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Effects of Multiple-Cycle Operation and SO, Concentration
on the Absorption Characteristics of CO, by means of Limestone
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Abstract — To investigate the effects of the number of multiple-cycles and SO, concentration on CO,
absorption characteristics by means of limestone, CO, capture capacity has been measured in a bubbling flu-
idized bed reactor (0.1 m LD., 1.17 m high). Danyang limestone was used as a CO, sorbent and the number
of cycles (~10th cycle) and SO, concentrations (0, 2000, 4000 ppm) were considered as variables. The mea-
sured CO, capture capacity decreased as the number of cycles incteased and it showed 50% of initial value
after 10 cycles. Moreover, CO, capture capacity decreased with SO, concentrations. For three different SO,
concentrations, the total CaO utilization was almost the same but SO, capture capacity increased and CO,
capture capacity decreased as SO, concentration increased. These results suggest that SO, capture reaction is
predominant over CO, capture reaction in the simultaneous CO,/SO, capture conditions.

Key words : CO, absorption, SO,, Limestone, Regeneration, Fluidized bed
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Fig. 1. Simplified schematic of CO, capture and re-
generation process (adapted from Salvador er al'™).
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Fig. 2. The evolution with the number of CO, cap-
ture/calcination cycles of the maximum CO, capture
capacity of CaO from different authors (see reaction
conditions in Table 1).
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Table 1. Summary of reaction conditions on cyclic CQ, absorption/regeneration process

Carbonation (CO, capture)
Reactor

Regeneration (calcination)

Particle size N

Authors type  Temp. Peon Reaction ~ Temp. Py Reaction ~ Particles [mm]  cycles
I°’C] [atm] time [°C] [atm] time
Curran Char 816 128 NA 1060 4 NA S. Dakota >t 70
etal. [S]  gasifier (gasifier (regenerator limestone
outlet gas) outlet gas)
Barker {6] TGA 866 1.0 Completion* 866 0 (N, Completion* CaCO, 0.002~0.02 26
(pure COy) (reagent)
Silaban PIGA 550 015 20 min 750 0 (Ny) 20 min Dolomite  <0.038 5
et al. [7] (N, balance) (National
lime Co.)
Shimizu  Packed 600 0.05 NA 950 1 NA Chichibu  0.42~0.59 4
etal. [8] bed 0.15 (pure COy,) limestone
reactor (N, balance)
Aihara TGA 750 0.2 1hr 750 0 (Ny) 1hr Alkoxide 10 10
et al [9] CaCO, (spherical
(reagent)  pellet)
CaCOyt+
CaTiO,
Salvador BFB 700 0.15 Completion* 850 0 (Air) Completion* Havelock 0.65~1.675 14
et al. [4] (Air+CO,) limestone
Cadomin
limestone

*Completion :

each steps were stopped when solid mass or CO, concentration were deemed almost constant.

BFB : Bubbling Fluidized Bed, TGA : Thermo-gravimetrical Analyzer. PTGA : Pressurized TGA. NA : Not assigned, P¢, : CO,

partial pressure in input gas.
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A Hhg-e) kBBl ulE CO, F55Ee WS o
28 4 gl AEAHY S AAEELH Fig 2
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A wHESIedA Co, F95EE vl

Xcoon=0.782N"1+0.174 %)

Table 1ol viehd B2 W9l Adxrde =gy
Fe3t el A5y ol8ste] Hig3lS W) ul2
CO, 5545 %% 5= dvke AMLE vi% 3%
ot 3 Table lof] viebd vie}l o] 7)Ee] A7A%
B T2 A4S = dFHEN7AM sYE o
AA W22 AR 75 ZAlM e AdAdE
- Agzq]l Aol =gt 1€ dFEIAELE SOt
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Yol A= SO 3l Hig Hue 53 AFA

ql AAelch & 2L 23} AR F 94F
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o} uHE3lpe] ks R5% 2719 WhTleA Al
B3z} slgint

2. A &
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T W71 E viEpisiEE BT 71 ERSE 276
A ZEgien 371418t d9719] 9E8E A
Z4d (plenum), 7| ER-5F, T2HH, 71AYZ7], 7
AEA A AE] ez FAES Qo) dd7]E W7 0.102

, 0] 0.71 mol| 7| EH-55-2 AALE ZhAAlF]
] $igt B -(expanden)® 7FAL 9lom W7 0.102
m, ¥°] 0.66 m3] -2} 7 0.154m, ¥°] 0365m
o] A7 0.143 m Folo] BANR AFEE F Fof
7b 1168 melel. Z1AlEAS S R= 12 mme] TR0}
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N3 3
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Table 2. Properties of danyang limestone

Limestones Danyang
Hot Composition [%]
filter CaO 53.92
® MgO 0.88
& = ™ 1 ALO; 0.70
Fe,0, 0.43
K.O 0.14
@ Gas cooler T.z
i0, 0.07
brer | @ 1 Particle size [um] 355~600
D D Bulk density [kg/m’] 1317
@ Vent
g | O ® 22 249 NS PO AU, $E71
® 9] F418 98l rkanER BAE 40 FEHE A
® fspom FetEZA 7S FAsl] E3rIAY
% —[: _Z RS U3 F Al ARl
vete—l ) Table 201%= Agell AMEE A 3|Mel] gt s}tz
9 xlmr], Had s o) 543F vehfdct. A3
® Moz et A3iao] AMgEglen A7) 355~
600 pm= E8j3lg o),
% Table 30l 27144, CO/SO, BAEFF, AW (A)
e & = [ é) Gas input whge] 2%, Z|AEA, f 2 SRl 5o AY
Z27& sokstel VeI gl A3M e ads gt

Fig. 3. Schematic of bubbling fluidized bed reactor
(T and P designate thermocouples and pressure trans-
ducers, respectively).
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ARE {52 A ZAHe] Ax27|E /A g
7148 7] (PG-250, Horiba Co.)ell €3] CO, CO,
NOx, SO, 0, 557} d&x oz BAEglon Az}

Table 3. Summary of reaction conditions.

L o83l F1H|Eize] 0.2 mel sl A3 A
2o Aksle] ARolA f55el A3 F 850°C7HAl
B ARSA|HA 2714AS et &5 A4
sl A A(1)2] ukg-3) zhe] ME|Ae] 4ol A
wiE7| 32 CO, 571 FUsiglon, 7)Aol
28EE CO, 357t 002 FojAlr}, 7|HEAH 7] AM
ZAHE= CO, FES Blsl] 274Kl BdaE &
Qg F uker| &58 700°C7HA] BEglom %7} oF
Ay E7|AS FY3ked C0/S0, FAFT -5
233190t} CO,/SO, FAI B uhe-2) ksl 2: A
g2 wiEAas 23] 98l COo, 16%, 0, 5%, N,

rlo

2 o

Steps Temprature Input gas concentration Flow rate Stgtic bed
[°Cl] [#/min] height [m]
Initial calcination A.C. — 850 Air 18 0.2
CO, capture 700 CO, 16%, O, 5% 18 0.2
N, balance
CO,/SO, 2000 ppm capture 700 CO, 16%, O, 5%, SO, 2000 ppm, 18 0.2
N, balance
CO0,/SO, 4000 ppm capture 700 CO, 16%, O, 5%, SO, 4000 ppm, 18 0.2
N, balance
Regeneration (Calcination) 700 — 850 Air 18 0.2

A.C. : ambient condition.

oLiXI=2Er M143 M3S 2005
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Fig. 4. Output CO, concentration as a function of
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