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Abstract : In order to better understand carbon dioxide recycling, the carbon dioxide capture characteristics of six different
alkaline industrial by-products, including incineration ash, desulfurized gypsum, low-grade quicklime, and steelmaking slag were
investigated using a laboratory-scale direct aqueous carbonation reactor. In addition to the dissolution characteristics of each sample,
the main reaction structure was confirmed through thermogravimetric analysis before and after the reaction, and the reactive CaO
content was also defined through thermogravimetric analysis. The carbon dioxide capture capacity and efficiency of quicklime
were determined to be 473 g/kg and 86.9%, respectively, and desulfurized gypsum and incineration ash were also evaluated to
be relatively high at 51.1 to 131.7 g/kg and 51.2 to 87.7%, respectively. On the other hand, the capture efficiency of steelmaking
slag was found to be less than 10% due to the influence of the production and post-cooling conditions. Therefore, in order to apply
the carbonation process to steelmaking slag, it is necessary to optimize the slag production conditions. Through this study, it was
confirmed that the carbon dioxide capture characteristics of incineration ash, quicklime, and desulfurized gypsum are at levels
suitable for carbonation processes. Furthermore, this study was able to secure basic data for resource development technology that
utilize carbon dioxide conversion to produce calcium carbonate for construction materials.
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Table 1. Chemical composition of incinerated waste and industrial by-products

Composition [%] BWIA MSWIA DSG LQL (0N RS
CaO 18.84 48.29 31.06 73.31 15.56 28.39
Sio, 30.66 3.38 5.26 6.22 4.18 23.67
Al,0, 15.73 7.65 7.06 5.94 1.57 13.14
Fe,0, 16.73 0.90 0.97 1.00 54.19 11.03
MgO 6.52 2.27 1.21 5.46 0.00 10.83
MnO 0.21 0.00 0.00 0.00 14.72 7.08
SO, 3.31 0.70 10.25 0.48 0.00 0.13
Cr,04 0.00 0.00 0.00 0.00 7.20 1.52
TiO, 0.70 2.26 0.13 0.00 1.83 0.81
Na,O 0.00 0.00 0.00 0.00 0.00 2.77
Cl 0.00 1.86 0.40 0.00 0.00 0.45
K,0 0.89 0.19 0.24 0.32 0.00 0.00
Etc 0.00 0.10 1.30 0.19 0.75 0.16
LI 6.41 32.40 42.10 7.08 0.00 0.00
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Figure 1. Schematic diagram of (a) direct aqueous carbonation reactor and (b) reaction system.
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Table 2. Experimental condition of direct aqueous carbonation

Condition BWIA, MSWIA, OS, RS DSG, LQL
Sample charge [g] 186 76
Solid concentration [%] 5 2
Water supply [kg] 3.5
Water level [mm] 450
Gas flow rate [L/min] 7
CO, concentration [%] 12
Impeller [RPM] 300
EBRT* [s] 30
* Empty bed residence time
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Figure 4. Instantaneous CO, capture rate and accumulative amount of CO, capture.
Table 3. Mean CO, capture rate and accumulative amount of CO, capture
Sample BWIA MSWIA DSG LQL (0N} RS
Mean CO, capture rate [g/min] 0.47 0.58 0.54 0.70 0.44 0.24
Accumulative amount of CO, capture [g] 9.5 24.5 9.8 36.0 1.6 2.4
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Table 4. Comparison of CO, and CaCO; content of raw material and carbonation product based on TGA results
Content [wt%] BWIA MSWIA DSG LQL oS RS
R Cco, 3.18 20.26 4.27 2.87 0 0.01
aw
CaCO, 7.24 46.08 9.71 6.53 0 0.03
Cco,’ 7.41 28.75 14.65 34.34 1.31 2.46
Product
CaCoO, 16.84 65.38 33.32 78.09 2.97 5.60
Increase in amount of CO, [g] 8.5 22.2 9.2 36.4 2.5 4.7
"Weight loss in temperature range of 500 ~ 800 °C
Table 5. Comparison of reactive CaO content and theoretical amount of CO, capture
Sample BWIA MSWIA DSG LQL (0N RS
Total CaO [%] 18.84 48.29 31.06 73.31 15.56 28.39
CaO as CaCO, [%] 4.05 25.79 5.43 3.66 0.02
CaO as CaSO, [%] 2.31 0.49 7.18 0.34 0.09
Reactive CaO [%)] 12.47 22.02 18.45 69.32 15.56 28.28
Theoretical amount of CO, capture [g] 18.2 32.2 11.0 41.4 22.7 41.3
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Figure 6. Comparison of (a) CO, capture capacity and (b) efficiency.
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