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Fig.2 Diagram of CO, adsorption experimental apparatus
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Fig.3 FT-IR spectra of (a)TN, (b)PMT and (¢)PMT-TN porous resins
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Fig.4 SEM images of (a,b)PMT and (¢,d)PMT-TN
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Tab. 1 Structural properties of the adsorbents

surface area Pore volume  Average pore
Absorbent /(m2g™) /(emPeg™) width /nm
PMT 99 0.161 6.5
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Fig.5 (a)N, adsorption-desorption isotherms and (b)pore size distributions of PMT and PMT-TN

Tab. 2 Elemental analysis of the absorbents

Absorbent N/% Cl% H/% S/% 0/%
PMT 0 60.11 7.18 0 31.90
PMT-TN 17.99 55.17 9.09 0 16.94
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Fig.7 Adsorption capacity of adsorbents with different organic
amine loadings
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Tab. 3 Parameters of kinetic models for CO, adsorption of PMT-60%TN

L Temperature/ C
Kinetic model Parameter
25 45 65
Experimental a, exp 2.128 0.788 0.092
a, cal 2.097 0.792 0.092
ks 0.006 0.012 0.122
Avrami
n 1.360 1.397 1.242
R 0.998 0.998 0.999
a,cal 3.015 0.941 0.096
Pseudo-second order model k 0.006 0.056 3.854
R 0.972 0.931 0.882
a, cal 2.200 0.806 0.092
Pseudo-first order model ki 0.022 0.043 0.191
R 0.985 0.978 0.990




-

PMT £ LA fig S sk oo M i TN 5, 19 31 7 e i
ZHEE T L) PMT-XTN 5 41 [ 25 J2 A4k s 48 50 17 W Bt
W A HURE 7 30 I S 2 R R [ AS
WRBE TR PR RE R A . 45 SRR, 7E COMR AR 73 Bl
(1£0.1)%~ 9 38 A 0.4 L/min. T 24~ , 24 W% B35
J% 9 25 “C . TEPA-AN 71 2k 5 0y 60% I, b [ 25 Jiie W
B A4 1 CO, 1AW Bt 5 P38 93.43 mg/gs 16 /K IR A7 1E
N DA S e R R F 2 R, R SR TN CO, R TR
s Bl E R BT, COL MR B R R AR, R E R AN
FIT- CO, W B, HL3d ik 3 g 5 58 K I, Avrami 5
T B8 B 4 R A0, A S B S0 O, LR R R AIE B U
e 2 M W B 2 ) B 5 A 2 TR B SR R E A AR .
AN, G5 9 URAE IR T A B IS, FEW B R AT A YD 4G
W Bt 5 11 96.554% , 3% B L R 4T 1) FRE P AR R RE .

3 it

S 3k

[11 LiY, Yuan Y P, Li C F, ef al. Human responses to high air
temperature, relative humidity and carbon dioxide concentration
in underground refuge chamber[J]. Building and Environment,
2018, 131: 53-62.

[2] SiWT, Ye S, Zhang D X, et al. Kinetics and mechanism of low-
concentration CO, adsorption on solid amine in a humid confined
space[J]. The Canadian Journal of Chemical Engineering, 2019,
97: 697-701.

[3] Du Y, Wang S, Jin L Z, et al. Experimental investigation and
theoretical analysis of the human comfort prediction model in a
confined living space[J]. Applied Thermal Engineering, 2018,
141: 61-69.

[4] sk, TR, T, 55 COLTE IRB BOR W S BUIR 5t Je 7]

ALATBT 1k, 2010(2):1-6.
Zhang C J, Yin Y H, Zhou X, et al. Research and progress of new
technologies for CO, removal[J]. Chemical Defence on Ships, 2010
(2):1-6.

[5] Wang K, Zhao Y W, Clough P T, et al. Sorption of CO, on NaBr

[10]

[11]

[12]

[13]

[14]

co- doped Li,SiO. ceramics: structural and kinetic analysis[J].
Fuel Processing Technology, 2019, 195:106143.

Ying Y P, Zhang Z Q, Peh S B, et al. Pressure-responsive two-
dimensional metal - organic framework composite membranes
for CO, separation[J]. Angewandte Chemie, 2021, 60:11318-
11325.

Zhou L, Han R L, Tao Y X, e al. Optimized preparation of
nanosized hollow SSZ- 13 molecular sieves with ultrasonic
assistance[J]. Nanomaterials, 2020, 10:2298.

Wang Y, Wang W, Xie J, et al. Electrochemical reduction of CO,
in ionic liquid: mechanistic study of Li - CO, batteries via in situ
ambient pressure X- ray photoelectron spectroscopy[J]. Nano
Energy, 2021, 83: 105830.
Cheng H G, Song H P, Toan S, et al. Experimental investigation of
CO, adsorption and desorption on multi- type amines loaded
HZSM-5 zeolites[J]. Chemical Engineering Journal, 2021, 406:
126882.

LiuJ, Wei Y J, Zhao Y L. Trace carbon dioxide capture by metal-
organic ACS  Sustainable
Engineering, 2019, 7:82-93.

WaZR TV, PERIE, BRI, 45 NI R 2 1] 25 VR B 50 7 2 A 2
WEFL). UREE SRS TR, 2019, 32(4):326-332.

frameworks[J]. Chemistry &

Yang D S, Pang L P, Zhao J, et al. Research on adsorption
kinetic model of solid amine in manned spacecraft
[J]. Space Medicine & Medical Engineering, 2019, 32(4):
326-332.

Mao H Y, Tang J, Xu J, ef al. Revealing molecular mechanisms
in hierarchical nanoporous carbon via nuclear magnetic
resonance[J]. Matter, 2020, 3:2093-2107.

Mahmoud P, Susana G, Mercedes M V. CO, capture by ion
exchange resins as amine functionalised adsorbents[J]. Chemical
Engineering Journal, 2018, 331:335-342.

KRR, PR 7Kk, T35 SCIE. 58 P47 F T 6 5 [ 285 T TR B ) 4 1
% B HORE COL M B PERERIT FC[T]. W5 40 T274], 2018(7): 886-892.
Liu F L, Chen S X, Fu W H. Synthesis and CO, adsorption
behavior of amine- functionalized porous polyacrylonitrile resin

[J]. Acta Polymerica Sinica, 2018(7):886-892.



Preparation and CO, Adsorption Behavior of Amine-functionalized Porous
P(MMA-TMPTA) Resin

Yuhang Ge, Jianlei Sun, Qi Wang, Xiaoyun Zhang
(College of Materials Science and Engineering, China University of Petroleum, Qingdao 266580, China)

ABSTRACT: A solid amine adsorbent was prepared by suspension polymerization of methyl methacrylate
(MMA) and trimethylolpropane triacrylate (TMPTA), followed by aminating with tetraethylenepentamine-
acrylonitrile (TEPA- AN). The structure, morphology and stability of solid amine adsorption materials were
characterized by SEM, FT- IR, nitrogen adsorption- desorption isotherm, thermogravimetric analysis (TG),
elemental analysis (EA) and other methods. Factors that could determine the CO, adsorption performance of the
solid amine adsorbent, such as adsorption temperature, organic amine loading and humidity, were investigated. The
results show that the maximum adsorption capacity of CO, (93.43 mg/g) is achieved at 25 ‘C with the CO, volume
fraction of (140.1)%, the flow rate of 0.4 L/min and 60% TEPA-AN load. The presence of water can increase the
adsorption capacity of this solid amine adsorbent for CO,. At the humidity of (50+£5)%, the adsorption capacity of
CO; can be increased to 105.30 mg/g. After 9 cycles of regeneration adsorption, the adsorbent still retains 96.554%
of its initial adsorption capacity. The results show that the TEPA- AN modified porous P(IMMA-TMPTA) solid
amine adsorbent has stable regeneration performance, excellent adsorption capacity and selective adsorption for
CO,. The kinetics study found that both physical adsorption and chemical adsorption are involved in CO,
adsorption.

Keywords: solid amine; CO,; porous polymer; adsorption



