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Prediction of ion concentration and reaction progress for
CO, capture process by AEEA solution

XU Xiao-ling™ , LI Meng, TIAN Cheng-bao, TIAN Qing-mei, LIU Yan-sheng, LI Nan

(State Key Laboratory of Heavy Oil Processing, School of Engineering, China University of
Petroleum-Beijing at Karamay, Karamay 834000, China)

Abstract : Alkanolamine route chemical absorption method represents one of the most mature technology to capture
CO, at present. Aminoethyl ethanolamine ( AEEA) is a potential new type of highly efficient absorbent.In this study, the
impact of the concentration of AEEA solution and absorption temperature on carbon dioxide capture by AEEA solution is
explored, and the effects of thermal desorption and microwave desorption are compared.The reaction mechanism of CO,
absorption by AEEA is verified in combination with "CNMR analysis, and the distribution of ionic concentration of
various components in the AEEA solution absorbing carbon dioxide process is calculated by using the pH method. The
results show that the suitable absorption temperature and concentration for AEEA are 40°C and 2 mol/L, respectively.The
microwave desorption method exhibits significantly better than the thermal desorption method.">CNMR analysis proves
that AEEA absorbs CO, to generate carbamate firstly ,and then form HCO;/CO? ions gradually with the increase of the
loading amount.A model is established for calculating the ion concentration distribution of AEEA solution via the pH
method , which can predict the ion concentration distribution of the system accurately.Finally,a method for qualitatively
predicting the reaction progress of CO, absorption process in AEEA solution is developed by combining the pH value.
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AEEA 5 CO, A T AEEA 1A 2 5 W iR &8 Fn
AEEA L Rdh  JFBA Al ABEA 2L H iR
AU AEEA 2 EEHREL[ AEEA(CO0) 5 ik
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CO, TR E I (0.588 2 mol CO,/mol AEEA) , A
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fif R, CHE T TR A AR ORI A PR, AR AR
BCNMR 45580 LLEDN | AEEA TR CO, it 8k
AR, W (7) ~ (13), B HLER 5 P s 1
SN AL — 3,

k
AEEA + CO, + H,0 == AEEACO0™ + H,0"  (7)

k

AEEAH" + H,0 == AEEA + H,0" (8)

k

O, + 2H,0 ==HCO; + H,0" (9)
k

HCO; + H,0 ==H,0" + CO¥ (10)

kS
2H,0 —= H,0" + OH" (11)

k
* HAEEAH' + H,0 —= AEEAH" + H,0*  (12)

" HAEEACOO™ + HZO‘LAEEACOO' +H,0" (13)
2.3 AEEA U CO, TP EFRETES RN
it
2.3.1 BFRAELHE

FERE RO CO, sl fR T A ad pH 3% DA K A%
REFEIR AT R P i B IR IE X o, T2k
THRBRUL A B2,

X} AEEA-CO,-H,0 R &R, #178 FHE 5 pH
ORHE, 454 P CNMR 45 4 figchn ik A AR oY
FJE CO, Ml AEEA AP i 3 LA K A fiig K& 20 73 2 vy
A W — B L B R IR A I B R R 1 i R, R
% TR 5 A RS 53 OV AR B AEEA L
ML/ BER MO, R R FE R E RN (7) ~
(13),

XPIZA ZR 0 BN AT A A= (14) ~
(18),

K, = [AEEA][H,0"]/[ AEEAH" ] (14)
K, = [CO7 ][H,0"]/[HCO; ] (15)
K = [H,0"][OH"] (16)

K, = [AEEAH"][H,0"]/[ " HAEEAH']  (17)
K, = [AEEACOO™ ][H,0"]/[ " HAEEACOO ] (18)
Hr K, MK, 50 %) AEEAH Fl "HAEEAH" ()%
BT R B, InK S5 Y o6 RAR PRS2 B0 (E
HEAT IR0, H 9 2 fi 25 h 4R K, R K 43 o) DL 2 5K
(19) .(20),K, Ky K, 33X 5 Hon] i Sepk>o 2
i, AR FR AKX A (21) ~(23),
InK, = 0.057 52T - 39.949 32 (19)
InK; = 0.056 58T - 32.830 16 (20)
K, = exp[ — 294.74 + (36.438 5 x 10*)/T -
(1.841 57 x 10°) /7% + (0.415 79 x 10")/T® -
(0.354 29 x 10°)/T*] (21)
K, = exp[39.5554 - (9.879 x 10*)/T -
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(0.568 827 x 10°) /T + (0. 146 451 x 10")/T° -
(0. 136 145 x 10°)/T*] (22)
InK, =-19.951 - 292.57/T (23)
XPIZAR R AT W) Rk B 5 r g sE TR iy
K (24) ~(26),

[AEEA], = [AEEA] + [AEEAH*] + [ HAEEAH"] +

[AEEACOO™ ] + [ " HAEEACOO™ ] (24)
[Coz]o = a[AEEA]o = [HCO;J + [CO?] +[CO,(aq) ] +
[AEEACOO™ ] + [ * HAEEACOO™ | (25)

[AEEAH"] + [H,0"] + 2[ " HAEEAH'] = [OH ] +
2[CO¥ ] + [HCO; ] + [AEEACOO ] +  (26)
CO, 14 B ik P (3 1 RIS, DXL U3 5 IA
€O,y ITRAZME AR 855420 (17) ~ (26)
XPZAR AT SR A SR A5 (27) ~ (31) .
[AEEA], = (1 +K,/[H"] + [H"]/K,)[AEEAH" ] +

(1 +[H"]/K,)[ AEEACOO™ ] (27)
a[ AEEA], = (1 + K,/[H"])[HCOO; ] +
(1 +[H']/K,)[ AEEACOO™ ] (28)

[H,0°] + (1 +2[H"]/K,)[AEEAH*] = [OH ] +
(1 +2K,/[H"])[HCO;] + [AEEACOO™ ]  (29)

A
a=1+K/[H]+[H /K,
b=1+[H]/K, (30)
c=1+K/[H'] d=1+2[H]/K,
e=1+2K/[H] (31)

331 50 (32) SR i [ AEEACOO™ | Ji5, #E T =k 15
[AEEAH'] [ *"HAEEAH' ] [ AEEA ][ "HAEEACOO ] .
[HCO;].[COT ], WK (33)~(38).

[AEEACOO™] = [ac([H,0*] -[OH ]) -
(eaa = dc) [ AEEAT, ]/ (ac + dbe — eab) (32)

[AEEAH®] = ([AEEA], - 5[ AEEACOO0™])/a (33)

[AEEA] = K,[ AEEAH" ]/[H,0"] (34)

[* HAEEAH'] = ([AEEAH"][H,07])/K, (35)

[ * HAEEACOO™ ] = ([AEEACOO™]J[H,0"])/K, (36)

[HCO; ] = (a[ AEEA], - b[ AEEACOO™ ])/c (37)

[CO¥ ] = K,[HCO; ]/[H,0"] (38)

Hrp.a €O, 7%k, mol CO,/mol i;K, K K, N

S B B R R K, B K O AEEA i B
HERE T

K9 M ds iR AT 2.0 mol/L AEEA K
W CO, J I ek 7 v 8 Vi B3 118 A8 kT A3 45
AT LE Y WG R AEEA 9 % 2 Bl 671 2%
(RIS NNZ BT R ; He =) AEEACOO™ L3 Je 3 e
FEAR a3, I R 2 AEEACOO™ 23 7E W v 2 i
T, *HAEEACOO ¥ 5, X 5 Ma’mun %K
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B9 2.0 mol/L AEEA ¥ i & Bi it 2 o
Bk AR A

DI — ARG S5 S D AT B0 UE . AEEA ¥k B
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mol CO,/mol AEEA, X AEEA/AEEAH" .CO* /HCO;
P AEEACOO,/AEEACOO A% R W SE A7 T AR 4
IR — R fife th 453 43 el . Ho, AEEA/AEEAH®
W T AR 5 M AEEA Y 34. 6%, 3K fit AEEA ¥ & Ky
0.357 mol/L 5 FIR L5 0. 350 3 mol/L 2
U, L HE T pH PR TR B A ER
2.3.2  BR st ATAM

W7 OB E IR, 7R 5 CO, S nf el 72 v
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