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ABSTRACT: At present, there are some problems in the
application of CO: capture engineering and technology,
such as high regeneration energy consumption, low mass
transfer rate and large operation loss, which seriously
restricts the large-scale popularization and application of
COz capture technology. Aiming at low energy consumption,
high mass transfer rate, large absorption capacity, low
corrosion and low degradation rate, a phase change
absorbent for low partial pressure CO2 capture was
developed. The phase change absorption system is mainly
composed of hydrophilic amine AEP, with lipophilic phase
separation agent DPA and activator. The absorption test
shows that the absorption load is 1.08172 mol CO2/ mol
solution, and the regeneration temperature is reduced to
98.5°C. It has excellent absorption and desorption
properties. NMR analysis showed that the reaction products
had carbamate molecular structure. Based on the reaction

products and regeneration stratification phenomenon,
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absorption reaction mechanism and regeneration reaction

mechanism were proposed, and the "self extraction"

mechanism of regeneration process was revealed.
Compared with the same concentration of 3 mol/L MEA
solution, the absorption capacity of MEA in unit volume
and concentration phase change system increased by more
than 33% under the same regeneration energy consumption;
the regeneration rate of phase change system was increased
by 15% compared with MEA under the same regeneration
energy consumption, and the regeneration energy
consumption of phase change system decreased by more

than 31% under the same regeneration rate.

KEY WORDS: CO: capture; hydrophilic amine; lipophilic
amine; absorption; regeneration; self extraction; phase

change
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Fig.1 Absorption test device
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Tab.1 Comparison summary of 1mol/L base solution

WA B A AR

B ANIREAERE
/L CO,/L ¥1) / (°C)

AEEA 30.54 102 70.31%

DIPA 10.64 104 64.55%

DEEA 6.130 101.5 73.25%

AEP 31.02 100.5 73.61%

AMP 19.90 100 72.12%
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Fig.5 Flow chart of stratification system after CO:

desorption
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T % (N,N-Dimethylbutylamine, DMBA ). N,N- "
5 N 2. (N,N-Diisopropylethylamine, DPEA ).
XA 3 K % (4-Nitroaniline,PNA). N,N- - H 3£ 3L
C.J (N,N-Dimethylcyclohexylamine, DMCA ). "
Ik (Morpholine, MOR) 10 FiA77E T Ilf S ¥4 iR
JE£ 025 i P Jre SRR SR A Dt 7 H b, R IR A
WAL SRR BRI AR LA
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Tab. 2 Comparison table of 1 mol/L lower critical

amine
R TS % AR
B A%
/(L COL/L V&) / (°C)
DSBA 21.20 98 96.32%
BDA 24.40 95 98.05%
DPA 25.03 95 98.35%
MCA 15.22 99 97.47%
D2EHA 19.36 99 97.39%
DMBA 17.32 96 98.09%
DPEA 18.68 97 96.45%
DMCA 20.49 96.5 96.97%
PNA 15.66 96 97.87%
MOR 22.49 98 97.94%
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ANFIECEL AEP-DPA &AW A R IREFT . 3
& 1600 mL/min, ) M. 5 AWK 28 1000 mL.

P 6 mr%n, EAIEILF] ACT FIEH R,
XPANFIELEE AEP-DPA &AW i £, Wofios 2
%t Bt 4 0.6 mol/L AEP-0.4 mol/L DPA>0.5 mol/L
AEP-0.5 mol/L DPA>0.7 mol/L AEP-0.3 mol/L
DPA>0.8 mol/L AEP-0.2 mol/L DPA>0.9 mol/L
AEP-0.1 mol/L DPA. 7EW KT HT 50 min, %t
BRWOSGE AR A22, TR B 25,
BT RO AR BE ) R B, COy 1 B . T 28 A, R

pU

—=— 0.9mOl/IAEP+0.1mol/IDPA
\ —®— 0.8mol/IAEP+0.2mol/IDPA
o —A— 0.7mol/IAEP+0.3mol/IDPA
—¥— 0.6mol/IAEP+0.4mol/IDPA
; | —®— 0.5mol/IAEP+0.5mol/IDPA

200 |

.

a

<]
T

WRGE R (mifs)

a
s}
T

. . . . .
0 50 100 150 200
WAL ]/ min

6 3 R IRGE R 5 IR Y A (8] 55 R il 2%
Fig.6 Curve between absorption rate and absorption

time of phase change system
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Fig.7 Absorption capacity and absorption time curve

of phase change system
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Tab.3 Regeneration temperature comparison of

phasechange system

eyl
W 9:1 8:2 7:3 6:4 5:5

HAWRE (O 99.5 98.5 98 98 98.5

WK 8 frzx, 0.6 mol/L AEP-0.4 mol/L DPA
7E 18 min I Pl KA E, MEHEKESKR
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Fig.8 Relation curve between regeneration gas flow

and desorption time of phase change system
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Fig.9 Absorption capacity comparison between phase
change system and single system with the same

concentration
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Fig.10 Comparison of regeneration rate between phase
change system and single system with the same

concentration
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Tab.4 Comparison of regeneration temperature
between phase change system and single system with the

same concentration

B
AEP-DPA  AEP DPA
EE A5
FARE (O 98.5 100 95
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5 100
®
=
=
50
0+ o
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VR AT 32 & %+ LE

Fig.11 Comparison of absorption rate between phase

change system and single system
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Fig.12 Absorption capacity comparison between phase

change system and single system
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KT 0.6 mol/L AEP 5 0.4 mol/L DPA ~F 13 Wy it i%
R A RN E E Y 1.081 72 mol, KT
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Fig.13 Comparison of regeneration rate between phase

change system and single system

0.6 mol/L AEP-0.4 mol/L DPA FZE 1k R -F1y
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Fig.14 H spectrum of phasechange system after CO:

absorption
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Fig.15 DEPTQ spectrum of phasechange system after
CO2 desorption
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Fig.16 Absorption mechanism of phase change system
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Fig.17 Desorption principle of phase change system
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Fig.18 COx2 capture continuous test equipmental device
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Tab.5 Operating parameter range

eS| FLAL ZHUA
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Fig.19 Process flow chart of continuous test
experimental device
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Fig.20 Relation curve between regeneration

temperature and absorption load
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Fig.21 Relation curve between regeneration
temperature and capture rate
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Fig.22 Relationship between absorption load and

regeneration energy consumption
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Fig.23 Relation curve between regeneration rate and

regeneration energy consumption
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