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Abstract — In this study, to reduce the regeneration energy of absorbents in the CO, capture process, a two-component
amine phase-separation absorbent was proposed, incorporating primary and secondary amines, which serve as the main
absorbents reacting with CO,, and tertiary amines, which function as auxiliary absorbents inducing phase separation.
The absorbents were classified into three types based on their miscibility before and after CO, absorption, and this was
analyzed using the octanol-water partition coefficient (logP). When the logP value of the tertiary amine is less than 0, it
exists as a single phase. When the logP value is greater than 0, it forms a single phase before CO, absorption, but after
CO, absorption, liquid-liquid phase separation occurs due to the limited solubility of the carbamate, a reaction product
formed with the absorbent. Considering the CO, concentration effect and the rate of reaching absorption equilibrium,
two types of two-component amine phase-separation absorbents, MAPA(3-(methylamino)propylamine)/TMPDA
(N,N,N',N'-tetramethyl-1,3-propanediamine) and AEEA(2-2-aminoethylamino)ethanol) TMPDA(N,N,N',N'-tetramethyl-1,3-
propanediamine) were selected. The loading values of the lower phase in these absorbents were 220 gCO,/Lsolvent and
274 gCO,/Lsolvent, respectively, which were more than twice the loading value of the 30 wt% MEA absorbent.
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Fig. 1. Schematic diagram of CO, capture process by biphasic solvents.
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Table 1. Structure and properties of amines used in this study
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(>99 wt%), TMEDA(Tetramethylethylenediamine) (>99.5 wt%),
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2-2. Al dHiH

FA) ol St FA ol

T &4 o 2.5 mol/L, F &=

3 mol/LE & ol TEE 5.5 mol/LE 117g3}tt. g-’Fﬂ] s i:)
d oldo] H&= u—/FXﬂ Z3+2 Table 2 YERASITE 2% ofvl 2]

Apea] o ol 4 ASS Fig. 29 Zo| fal® ol 7 A
(bubble cellyS ©]8-31] SISt WA 713 Ael] F574)] 100 mIE
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Molecular weight Boiling point

Compound Structure (@/mol) ©C) logP
HoN
DAB NN NN, 88.15 159 0.72
CHa A~
MAPA N NH 88.15 143 -0.76
Primary HaN o~ NHe
DETA N 103.17 207 -1.30
H N
TETA 2”\/\u/\/ ~"NH, 146.23 266 2.65
Alkylamine Polyamine
CHs  CH,
TMPDA T AR 130.23 145 0.23
QHs (FHs
AN NS
Tertiary ~ PMDETA o Yy O 17330 198 0.54
¢He
_N _.CH
TMEDA HoC™ >N 116.20 120 0.30
CH3
CHs
DEEA [ 117.19 161 0.46
HO/\/N\/CHB
Monoamine Tertiary
H3C.
3DMAIP SN 0H 103.16 163 -0.44
Alkanolamine CHs
H
Polyamine Secondary AEEA HoN A~N ey 104.15 244 -2.13
Steric hindered Primary AMP HoC < OH 89.14 165 -0.74

HaN~ “CHg

DAB (1,4-diaminobutane), MAPA (3-(methylamino)propylamine), DETA (diethylenetriamine), TETA (triethylenetetramine), TMPDA (N,N,N',N'-tetramethy1-1,3-
propanediamine), PMDETA (N,N,N',N",N"-pentamethyldiethylenetriamine), TMEDA (tetramethylethylenediamine), DEEA (2-(diethylamino)ethanol), 3DMA1P
(3-dimethylamino-1-propanol), AEEA (2-(2-aminoethylamino)ethanol), AMP (2-amino-2-methyl-1-propanol)
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Table 2. Solvent combination for biphasic absorbents

F4Alol oJ3k olaksieke XA AR 54 9 A A 75

Primary poly alkylamine

Secondary poly alkanolamine

Tertiary alkanolamine

DAB/DEEA, MAPA/DEEA, DETA/DEEA, TETA/DEEA,
DAB/3DMA1P, MAPA/3DMA1P, DETA/3DMAT1P, TETA/3ADMA1P

AEEA/DEEA, AEEA/3DMA1P

Steric hindered alkanolamine

DAB/AMP, MAPA/AMP, DETA/AMP, TETA/AMP

AEEA/AMP

DAB/TMPDA, MAPA/TMPDA, DETA/TMPDA, TETA/TMPDA,
DAB/PMDETA, MAPA/PMDETA, DETA/PMDETA, TETA/PMDETA,

Tertiary poly alkylamine

AEEA/TMPDA, AEEA/PMDETA,
AEEA/TMEDA

DAB/TMEDA, MAPA/TMEDA, DETA/TMEDA, TETA/TMEDA

Data Acquisition
System Purge

CO; analyzer

1,
T "

Water circulator

Fig. 2. Schematic diagram of glass bubble cell.
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Table 3. Type of phase separation behavior in several blended amines
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MAPA/3DMAI1P, AEEA/3DMA1P, DETA/3DMA1P, AEEA/DEEA, DAB/DEEA
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DETA/PMDETA
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Table 4. Performance of absorbents selected as absorbent candidates

ol - AT - F7)

CO, loading (gCO,/Lsolvent) Viscosity (cP) Volume ratio Time

Top Bottom Bot-Top Top Bottom Viop Voot Vi Voor (min)

AEEA/TMPDA 74 163 89 2.18 32.61 27 73 0.37 100
AEEA/TMEDA 139 202 63 2.81 25.80 27 73 0.37 300
MAPA/TMPDA 63 125 62 0.93 18.60 41 59 0.69 180
MAPA/TMEDA 143 155 12 2.67 28.47 39 61 0.64 330
DAB/TMEDA 131 174 43 3.66 28.74 52 48 1.08 260
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Fig. 3. CO, loading of absorbents at 313K. (a) 2.5M MAPA/3M
TMPDA/H,0, (b) 2.5M AEEA/3M TMPDA/H,0.

Korean Chem. Eng. Res., Vol. 63, No. 1, February, 2025

e Table 40 UrEM] 9113}

& X“:E UrEM&’iE} CO, i‘—ﬁ"\h’} CO, 4 *obl CO, EDLZM
2}o]= AEEA/TMPDA>AEEA/TMEDA~MAPA/TMPDA>DAB/
TMEDA>MAPA/TMEDAZ] £4 310w 3H7-7del| o gl 47-7d2]
H-98]:= DAB/TMEDA7} 7H 7] 0w} 2 ellA €] co, = A}
o7} Ao] Co, FFEN= A &> Z 0= YERTE 5 F
Aol == 5= AEEA/TMPDAY} 71 w5k © ] MAPA/
TMPDA”} 71 tTha 0 2 Wk 71 0 2 Yelth €O, 55879 &
F HY o) el &5 2 1P S ) MAPA/TMPDA %33}
AEEA/TMPDA %30] 25 ol AHtg] F5A % Agels o

o~
TR =E 2 T

o

AT

3-2. MAPA/TMPDA, AEEA/TMPDA E4H(2| E4 Ms 2
=2 HS
2 obl -] FFAIY CO, FF AlRtoll whE Zt AdellA 9
CO, 29 Wsl=s Fig 39 YERNSITE. MAPA/TMPDA 32| &
FA12] Z-5-, CO, 55 46 min §- 2] 7F A2 E Gl om Adtel 7}
A ZFER= AR CO, BBMER1 A} CO, 557411 s
o412l CO, 2 #2275 gCO,/Lsolvent, 100 gCO,/Lsolvent
AL}, 0% CO, w57} Aol et - delx ol Co, 2 @tell=
W37t 719 °i7<l“¢ sHelM 9] CO, Rk AlRtel whet 57}
skt CO, & Bl e 5 33t skl co, 29
= 80 gCOZ/Lsolventﬂ- 220 gCOZ/LsolventOﬂ t}. AEEA/TMPDA
e FEARE CO, F AlRT] 28 ming: OWUW &7t
A2 9l o MAPA/TMPDAS) PR IAI 2 CO, 577} A&l
upe} A delM 9] co, 2Rkl & M3t fle Hﬂli ek
Ak Aol 9] cOo, RS T SIS O, &5 HEol

S

/N

Fig. 4. Phase separation after absorption of biphasic solvents. (a)
MAPA/TMPDA, (b) AEEA/TMPDA.
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Fig. 5. Volume distribution of absorbents during CO, absorption at
313K; (a) 2.5M MAPA/3M TMPDA/H,O0, (b) 2.5M AEEA/
3M TMPDA/H,O0.
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Fig. 6. 3C NMR spectrum of absorbents. (a) Lower phase of MAPA/TMPDA, (b) Upper phase of MAPA/TMPDA, (c) Lower phase of AEEA/

TMPDA, (d) Upper phase of AEEA/TMPDA.
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