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ABSTRACT : The engineering industry heavily relies on fossil fuels such as coal and petroleum to generate energy through combustion.
However, this process emits carbon dioxide into the atmosphere, leading to global warming. To mitigate this issue, researchers have
explored various methods to reduce carbon dioxide emissions, one of which is carbon dioxide underground storage technology. This
innovative technology involves capturing carbon dioxide from industrial plants and injecting it into the saturated ground layer beneath
the earth's surface, storing it securely underground. Despite its potential benefits, carbon dioxide underground storage efficiency needs
improvement to optimize storage in a limited space. To address this challenge, our research team has focused on improving storage
efficiency by utilizing surfactants. Furthermore, we evaluated how different carbon dioxide states, including gaseous, liquid, and
supercritical, impact storage efficiency based on their respective pressures and temperatures within the underground reservoir. Our
findings indicate that using surfactants and optimizing the injection rate can effectively enhance storage efficiency across all carbon
dioxide states. This research will pave the way for more efficient carbon dioxide underground storage, contributing to mitigating the

environmental impact of fossil fuels on the planet.
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Fig. 1. CO, emission caused by fossil fuel from 1990 to 2020 (a) CO
emission of global (b) CO, emission of China, USA, EU and
India (Jackson et al., 2022)

Table 1. 2050 carbon neutral strategy of KOREA (Government of
the Republic of Korea, 2020)

Classification Parts 2018 A B
Total 686.3 0 0
Diversion 269.6 0 20.7
Industry 260.5 51.1 51.1
o Construction 52.1 6.2 6.2
E“[ll‘\j;"n Transport 081 | 28 | 92
Agriculture 24.7 15.4 15.4
Waste 17.1 4.4 4.4
Hydrogen - 0 9
Desalination emission 5.6 0.5 1.3
Adsorption and Adsorption -413 -25.3 -25.3
elimination CCUS - -55.1 -84.6
[Mt] DAC - - 7.4
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Fig. 2. Courtesy of a schematic diagram with geological carbon
dioxide storage
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Fig. 3. Courtesy of Schematic structure about surfactant
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Fig. 4. Variation of interfactial tension and contact angle with
pressure (a) interfacial tension (b) contact angle (modified
from Kim and Santamarina, 2014)
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Table 2. Physical and chemical properties of SDS

SDS
Molecular formula Ci2H2504SNa
Molecular weight [g/mol] 288.38
Density [g/cm’] 0.37
pH 9.1 (at 10 g/l
CAS number 151-21-3
£
L - - - -
) W Y W ¥ ¢ W

Fig. 5. Molecular structure of SDS
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Table 3. Temperature and pressure conditions of each phase

Temperature [°C] Pressure [MPa]

Phase 1 25, 40 05, 4

(gas)
Phase 2

ase 25 8
(liquid)
Phase .3. 40 8

(super criticl)
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100 Supercritical
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Fig. 7. Experimental pressure and temperature conditions considering
phase diagram of carbon dioxide
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Fig. 8. Images after CO, injection test (flow rate: 0,01 ml/min, pressure:
8 MPa and temperature: 40°C) (a) pure water (b) 0.01 wt%
SDS (c) 0.02 wt% SDS
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