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Capacity of Three Limestones in a Fluidized Bed Reactor

Ho-Jung RyuT

Clean Energy Research Center, Korea Institute of Energy Research, Daejeon 305-343, Korea
(Received September 8, 2005; accepted December 19, 2005)

F5F W A A HIFH2 Co, B4wEe] WAL ARSI S0, ¥R FTE ATHPE H3
CO, FHEFEHS WRAFI F7h5ha S0, Bio} Fohe] wek gaalh oW S0, FEEHS WRAFY
S0 17 Mol wek LB SO SRS WAL Sl ek daslglont $udEolg
Fol Ue S0, 8 S AN Ehol e BE AFS U Srassburg A4 A FARE
EEE SO 51t E/H) Wk gasts W, Luscar 2 9F A3l A9 ol 2 dgel Aguel ol
A S0, ol Fe A%E ehiglel B ATe) ARAe] olabd Axus F S0,8 EAE AFA

CO, E5 58S Banyle 4549 FHANG AFo] O, FrvEe] FHE WAL RO ek

Effects of multiple-cycle operation and SO, concentration on CO, capture characteristics of three limestones were
investigated in a fluidized bed reactor. For each of these sorbents, the measured CO, capture capacity decreased as the
number of cycles increased and as the SO, concentration increased. On the other hand, the SO, capture increased with
the increased number of cycles and the SO, concentration. The total calcium utilization decreased as the number of
cycles increased, but the effect of SO, concentrations on the total calcium utilization depended on the type of limestone.
For Strassburg limestone, the total calcium utilization decreased with increasing SO, concentration. However, for Luscar
and Danyang limestones, the total calcium utilization was almost independent of SO, concentration for the range
investigated. The results showed that SO, in flue gas reduced the CO, capture capacity of limestone and that the
sulfation pattern affected the CO, capture capacity.
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Figure 1. Simplified schematic of CO, capture and regeneratio
process (adapted from Salvador et al.[4]).
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Figure 2. CO, capture capacity as a function of the number o
cycles (for details of literature results, see Table 1).
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Table 1. Summary of Reaction Conditions for Previous Studies on Cyclic CO, Capture/Regeneration Process
Reactor Carbonation (CO, capture) Regeneration (calcination) Particle size N
Authors — — Particles
type  Temp. [C] Pco: [atm] Reaction time Temp. [TC] Pco: [atm] Reaction time [mm] cycles
Ci t al. Ch 1.28 4 t
N . NA lo60  FTEESCIAO S Dakota limestone > 1 70
[5] gasifier (gasifier outlet gas) outlet gas)
Barker 10 866 10 Completion* 866 0 (N)  Completion®*  CaCOs (reagent) 0.002~0.02 26
6] (pure CO») p 2 p a8 ‘ ‘
Silaban et al. 0.15 Dolomite
PTGA 550 20 mi 750 0 (N 20 mi < 0.038 5
[71 (N, balance) min (N2) i (National lime Co.)
Shimizu et al Packed 0.05 1
" bed 600 0.15 NA 950 NA Chichibu limestone 0.42~0.59 4
[8] (pure COs)
reactor (N, balance)
Alkoxide
Aih t al. 10 (spherical
fhara etal 16 750 02 1 hr 750 0 (Ny) 1 hr CaCO; (reagent) (spherical
91 . pellet)
CaCO;+CaTiO;
Salvador 0.15 Havelock limestone
BFB 700 C letion™ 850 0 (Ai C letion™ 0.65~1.675 14
et al. [4] (AIr+COy) ompletion (Air) oripietion Cadomin limestone

*Completion: Each step was stopped when the solid mass or CO; concentration was deemed to be essentially constant.
BFB: Bubbling Fluidized Bed, TGA: Thermo-gravimetrical Analyzer, PTGA: Pressurized TGA, NA: Not Available, Pco.: CO; partial pressure in input gas.
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Figure 3. Schematic of bubbling fluidized bed reactor (T and
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Table 2. Origin and Properties of the Three Limestones

Limestone Strassburg Luscar Danyang
Properties US) (Canada) (Korea)
Composition
MgO (%) 0.59 2.26 1.03
Ca0 (%) 55.46 52.39 52.94
Na;O (%) 0.01 0.01 0.01
Si0s (%) 0.7 1.7 1.55
ALOs (%) 0.2 0.28 0.9
Fe:0s (%) 0.05 0.04 0.29
K:0 (%) 0.08 0.14 0.32
TiO; (%) 0.01 0.01 0.05
P;0s (%) 0.01 0.01 0.01
MnO (%) 0.01 0.01 0.03
Cr0s (%) 0.001 0.001 0.001
Ba (ppm) 80 10 17
Ni (ppm) 6 9 12
Sr (ppm) 284 263 185
Zr (ppm) 5 5 7
Y (ppm) 5 5 5
Nb (ppm) S 10 S
Sc (ppm) 1 1 1
Particle size range (um)  355~600 355~600 355~600
Bulk density (kg/m) 1362 1194 1317
Sulfation patterns Unreacted core  Uniform Uniform
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Table 3. Summary of Reaction Conditions
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Steps Temp. [TC] Input gas concentration FEE‘/};/nirr?]te beg[tr}i%fght
Initial calcination AC — 850 Air 18 0.2
CO; capture 700 CO, 16%, Oy 5%, N3 balance 18 0.2
CO/SO; 2000 ppm capture 700 CO; 16%, O, 5%, SO, 2000 ppm, N, balance 18 0.2
CO/SO; 4000 ppm capture 700 CO; 16%, O, 5%, SO, 4000 ppm, N, balance 18 0.2
Calcination 700 — 850 Air 18 0.2

A.C.: ambient condition.
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Figure 9. Comparison of CO, capture capacity, SO, capture capacit
and total calcium utilization for three limestones.
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