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Abstract

In this study, effect of make-up and recirculating flow on the efficiency of Received: 11 August 2023
carbonateor reactor was investigated using a comprehensive model based Accepted: 4 November 2023
on experimental data obtained from a fluidized bed reactor under harsh Page Number: 120-135

condition and in the presence and absence of sulfur dioxide. Results
obtained from applying comprehensive model to the experimental data
showed that in the both reaction conditions, maximum absolute error
between experimental data and those predicted by model was 2.5% and
1.8%, respectively. Also under both reaction conditions, effect of make-up
flow on the efficiency of carbonator reactor was higher than that of
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recirculating flow and in the presence of sulfur dioxide, efficiency of Keywords:
carbonator reactor more increased with increasing the make-up flow. Fluidized Bed Reactor,
Furthermore, the presence of sulfur dioxide and the sulfation reactions Make-Up Flow,
occurrence led to a requirement of make-up flow 36.5 times higher in Recirculating Flow,
order to achieve the same efficiency as in the absence of sulfur dioxide. Sulfur Dioxide
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5. Circulating Fluidized Bed
6. Shimizu

1. Post-Combustion

2. Pre-Combustion

3. Oxy-Fuel Combustion
4. Calcium Looping
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2. Mild Condition
3. Harsh Condition
4. Sintering

5. Indirect Sulfation
6. Direct Sulfation
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Figure 1. Different fluidized bed regimes based on
inlet velocity of gas [10].
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Figure 2. Schematic of calcium looping process.
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4. Random Pore Model (RPM)

5. Bhatia

6. Grasa

7. Balsamo

8. Fractal-Like Random Pore Model (RPM-F)
9. Kunii and Levenspiel
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1. Make-Up Flow
2. Chemical Reaction-Controlled Stage
3. Diffusion in Product Layer-Controlled Stage
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Table 1. Characteristics and Structural parameters of adsorbent
used in kinetic model.

Parameter Value Unit Reference
Cco: 1.98e-3 kmol/m? [26]

Lo 3.91e14 m/m?3 [26]

So 3.41e7 m?/m3 [26]

h 0.99 - [26]
Mcao 56 kg/kmol [15]
Peeo 3350 kg/m? [26]

e 0.42 - [26]
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Table 2. Parameters used in kinetic and hydrodynamic models based on operational reaction condition.

Operational reaction condition

Parameter Reference
X1 22.24% 28.77% - -
Xr 0.0048 0.0774 - -
K 2.049 1.502 - -
Ks 5.64e-8 5.17e-8 m*/(kmol.s) [26]
Dpi 1.97e-13 3.89%-13 m2/s- [26]
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Figure 3. Applying RPM-F model on the experimental carbonation data in the absence of SO, gas.
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Figure 4. Applying RPM-F model on the experimental carbonation data in the presence of SO, gas.
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Figure 6. Results of modeling of the effect of different Fo/Fco, ratios in the presence and absence of SO, gas.
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Figure 7. Results of modeling of the effect of different Fr/Fco. ratios in the presence and absence of SO, gas.
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