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Abstract: As one of the main technologies in CCUs process,chemical absorption technologies have been widely used in CO, capture and
purification process. However, traditional industrial MEA solution as absorbent has many disadvantages,such as high energy consumption,
strong corrosion and degeneration. Therefore, the development of a new generation of composite amine absorbent has become the focus
of current research. In this study, based on the sterically hindered amine 2-amino—2-methyl - 1-propanol (AMP) , a series of TETA/
AMP composite water—based absorbents were synthesized for CO, capture in flue gas. Through the comparison test of absorption—desorption
performance of solutions with different ratios,the absorption capacity , absorption rate , regeneration rate and other factors were comprehen-
sively investigated ,and finally the best ratio was obtained. And it is found that the TETA/AMP composite absorption liquid with a mass ra-
tio of 1:1 has the best absorption and desorption performance. Compared with pure AMP ,its saturated absorption capacity is nearly doub-
led,and the maximum regeneration rate can reach 0.03 g/min. In the process of CO, absorption by the composite absorbent, the sterically
hindered amine AMP with a faster absorption rate can quickly capture and activate CO, molecules,and then it is transfered to the alkenyl-
amine TETA with multiple reaction sites for storage. In the desorption process,due to the steric hindrance effect of AMP,the connection

with CO, molecules is easier to be broken,thereby increasing the regeneration rate. At the same time, quantum chemical calculations are
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used to simulate the monomers and compound unit,so as to deduce the formation process of the compound system. In this work, the rela-

tionship between the distribution of the electrostatic potential on the molecular surface and the monomers forming the compound system was

discovered , the role of different functional groups in the formation of the compound system was analyzed, and the necessity of the hydrox-

yl group in the formation of the compound system was proposed.

Key words: CO, ; complex amine ;triethylenetetramine ; 2—amino—2—methyl—1—-propanol ; density functional theory
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Fig.2 Comparison of the absorption capacity and time
for TETA/AMP

ANT) B B W AT T TR e €O, 3 SR X et 1R 3 i
o WS, A W 1) W A0 R i
W2 WA s o] I 30 37 A AT, 7 T MACHT) B o B, B IR Ml
WAL T T CORZERT, 13% AMP+7% TETA W
VTR AT 3R S5 1K 5 7 it o MR S R R R i A 7, LR
W R 5T R 10% AMP+10% TETA W2 i
WO AR AR — B, 7RG R, 10% AMP +
10% TETA WO 3B B, Ui B TETA B9 i A XF
PEERICEF AR RO, R TETA S ARZ
HI35E CO, 7 A5, FEM ST R v, AMP 43 T8 B T 28
¥ £ BELVE I RE SE P dmi 38 O, 40 7, SR 4 HoAL 336 25
TETA # WA S AT A7, il ik TETA 5 AMP 43
- [R] P [l R A AR - B o B AR 0 T A2 I O
AR SR 3 KR AR T

-
A

/(g » g

~ 0.020k% = 10% AMP+10% TETA
P ., * 13% AMP+7% TETA
‘g Lom 2 15% AMP+5% TETA
7 0015Fe o 4 =
o0 L
. 0.010F L.
§ 0.005 F -
A ]
[

10 20 30 40 50
N i)/min
B3 [ H TETA/AMP £ 6 Ak 36 % OS0R R M 5 3
Fig.3 Comparison of absorption rate for different

proportion of TETA/AMP complex solution

2.2 BER
T %5 A W T2 P Al R SR



FME K% . TETA/ AMP & 57K 3 CO, ISR AT

www.chinacaj.net

2020 4E56 6 1)

W I ORI T T A W 36 0, 45 SR an &l 4 o
7No AIH 15% AMP+5% TETA YWk RE fe P 58
R, T 10% AMP +10% TETA Y W WO 5 18
Tt B DAL RR 25 38 i i 56 U P B[] 55 AMP 76 52
Fic A 25 o A 1 i 2 SR 56, AMP FE IO R 1 5 EE
R O VA TR A A W RE IR B A TE R AMP 7R RS
W Ry Aot o B g i R, DR oK L5 | A TR O A
FITREACAR R BEFE, FLICPUR R T AMP 1R —Fp
23 (AN BELRE , 5 20D R 3 Al i S A S BE Y
iRV S (T Raa ol A< S el 1 R VA S S VA P
AMP 5 CO, i R~ kee A%, ol 7R R IR 3
TR DT ELAT 5 e A A ROR R AR A

0.06

. = 10% AMP+10% TETA
~ 005F . * 13% AMP+7% TETA
0 0.04 . 4 15% AMP+5% TETA
& 0.03F N .

i)
= onf T,
& 001 . .
0r : ° .
1 1 1 1 1 1
0 5 10 15 20 25

i 1] /min
K 4 TETA/AMP Z & K &R YRR LA AR E M
Fig.4 Comparison of the regeneration capacity
for TETA/AMP complex solution

AL TETA/ AMP 52 4 7K 35 W50V e R s
AT 5 i, A% 15% AMP+5% TETA fY
WG AT AR fipt WM, TR 3 A A I ) R 1 B Ak T 4 v K
o FEME W 28T A v Y AR W WD 1, 10% AMP +
10% TETA WIf#WR# A5 15% AMP+10% TETA %
AL, AE M 100 A9 22 BRSO, A AMP X 52
FCI A WA e

0.032
= . = 10% AMP+10% TETA
2 ool © 13% AMP+7% TETA
g v ° g *15%AMP+5% TETA
2 0.024
2 o020t . :
= .

0.016f .

5

10

15 20 25
i 8] /min

B 5 F R &k TETA/AMP & & 7k 3 50K % & 1 1
Fig.5 Comparison of the regeneration rate for different

proportion of TETA/AMP complex solution

TESZ PR W~ A W T REHRAE v, O T R A
R ZRERE, T 2B A Wl R AT e i AH )
WS CO, 777 AN [1] ) G BLAS figp W REFE 2 LA
Ko A RO TR BEAT , WO S Ay B AN TR
T A% L B R CO, P it B BE AR H7 22 1 i

W, A T B 23 PR B — o i RSO B AT, LA
FEAEEIR T2 ReFE., NI, 35 51 7% 28 Wi — i Wi ok
FRH, b ] Be i Mo R B, 10% AMP +10%
TETA e Lt 1) 52 e v v W ATk 238 5 EL A o5 vy W AT i
B OV T AR AR AL, LA A W e e P i e B
WATAEE I, IR BT H e T 240 F 1
DL, BE T Tl Ak H
2.3 SRR RY CO,ME

TETA T4 2 MARSEA 2 > fh 3t
W1, R a1 e 5 AT R s s CO AR B4 T 2 I 1Y
TEFEAE AL T AMP 43 F R RS AEAE 138 AN 1
AFRIEREA, R 2 A 431 ) o E AR A EE
HEM SRR IEHE TR, it 2PARSY 2 a1l
AR ELAE FH S AL, B &2 SR R4 4E Co, 1y
YERPLER, R & A2 e85 k8.

AR DR 2 e i o R R
MR I ER G+ BN EREE R RRAE . H F 2R
IEE S FHIE RS Sz miie, Hd %
FEIZ RIS THE S T AR AR R R
HAe¥sfe & IR R b T 5 RO R fE T
AT S A T A, A ST R 5% B2 bR
eI TR

HIRGE 2 IR R BB BUHLER, Xt L LA 4+
R TR AT 20 B IR T 2 R s [l i 45 5
Jr A SOBTERY CO, WA . B 5%, B %z
RS THRXS 2 Ry 1 SR SR TR A, DR AL S 1
FRINE 6 P oAbt B PR 340 b3lyp/6-

-
B, 3
T

/ J

9 f‘

(a) TETA

J\‘J
" o

J J
(b) AMP

B 6 TETA fa AMP 4 F S {4 {b 5 #9 4 4
Fig.6  Optimized structure of TETA and AMP

Lo

61



2020 4F55 6 HH

ik 4 4 H# K

www.chinacaj.net

%26 &

31G * , fifbss R Bas  TETA 43 F— () 4% Bt H B

T E RN, T — O AN E R SRS Y

TETA 5 AMP 43T HUiR IR R S AE & WL3& 2, vl

AL TETA 5 AMP 43T B4R 4 1 2 BRE 43

G A-11.76x10°Fi1-7.42x10° kJ/mol , & H B A .
®2 EMRLENSFERREREE

Table 2 Total energy of molecules after structure optimization

nF HEER/(10°k) - mol™")

TETA -11.76

AMP -7.42
TETA+AMP -19.18

FEAAR G A 48 R0 R 78 4 25 i ) A sS4
P A B T3 B R 0.001 SR 1, 2614y 1
AT A R SR (BT, PSR AAS [) 50 5 B Pl 28
ALK A3, o areafUR T, 5 AR R IE(E,

TETA 1 AMP 4313 1 i f S an &l 7 s, ]
HIUTETA 53 FA43 4 W3 S5E A (0 B AT #50 v £ 1
() N JR T HH BUAE 53 788 B b R 9 il ) — o, HLe
G P R I — i ] 55— it i T 05, PRl — i 1Y)
N R A PERSS . T AMP 43§ N J5iF .0 i1
BB A A F G HLR R I Y H TR T Ak
PRACTH A 1E F HA ) e LR i AR WE R AR 55, X R
L Tl B e el 51 e A 7 I = =
TETA #3880 H 5 67 HL 3810 05 07 05 AMP i 3%
IR 5 O R B S R o 3 s 2, R, R
FEH R AN N 3 A~ AMP 43 F 5 2 4~ TETA
Oy T EANERIE 0T A S M4 R oG, d

)

(a) TETA

(b) AMP

’ 7 TETA 1 AMP 4 F 3 W # . 3%

Fig.7 Electrostatic potential diagram of molecular

surface of TETA and AMP

62

R R, EaRi g M A5 20 A fe 8 & e L ok
G EM) TETA 5 AMP &, 258 405505 19 EE IR E
ZyR2 1 3, G AR 2L

h TG R RR R R, 5] AR ERE
VA (R e B | SR FH 28 B 32 pR B8 3530 ) 42 Fid Ak
RIHOREE A HEA TR SE . S WA B AR A
SFZEMHE TR, EEAERRA T HEE -4
AMP 7315 TETA 4 T T %80 A, ik
JE PSRN 8 FIF /s, ] JH1 I 43 19 235 ¥4 G BH I8 2l
5 HAK R BB H-19.18x10° kJ/mol , 21175875 5
2 PRI AEZY N -65.637 5 k)/mol,

° %
o -
. ®. *: ’
2 g ¥
%, 952

& 4

K8 TETA+AMP ff 1t & &9 45 4
Fig.8 Optimized structure of TETA+AMP

11 PSR I R 3 (1 9) Al 1, AMP 73
2 HA B RAE RO SR s TR A I L
FLA IR TETA W 7= &8 T H &, B fatE T
T, Ul TR A T AR AR R 0 2% A Al i R
AMP 731 PR E RE I IO 8 T A 5
5 AL AP P R U

,Jﬁjg I d

*.J X J’
279,

“: - ok

\j}‘

B9 TETA+AMP 3 T # & %
Fig.9 Electrostatic potential diagram of
molecular surface of TETA+ AMP

3 % i

)AL T — %] AMP/TETA &4 7K F W Ui
TS CO,Melk, HT TETA A2 1T
BEMT, PR U AE 2 A WSO = 28 A 4 R WAL Ak 28K
FIVER ;1 AMP AF Sk SR (% 23 [a] (v BH B, HoAE 2 A
W AR Y = B AR AT A W JE A sl 2 A
S I, AL S A LEE AR



INHACEE  TETA/ AMP &2 A 7K 3 CO, ISR AT 5T

www.chinacaj.net

2020 4E56 6 1)

2) 7E E BCIA I CO, i FE b, B AR i
BRI (B AR AMP REPREHSE CO, 00+, 34
Hidifl, Z 5tk 45 HA 3 2 IO A i 1) s 2 i
TETA , 38 1 PRtk Fifi 2R 123286 S B (AR 1 R 28 it I st
TR, TR AR | 2 (R 7 B Fhy T AR Ok 1 =5
[ BHERN , 5 CO, 40Tl 135S , R B 5
Bl S VAT A I DT A S o3 AT e W M

3) @i XA [R) BE HE ) AMP/TETA & Bt 7K 3 1%
AR 118 2 AL — i I 1 B DN 3K, I o B e AR T B R
10% AMP+10% TETA , & Tl AL FHBEE T 3t

4) R % gz R BRAS T T TR X LR R
RIS TAESE , BBy FREFR A HESL
BeiA R it B i AR, A SR
¥R L/ 7P A7 A B Ay S P 46 3 e o AR I f A
SUBOGE R A5 B 9 A2 L BA T A AR S BRI S gk L
A e A I RSO BE L — 3,

5)7E AMP (1% 2 A~ EA B I E R ALS R
TREERAMIEBRAAES S TETA HEA/EH,
ULEHTE SR 45 Y il R vp R 3L B RE A LA 2
Pk, A E FE MR TR T FS 48 5

2 % 3Lk ( References) :

(1] AT HLMe BRI A T 2 0 CO, S FRAFREBIE D).
A ATAERHE R, 2019.
GUO Hui. Research on CO, absorption process using originic
amine/glycerol ether non — aqueous blends [ D |. Shijiazhuang;
Hebei University of Science and Technology,2019.

(2] RS, R aR , 2K, 5 AU CO, S g [ )],
GRS AR ( FARRMFR) ,2018,42(4) :164-173.
LU Shijian, GAO Lijuan, LI Xinze, et al. Experimental study on re-
action heat of carbon dioxide absorption with organic amines/[ J].
Journal of China University of Petroleum ( Edition of Natural Sci-
ence) ,2018,42(4) :164-173.

(3] SRoZZE BhREEE, SKEL MEA-PEHA & BRI — AL L
WFFELT] AT, 2018,47(14) . 1-4.
ZHU Libin, LU Shijian,ZHANG Hui. Experimentalstudy on carbon
dioxide absorption of MEA — PEHA compound solution [ J ].
Shandong Chemical Industry,2018,42(04) :1-4.

(4] BRI BERK R CO, i PR Y JE M Re PEDF X [ D] b 5T
fedbr JyR2% 2018,
YANG Junhan. Study on corrsion characteristics of CO, absorption
of amine aqueous solution [ D ]. Beijing; North China Electric
Power University,2018.

(5] RIS, B2 W, 0y B4 R ) IR S A B ek il 4R
GRS [ T] AT kRS ,2018,37(12) :4874-4886.
LIN Haizhou, PEI Aiguo, FANG Mengxiang. Progress of research
on process modifications for amine solvent—based post combustion
CO, capture from coal -fired power plant[ J]. Chemical Industry
and Engineering Progress,2018,37(12) :4874-4886.

[7]

[10]

[11]

[12]

[13]

[14]

[15]

REN H,LIAN S, WANG X, et al. Exploiting the hydrophilic role of
natural deep eutectic solvents for greening CO, capture [ J].
Journal of Cleaner Production,2018,193:802-810.
A, EACR , LA DR — AR DT (7]
FAEBER S 26 9% ,2020,13(7) :26-29.
ZHAO Yi,WANG Yongbin, WANG Tianhao.Research progress on
the absorption of carbon dioxide by organic amine method[ J]. Re-
cyclable Resources and Circular Economy,2020,13(7) :26-29.
REPFE BT AR, %5 56 T AEEA 19 —J0 & it
e Co, WEfgtERERE T [ J]. RSk 2% T 2 41, 2017,31(6) .
1442-1451.
LU Shijian, GENG Chunxiang,ZHAO Dongya, et al. Study on the
degradation of AEEA based mixed amines in CO, absorption[J].
Journal of Chemical Engineering of Chinese Universities, 2017,31
(6) :1442-1451.
BRI s, 5. MDEA & H A2 A s i %t Co, Wi fig
WERIFEE T[] RAR A T (CL K22 546 1) ,2019,44(4)
124-130.
KANG Shunji, SHEN Xizhou, XIANG Li, Research progresses
in carbon dioxide absorption and desorption from MDEA and its ac-
tivated amine[ J]. Natural Gas Chemical Industry,2019,44(4) .
124-130.
RliPF e, 2205 AR T, 4. TETA-MDEA &4 7 W W i 5
W CO, TR FFE[J]. 1AL T, 2019,48(7) : 192-198.
LU Shijian, LI Xinze ,ZHAO Dongya,et al. Experimental analysis
on absorption and desorption of CO, by TETA - MDEA com-
plex Solution[ J ]. Shandong Chemical Industry,2019,48 (7).
192-198.
ARALEE, WP DETA - PZ 526 W W 55 A W CO, SERRF
FE[I].h %R T,2019,48(16) :29-32,35.
ZHU Libin, LU Shijian. Experimentalstudy on absorption and de-
sorption of CO, by DETA —PZ complex solution [ J]. Shandong
Chemical Industry,2019,48(16) :29-32,35.
% 2T BZA-DEEA/DMEA/1DMA2P/AMP —JCiR & i i
CO, FHANEREDIFEL D] T HITE K%, 2019.
CHENG Yi. CO, absorption and desorption performance of BZA-
DEEA/DMEA/1DMA2P/AMP binary blended amines[ D ].Xian-
gtan ; Xiangtan University ,2019.
Frpar | Bl DETA-MDEA & AW IS i Co, S25k
BFFE[J]. 4104 T.,2019,48(5) :1004-1008,1012
WANG  Zhonghong, LU Shijian. Experimentalanalysis on
absorption and desorption of CO, by DETA-MDEA complex solu-
tion[ J]. Contemporary Chemical Industry,2019,48(5) :1004-
1008,1012.
DB B IE R ISR L R & A 4R CO, MERED ST
[ D] A7 R H I JERHER S, 2019.
LIAN Shaohan. Synthesis of amino acids—based deep eutectic sol-
vent and its performance for CO, capture [ D ]. Shijiazhuang:
Hebei university of Science and Technology,2019.
SHAMAIR Z ,HABIB N,GILANI M A, et al. Theoretical and ex-
perimental investigation of CO, separation from CH, and N,
through supported ionic liquid membranes[ J]. Applied Energy,
2020,268:115016.

63





