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ABSTRACT

We have studied that the prediction of desulfurization efficiency by limestone in fluidized-bed coal combustor. The
results were presented as follows ; Firstly, the bed temperature had a great deal of effect on the desulfurization and the
optimum temperature of limestone was 850°C~900°C. Secondly, as the velocity and temperature increased, k,, K and
the desulfurization efficiency increased. So, k,, kg highly depended on the air velocity and bed temperature, and k,, kq
were 82.53 mm/sec, 0.004 1/sec at 0.2 m/sec, 850°C, k,, ky were 125.62 mm/sec, 0.00532/sec at 0.3 m/sec, 800°C respec-
tively. And ki, ky were 143.78 mm/sec, 0.00568/sec at 0.3 m/sec, 850°C. Thirdly, as a result of desulfurization modeling,
there was good agreement between theory and experiments as anthracite fraction increased. At 3.0 of optimum Ca/S
molar ratio, there was very good agreement between theory and experiments.
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Fig. 1. Schematic representation of the combustor model.
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Table 1. Chemical analysis of limestone(wt.%)

Component Si0, AlLO; Fe,0O; CaO MgO Igloss
weight % 162 0.07 0.2 547 025 429
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Analyzer, Perkin-Eelmer 240C)= Table 2o VERRS]
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Table 2. Ultimate analysis of coals(wt.%, dry basis)

Components
C H O N S
Coal

Anthracite 300 071 424 034 031
Bituminous 723 430 11.70 036 021

Table 3. Ultimate analysis of coals(sulfur added : wt.%)

Components
Anthracité C H (6] N S
fraction
0.1 67.38 3.89 1084 036 0.80
0.3 5878 3.16 932 035 087
0.5 5026 244 782 035 093
12 6
6 [ 13
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4 15
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1. N, bombe 9. sorbent
2. SO, bombe 10. furnace
3. mass flow controller 11. thermocouple
4. mixing chamber 12. mist eliminator
S. flow-meter 13. condenser
6. three- way valve 14. sampling system
7. quartz reactor 15. analyzer
8. porous quartz disk

Fig. 2. Schematic diagram of the experimental apparatus
(reactor).
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Table 4. Experimental conditions(reactor)

Operating variables Conditions
Particle size(mm) 0.631
Ca/S(mole/mole) 0,1,2,3, 45
Gas velocity(ni/s) 0.2, 03

Bed temperature(°C) 800, 850, 900, 950

T

17

" (P TIIT

F-
13
[N

1. fluidized bed combustor 10. manometer
2. preheater 11. vibrating discharger
3. PID temperature controller  12. air compressor
4. digital multi-thermometer 13. regulator
5. analyzer 14. air filter
6. valve 15. flow-meter
7. distributor 16. screw feeder
8. air-holder 17. hopper
9. cyclone
Fig. 3. Schematic diagram of the experimental apparatus

(combustor).

Korean Journal of Enviromental Health, Vol. 28(5)



FETULRAAN FHEE AF 9 S0 Bg AT 97

1,000 ppmO.2 SPO™, $2L 2.12 /min, 3.18 Jmin
(V18he=z dAsA FaFsidrt. H3de F5s8 &
719 1g8 FUsIA, dgexd =
g3l 1kg7] o] =70] GAdert =| SO, 7k
£ T3] g ERE &) olu, wiEs=st
A= 75 Fsukedds ¢

Faith shikgA] APx2 Table 49 2t

Q) 55 d2E

Aere] Ejfdhe] AMSE f55dAEE Fig 39
A B ule} o], Ba1g WX|slr] sl AdrE
2] stainless steel#e 24 W7 0.10m, ¥} 2me|H,
3719 28 FFE S8k sheEAg HR)E
F71%g -] 3] WEe {AE X8t
38 ALE Yo Y3 F7E FFsI e, 447
o] AAH EA-S Pl-controllerol]l 943l bed W)
2571 350°C oldS FABIES JHdetdy, e
FAs 59 EF 500°C ol e o] f
eHS Ao R MM FYSIHLH, K55 U 2%
7} 700°C o) de R FUIelH Fave FYstd i
Zjo] 2EE ZPLER X3} olu A8 A
A2 YL 7k 2 RE] PR 0.2 mA ol
AXE FYAE Tt AAFEVIEN FTEIIE,
A e FELe AR s dxH 3
T MEHE Folo] viEsia. wivkk o] mAQdA
= cyclone® 2 EZ3IG T, AAE &R Ay
743 Y45E FEsle daz ve] 228 94
A FASKAC BHHE AR w2t A3 f-F
ZAstuen, fssde 2 39

o

=

B

%

228 e 2435)7] 2519 manometers X3
al

X

oX,
>
N
"

=

, Gage] wold wet 7k AFHBE dxsk] T
2 24319 #ESAARAM ] ddzAe
Table 59} Z+c}.

3. AT 3 el

B ATE #8535 987104 Azkl BE sosE
Hshs 2Abele] WSk HNEEEET*RIE
TeaAt S, T AAE fresdazel g8l

Table 5. Experimental conditions(combustor)

Operating variables Conditions
Particle size(mm) 0.631
Ca/S(mole/mole) 0,1,2,3,4,5
Anthracite ratio 0.1, 0.3, 0.5
Gas velocity(m/s) 0.2, 0.3

Bed temperature(°C) 800, 850, 900

Table 6. Input data of particle characteristics in kinetic model

Physical characteristics Limestone
. (density) 2680 kg/m?
d, (mean diameter) 0.631 mm
T (mean residence time) 4800 sec
o (air ratio) 1.2
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Fig. 5. The effect of bed temperature on Kinetic constants.

A9

Table 7. Amount of absorbed SO,(mole/g X 107" in fluidized-

bed reactor
Temperature(°C)
750 800 850 900 950
Air velocity(m/s)\
0.2 - - 09107 - -
03 - 0.7958 0.9390 0.9510 0.8927

Table 8. Output data using equation (13)

E:gsg;ggg;al kA#10%), sec™ k,, mm/sec
0.2 m/s, 850°C 4.10 82.53
0.3 m/s, 800°C 5.32 125.62
0.3 m/s, 850°C 5.68 143.78
0.3 m/s, 900°C 6.35 212.57

goorcel Bl AL g 2Lk, S B
g, 27t 5E7E AR &, 7o) & Aoz )
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Wb e A2 ko 2k deactivation 3 k7t AR 7)

uj Zolct.

2. A Ro| HEXI2} oflEx] H
Fig. 6, 7, 82 &% 850°C, FYIF7I1R/% 03 mis,
Az AR=Y] 0631 mmE oz e 05,

100 ——T T T T T 7
80 N

80

~

]

30

$0, removal efficiency(%)

T T

20

— , Modeling

10 ® : Experiment

0 ¢ SR WU IS IS E—
0 1 2 3 4 5 6
Ca/$ mole ratio

Fig. 6. SO, removal efficiency as function of calcium-to sulfur
mole ratio (Up=03m/s, dp=0.631 mm, Temp.=
850°C, X,=0.5).
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Fig. 9. SO, removal efficiency with bed temperature (U,=
0.3 m/s, dp=0.631 mm, X,=0.5).
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o 23T4E FHE-ET AN (surface reaction rate
constant) k= FA 270, 3% 03 mss, A"
4] 0.5, Co/S B4} 3.09] A%, 800°CAA k= 125.62
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850°C, 900°Ce] 7% k= ZH 0.00532/sec, 0.00568
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AE71e f53 Fewd A ERER 45 K
9 eBRISE F259 {50 EGE AT

AT

D8 ol o

23t 0|24 ©& 2AIET, AFZEA 03 ms,
850°C, T 05, A% Ca/SEYIC] 30049 AFX
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MBS

A :cross section area of bed, m’

C, : SO, concentration of exit gas, kg‘mol/m3

Cio - SO, concentration of exit gas under steady state
before addition of limestone, kg-mol/m’

C.» : SO, concentration of gas in bubbles leaving bed
surface, kg-mol/m’

C, : SO, concentration of gas in emulsion phase, kg-
mol/m’

d, :average diameter of limestone particles, m

f  :ratio of particle mean residence time to maximum
reaction time

k, :deactivation rate constant, sec”!

k, :surface reaction rate constant, mm/s

K :operating constant defined, dimensionless

M :mass limestone added in batch experiment, kg

M, : feeding rate of coals in fluidized bed combustor,
kg/sec

m :feed rate of limestone, kg/s

Q :flow rate of gas, ms

R :reaction rate, kg-mol/s

R : average reaction rate of SO, in bed under
conditions of continuous operation, kg-mol/s

t  :reaction time, sec

t, :time for complete sulphation, sec

U, :superficial gas velocity, m/s

U, :average bubble velocity, m/s

U, - minimum fluidizing velocity, m/s

w, : weight fraction of carbon in coal, dimensionless

wy : weight fraction of hydrogen in coal, dimensionless

w, : weight fraction of oxygen in coal, dimensionless

w, :weight fraction of sulphur in coal, dimensionless

X :interphase exchange parameter of gas, dimension-
less

X, :anthracite fraction, dimensionless

x :air velocity constant, dimensionless

Greek symbols

o :excess air rate, dimensionless

B :calcium-to-sulphur mole ratio, dimensionless
& :bubble phase volume fraction, dimensionless
p. :gas density

p, :density of limestone, kg/m’

1 :retention of SO, %

T :limestone residence time, sec
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