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Table 1 Comparison of the CO,-saturated biphasic solvent at different volume fraction of ethanol”
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Figure 1 Effect of ethanol volume fraction on CO, capure perfor-

mance into [DETAH][Im]-EtOH-H,O biphasic solution (Cipgramim): 1
kmol/m®; Oco,: 60 mL/min; V;: 25 mL) (color online)
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Figure 2 Regeneration performance of [DETAH][Im]-EtOH-H,O
biphasic solvent. (Ciperamm): | kmol/m3; Weon 10 VIV%; Qco,:
60 mL/min; Vi: 25mL; Topeomption: 31315 K5 Tesorption: 393.15 K
Lgesorption: 30 MIN; Pregeneraion: 101.325 kPa) (color online)

Desorption

fRIBRAS S0, 7£121.46. 135.36 ppmAt L [Im] i
C3. CARIHLIRIE, 1f717.03H156.90 ppm4b 4355 B 2,
i I CIAIC2F A5 T B LR IE. Wi CO,)a, W
W B ORI, R 2R SR
U RN A 5 1 [Tm] ™ SL 4R 0, AR tH BT T 5 CO, 74
FHOG I SLIRIGE, U0 RS ARE R B B ) 2 TR
1M N 2 AE163.23R1163.63 ppm Ak i LR 16 73 51l X6t
AR AR _E R R LR (C=0), T17159.86 ppmAkf)3t
PRIENHCO, /COS™ . IeAh, FEVAWAE158.75 ppmih
DA R0, VB SN BRIER £ B6(CH;CH,0C00 ),
iX 5 BarbarossaZs U 75 R IR 2 B TT 5 CO, = M4
T R IR £ e AR 75

AR R R RS AP C O NMR 3 45 51 1 5]
3b, cfin. T2 & M L H A (E3), BWRH R
5 R IS C=O 1) C J5 7 L 415 U6 11 5t P 14 B A MR ot R AN
Wk 55, R L BRI VR 11 S 2 Y R AR P 0 /D, T B IR
ZEENTHCO, /COy B Wik /b BRIl k. R&AIHF
FERE R I R I F R RS 50, W P= I TC TR AR,
5 N EBEASCRIC S R, (H2mA2 mL#t
B (B3c), Feise(E 3 PR . kIR L.
HCO, /CO;™ SR EIRIK. M T EEmA, FEmL
U RS (5 5 s g5, i —DUFSE T IINIE &1
FUAH VA T AT (I b R R R 1) 40 e, BRI i AR
ROR.

1663



LA B IR XU RE AL 18 TR A AR AR RSl S COL ML

(@) 2 1
56.90 17.03
50,92
13536 4 .3 121.46 l | e Fresh solution
2' 1
16.76
56.90
6' 5
135.13 | 12123 Upper phase
7 16323
163.63 8/1 I
159.86 2 1
10 15875
i . - 4 3
~9 y
I' y ) L l i Lower phase
170 160 140 120 ppm 60 40 20 0
163.23
(b) 7 )ea.zs (c) 7 (d) ] s
163.86 160.00 g 8 160.00 = i
107 15897 10 19018 1/\OH 3&/\'«
| 2 Le=187 1A Le154
7 W 7 ¥
8 5 H 5
N
)r Lg=1.41 jl L1t | | S S Nm
2 ¢ p 2
7 7
8 8 o~
| Lg=1.23 n L=1.23 n:‘;\z 3
7 7 S
8 8 HN/\/N\/\\NH:
| L4=0.82 ! L4=0.82 A 6
7 &80
J ¢ L,=0.30 "8 L,=0.30
U (i | LR o a a
185 160 165 160 LA w0100 o710
ppm H ppm
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FRVER AL (L~ AR B, (d) 23 TS5 AR S 1R 2 (10 2% R w2 1)
Figure 3 C NMR spectra of [DETAH][Im]-EtOH-H,O biphasic solution during CO, capture. (a) Absorbent solution before and after absorption;

(b) regeneration without CO,-lean phase; (c) regeneration with 4 mL of
of carbon atoms (color online).
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the CO,-lean phase (Ls=desorption loading); (d) molecular structure and types
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1.658. 1.738. 1.528LA % 1.708 A, Ti/=¥)5 LB Ak
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2 DFT/B3LYP/6-31++G(d.p) R4 T X CO, 4 5 AN R ) A BE B (A) 8 A3 (0) LA Bl P
Table 2 Calculation of hydrogen bond distance (A), bond angle (°) and polarity between CO, products and different solvents under DFT/B3LYP/6-
31++G(d, P) level ®

wEm Wi F 4 LR (A) A ) e (Dedye)
A
s P
Less € By
a 0—1 e’ f d(0s5—Hay-00)=1.658 /(Ons—Hay+-09)=176.133 42,6502
L ¢
13
¢
| $
o /‘\ 5 /
b \'g,\ »4/,,— o ‘_,,? d(Olz—ng-"Om)=1.733 Z(012—H13"'010)=176.935 5.2463
& ®
c e d(Os—H7---04)=1.528 Z(0s—H7--04)=174.620 5.6714

d 9\, S d(0¢Hg - 05)=1.708 Z(0¢-Hs - 05)=176.846 5.4537
¢ - f
©
SN g
A 1 e
e T / o d(0yHye-019)=1.699  £(Ops—Hao - 015)=179.779 15.0305
."9' ©
o\‘e .
®
f 4 N .\v“; 5 d(O-Hy-01)=1.645  £(Opp-Hys--011)=161.101 3.824
—e $
& »
@®
c\ 15, _®
g oy - e d(Os—Hg - 04)=1.556 /(0s-Hg--0,)=174.380 17.5389
(]
)% -’
h \‘\o ‘ ’ 1 d(Os—H; - 05)=1.725 /(0s—H7+-05)=176.398 8.5212
@

a) a. by cHIAZHIACERN'COO . [Im]-H. COy "+ HCOs SAKM EAEFTEM; e f. gfhsMALERN'COO™. [Im]-H. CO;> .
HCO;™ 5 ZREAH FAF FE
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[Im]-COO MIAERI(0.2145 eV), WH[Im]-HE 5
RN'COO™ R R R #HCO, /CO,> T ik, [ ik,

(c)

= 2.610e-1 - 1.000e-2

~ 1.350e-1 ~ -5.500e-2
~ 9.012e-3 - -1.200e-1
— -1.170e-1 - -1.8500e-1

-~ -2.429e-1 W -2.500e-1

El 4 [DETAH][Im] (a). [DETAH]-CO, (b). [Im]-CO, ()% T ¥ E(MEPs) (ZLta=1FE. W5 ta=11. HE=2HE%) (W

2R )

Figure 4 The molecular electrostatic potential (MEPs) for [DETAH][Im] (a). [DETAH]-CO, (b). [Im] -CO, (c) (red=positive, blue=negative and

yellow=zero potentials) (color online).

#£3 HHERN'COO-RN'COO™ (a). RN'COO™-[Im]-H (b)FIRN'COO™-[Im]-COO™ (c)¥)JFi 1E70% Z.1%/30% /K 18 & 1 i i

B, HOMOMLUMO

Table 3 The calculated optimized structures, HOMO and LUMO orbitals of the molecular structure RN'COO -RN'COO ™ (a), RN'COO -[Im]-H (b)

and RN'COO -[Im]-COO" (c) in 70% EtOH/30% H,O solution

E E AE;puo.
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P 9
i ‘0@ J‘(,. 2
] 9 w
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a “9" 9e° : ’ ’., Qz/‘{} 30" 8e°
o e
*) { }J
b w}‘ ’. s ° ‘j” -0.3308 “ T —0.124  0.2068
%, ?—J o ° .’\,{:
9
» -
il 9%, °9® »
[ ! * I | =
c m“}’”y ° zﬁgf' ° {: {' 02292 L9 ’;,30"* 0.0147 02145
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Mechanism of CQO, capture into amino-azolyl dual-functionalized ionic
liquid biphasic solvent
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Abstract: Biphasic solvents exhibit great potential for saving energy in CO, capture. However, the efficiency of the
available amine-based biphasic solvent is compromised due to the high viscosity and low regeneration efficiency of the
rich phase solution. In this work, a novel amino-azolyl dual-functional ionic liquid/ethanol/water ((DETAH][Im]/EtOH/
H,0) biphasic solvent for CO, capture was proposed via dissolution of a diethylenetriamine-imidazole functionalized
ionic liquid ((DETAH][Im]) in the mixed ethanol-water solvent. This biphasic solvent transitioned from homogeneous
phase to liquid-liquid phase after saturation of CO, capture. And the formed products during CO, capture were mainly
concentrated in the lower phase. When the concentration of ethanol was 70 v/v%, the CO, loading of the rich solution
(1.548 mol CO,/mol absorbent) accounted for 92% of the total CO, loading whereas the volume only accounted for
32%. And ethanol was used as a regeneration activator, which could guarantee that the rich liquid retained more than
90% of its initial load after four times of regeneration. The reaction of both the amino and azole group functional groups
in [DETAH][Im] with CO, ensured the efficient CO, loading of the biphasic solvent. In addition, [Im]-H and ethanol can
enhance the hydrolysis of carbamate to form easily decomposed HCO37/CO327 and ethyl carbonate and the high
regeneration efficiency of the rich liquid can be obtained. The hydrogen bond and polarity products with high density in
water were stronger than ethanol, leading to the enrichment of the products in the lower aqueous solution. Nevertheless,
ethanol with low density is in the upper layer, eventually forming liquid-liquid phase transition.
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