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Abstract — A process, which converts carbon dioxide contained in the flue gas of coal-fired power plants to sodium
bicarbonate, was studied experimentally and numerically. In this process, the carbon dioxide reacts with sodium hydrox-
ide which is produced through saline water electrolysis. A bench scale reactor system was prepared for experiments of
this process and numerical process modeling was performed for the bench scale reactor system. Comparing the process
modeling results with the experimental data, responsibility of the process modeling was confirmed. Using this model,
commercial scale process was simulated. Mass and energy balance of this process were calculated. Temperature profile
in the reactor and carbon dioxide removal rate were obtained.
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Reaction 1 2NaOH(aq) + CO,(g) - Na,CO;(aq) + H,O(l) (1)
Reaction 2 Na,COj;(aq) + H,O(I) + CO,(g) - 2NaHC;(aq) (2)
Overall reaction 2NaOH(aq) + 2CO,(g) - 2NaHO;(aq) 3)
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Table 1. Thermodynamic parameters of each reaction at room temperature

[11]
AH(kJ/mol) AS(kJ/mol K) AG(kJ/mol)
Reaction 1 —-169.8 -0.137 -128.97
Reaction 2 —-129.1 -0.334 -29.56
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Fig. 1. pH vs. mole fraction of carbonate species (Bjerrum Plot).
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Fig. 2. Schematic diagram of chlor-alkali process.
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Fig. 3. Schematic diagram of the carbonation reactor system. Solid
line represents line for liquid transfer and dashed line rep-
resents line for gas transfer.
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Fig. 4. Experimental results obtained with the base operation con-
ditions.
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Table 2. Mass balance of chlor-alkali process

Scale CO, NaCl Cl, H, NaOH
2 kgCO,/day 2 kg/day 3.27 kg/day 1.60 kg/day 0.045 kg/day 1.82 kg/day
SMW 100 ton/day 126.15 ton/day 80.7 ton/day 2.3 ton/day 91 ton/day
Sink_Cl Sink_H2

Sink_NaCl_solution

N

Pipe_simple001

Source_NaCl_solution

Fig. 5. Processbuilder model for C-A process.
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Fig. 6. Processbuilder model for carbonation process.
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Fig. 7. Simulation result for the bench scale unit (2 kgCO,/day). (a)
Temperature distribution in each reactor. (b) Concentra-

Fig. 7(ay= ZF 9F271014 9] liquid 2 vapor®] &% #3xE y_oq tion distribution of CO, in each reactor.
ok NEgo] ghaks) dojuks 3 Whs71e] 2k AV A
Lillesod ] ErF 7P e & Qlnh A ik 141 o]tk
S feed T OiB] =7 HA1ES & ¢ Qloh BESE BE RS Fig. 7(b)= 7} #6871 el €o,°l s X5 EO%%E}‘ z¥
oA %%OE 71738 257F o] R S| A vE HEE718] st 7hA7E ]l EH 014 COoy7F AlA Y AL Addt =
50] ol dojutar, oju] WHAYE whg-Ho] 7dow AgE] WAL ] wiel] 917 SedaE €00l F Tt @iﬂ% &
Table 3. Experimental results and simulation results of carbonation process (2 kgCO,/day)
Experimental results Simulation results
Reactor 1 Reactor 2 Reactor 3 Reactor 1 Reactor 2 Reactor 3
pH 8.8~9.2 10.0~10.5 12.0~12.5 8.1 8.6 12.2
CO, absorption rate (y3) >98 % 91.1%
Purity of NaHCO4 97 % 93.8%
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Fig. 8. Simulation result for the commercial scale unit (5 MW, 100
tonCO,/day). (a) Temperature distribution in each reactor.
(b) Concentration distribution of CO, in each reactor.
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Table 4. Experimental results and simulation results of carbonation process (5 MW)

Experimental results (2 kgCO,/day)

Simulation results (5 MW, 100 tonCO,/day)

Reactor 1 Reactor 2 Reactor 3 Reactor 1 Reactor 2 Reactor 3
pH 8.8~9.2 10.0~10.5 12.0~12.5 8.0 8.6 11.0
CO, absorption rate (y;) > 98% 91.5%
Purity of NaHCO, 97% 94.2%
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