMD : natural manganese dioxide [-]

Q : volumetric flow rate [m%s]

TaA * reaction rate of SOz [mol/(m’s)]

S : saturation capacity kg of SOykg of sorbent

Se : cross-sectional area of the bed [m?]

T . temperature [K]

t : time (s]

Uo  : inlet gas velocity to the bed [m/s]

Ut terminal velocity of bubbles [m/s]

Us  : dimensionless bubble rise velocity [-]

U rise velocity of bubble with respect to the emulsion
[m/s]

Ume : minimum fluidization velocity [m/s]

W weight of sorbent [kgl

Xa  : conversion of A component [-]

Xr  : fractional conversion of active sites to sorb SO; [-]

z : distance from the distributor [m]

J2|AEXt

8 : bubble fraction in a fluidized bed [-]

a U (Ubmt)/Ung -]

B : fraction of incoming gas entering bubble phase [-]

v : (ke 08)/(BUs) m-1

Py : density of gas kg/m’
Pp . particle density kg/m’
T : space time [s]
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Table A. Correlations for the Performance Equation of Fluidized

Bed
A Hf _ Uu_ Um/
Bed height Hy = 1 01

Bubble fraction in

a fluidized bed
Fraction of incoming
gas entering bubble | 8 = 1— U,/ U,
phase

8= (H/— H,,,/)/Hj

Interfacial area per

bubble volume a = 6/d,
Overall mass-transfer
coefficient between b = Uy +( 4 De, U, )72
bubble and emulsion | “* 3 7d,
phase
- a (T iy 1 .1
Gas molecular Das= %J(MA +MB)
diffusivity (TcaTcs)
5 1
X{(TcaTcs) ¥ (Pca Peg) ®
_ 0.4 0.8
Bubble SiZE Db = 0.54 (Uo Umf)o‘z (H +4 Ao )

g
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