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Abstract — In this study, a water-lean biphasic solvent system was developed to reduce the energy demand for solvent
regeneration in post-combustion CO, capture processes. Diethylenetriamine (DETA), a polyamine containing both
primary and secondary amine groups, was used as the primary absorbent, while 2-ethoxyethanol (2-EE), and ether-based
alcohol, was introduced as an organic solvent to replace water and induce phase splitting. The effect of varying DETA
concentrations (1.5~2.5 M) and 2-EE contents (30~60 wt%) on the phase separation behavior, CO, loading, and cyclic
capacity were systematically evaluated. The carbamate species generated from CO,-DETA reaction showed high
solubility in water but poor solubility in 2-EE, thereby inducing phase splitting into a CO,-rich lower phase and a CO,-
lean upper phase. Considering both CO, enrichment and manageable viscosity, the optimal solvent composition was
identified as 1.5M DETA with 50 wt% 2-EE. Under this condition, the CO; loading in the rich phase reached 321 gCO,/
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Lsolvent and the cyclic loading was 142 gCO,/Lsolvent, which are approximately three and two times higher, respectively,
than those of conventional 30 wt% monoethanolamine (MEA) aqueous solutions. '>C NMR analysis confirmed the
formation of carbamate, bicarbonate, and protonated amine species and their differential solubility in water and 2-EE
was found to be the primary cause of phase separation. The developed biphasic solvent demonstrates potential for application
in energy-efficient CO, capture, offering both enhanced CO, enrichment and improved regeneration performance via

liquid-liquid phase separation.
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Table 1. Structure and properties of materials used for solvent preparation

Compound Structure Viscosity[cP] Boiling point (°C)
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Table 2. CO, absorption results of 2.0M DETA/2-EE/H,0
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Fig. 1. Volume distribution of 2.0M DETA/2-EE/H,O0.

Composition of Viscosity[cP] CO; loading [gCO,/Lsolvent] Volume distribution[%]
2-EE [wt%] Upper Lower Upper Lower Upper Lower

30 2.60 14.93 25 161 33 67

40 2.00 3223 4 288 48 52

50 3.56 76.80 38 289 62 38

60 233 gelation 21 386 65 35
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Fig. 2. CO; loading of 2.0M DETA/40wt% 2-EE/H,O0.
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Fig. 3. Viscosity of 2.0M DETA/40 wt% 2-EE/ H,O at 40°C.
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Fig. 4. Viscosity of DETA/40 wt% 2-EE/ H,O at 40°C.
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Table 3. CO, absorption results of 1.5M DETA/2-EE/H,0

Korean Chemical Engineering Research 63(4) (2025) 105134
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