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Enhanced absorption of dilute ammonia emission from ammonia-based
CO, capture process by gypsum slurry
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Abstract

tion of dilute ammonia emitted from the ammonia-based CO, capture process. The dilute concentration gas-liquid

Gypsum slurry was utilized as a new solvent and substitute for water to achieve enhanced absorp-

equilibrium pressure of the NH,-CO,-H,O system, affected by dissolution of CaSO, + 2H,0, was calculated un-
der room temperature and atmospheric pressure conditions. The thermodynamic mechanism of the simultaneous
absorption of ammonia and carbon dioxide into gypsum slurry was analyzed and validated using simulated experi-
ments. Compared with pure water, the gypsum slurry (as a solvent with different thermodynamic characteristics)
was found to decrease the equilibrium pressure of ammonia to below 1 Pa during the absorption process, and then
achieve the super-low ammonia emission with relative low liquid-gas ratio.

Key words gypsum slurry; enhanced absorption; ammonia-based CO, capture process; dilute ammonia e-

mission

CO, it B HEH 5 | 0 4o 3R A 228 9% ) | 2 )
21 it 40 N2 T I fe ™ IR g Pk ik — . €O, Pk
W HE A TA R R 0 G A BR S AR AR A A R AR
MR B AT RERE AR L Pl vk /N T DL ) i 4
LG e W A WA R B HLET R Y Co,
WHEE R . H NH,-CO,-H,0 =01k £ 55 W fif 5t &)
FERPEF B LR CO, iR RS NH, i
() Ta) 8, DA AS B = Wk T5 Gy Y AR R 3OS AT
am

HAT, Tolk bR A R AW 0 i E 2 A K3
W e M, ARk, 26 [ Alston 4 F 2

EEWE  H KB AW H (2013BAC12B01)

Prfm B #2015 -03 -20; 1T HER:2015 - 04 - 12

EH B KA (1988—) , £ B -HBF 55 26 , W9 05 ) < b 17 7
* i EE R A, E-mail; jhzhu@ scu. edu. cn

H BRI CO, 4l 4 R S8 R W/ NH, - 70 J&
M8 & 15 ( chilled ammonia process, CAP) 4 <, CO,
AT LA R AR A D 1R A 3 ) Ak Ak
A NH, & <10 x 10 skt Har'" o fEI8
HEAT 8 MELLN T ST 432 . 207 R B
i 24 77k L R A B R AR R R R

AW 5T TR B JH < CO, H 4B LB A
7 5 A P 0 B P I e 4 o A P T
I W8 A1 A R AT ) A 2 P A R, AR VA K
WL R M g A IR, 22 B e 0 B PR T Rk e X
o E . AT R X H S I % 0 AR B T RE

He = Z AR AR & CO, JdHE . E-mail;zchedu86@ 163. com



4378 5

i
H

%10 &

1 SEBRRIZ ZRTRES ST

SHHMESEHNEEER
SO N AR I A o A B
TR AP 2 MR ik 3 B R A TR 2K 5
FEL AR O, A7 AE U RSP S
NH,” + OH ==NH, + H,0 ==NH, + H,0 (1)
UM 1SV A 23 e PR T 0O o] 5k ik
BE o W AR h O R R A e B 1 TR

1.1

NH, @)

? b ST

NHK(aq)

T i
NH @) 2y NHHO BTy

5
I
SR

VA
NH,COONH, ————p» NH,HCO,/(NH,),CO,

BT MR 1 e i A i
Fig.1 Mass transfer of ammonia in absorption process
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Fig.3 Schematic diagram of experimental set-up
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Table 1 Experiment data in turbulent bed contactor
HEIT NH, i H NH, #E1 CO, HH €O, AR NH, L EDRAE CO, H HE A CaCO;y
W WER I WL/ WL/ W/ W/ W/ W/ W/
x10 ¢ x10 ¢ x10 ¢ x10~° (mol - kg™") (mol - kg™") (mol - kg™")

alik 0.749 4 6 048 43.21 21 786 20 884 0.435 4 0.066 8 —

EIPIN 1.405 0 6 048 32.46 21 786 20 103 0.228'5 0.067 1 —

alik 2.5853 6 048 16. 80 21 786 18 568 0.126 9 0.069 5 —

ali 7k 3.112 1 6 048 11.00 21 786 17 811 0.098 6 0.0712 —

ali 7k 3.750 0 6 048 6.00 21 786 16 923 0.088 8 0.072 1 —
W 0.597 0 6 048 27.01 21 786 18 940 0.443 9 0.212 3 0.041 8
RIF 1.195 7 6 048 11.05 21 786 19 237 0.204 3 0.081 1 0.032 7
BRI 1.793 6 6 048 5.52 21 786 19 125 0.123 5 0.051 0 0.028 2
BIF 2.3915 6 048 2.16 21 786 19 104 0.074 1 0.029 4 0.030 4
BT 2.989 3 6 048 2.00 21 786 19 000 0.048 2 0.019 8 0.029 9
BRI 3.597 2 6 048 2.00 21 786 18 933 0.030 3 0.012 7 0.029 8
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Fig.4 Comparison of operating line and equilibrium line
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partial pressure of ammonia

MIELS i 7R W e i A 1) 1 48 28 n] A gk ik B
JE P15 NHy 53 AR TR T 1 Pa, AT 2% 25 R 5 I 2

(/INF 1 Pa) (RE 7, B Ak 34 i W e300 A o, B AR R
W) A 2R B L i 2 /T 0. 015 mol - kg™ (K M
SR ) A BE I R NH, <10 x 10~ i HEBObr v
T A1 5 B 3 W At AR o T & NHL 5 A8
ANTT A S 1) NH {45 AT W 0T i 28 g 78 1 A1)
FE R MR 0.06 mol « kg™ (EIHT N &R ) B,
HOR & B SR <1 Pa, FrAZEMIRIR ST,
A7 B U RO R R TR R BP T ik B R R NH, ik
J# <10 x 10 ~° g HE R bR v

4% @

1) 45 i) e A<k o 2 1 S B AR T 6 R AR
S 4y HE A 45 o il CaSO, - 2H,0 % fif 5 0 R
R E K e BE NH,-CO,-H, 0 1k £ S8 6 4 &
FHE S B A5 20, WSO R 445 K S0k B 1A 5% i 8 <
GOT- M 43 ) 1 R

2) 54l K AR Sy WA 7 W 5 2 O T R K
NH, #H E, 85 A7 8 8 77 2 28 W A0 ¥ 1) 34 g 2 1
Ji R & NH, 5648 5 (NH, ), S0, , FEAK T Al 4%
& NH, W BE, (i 753 - fif NH, 43 <1 Pa, 76 % i 22
JE R B AT 3K £ A NH, <10 x 10 ~° B HE bR o

2 & X

[1] ROSENZWEIG C., HILLEL D. Climate Change and the
Global Harvest; Potential Impacts of the Greenhouse Effect
on Agriculture. Oxford: Oxford University Press, 1998
WA, XUIL, SRE. ROk S BRI AR S A R
CCU Jrim & . HEBETE, 2012,34(10) ; 15-18

XIE Heping, LIU Hong, WU Gang. A new strategy idea of
CCU technical for China to achieve CO, emission reduc-
tion. China Energy, 2012,34(10) : 15-18 (in Chinese)
[3] RAFSC, Fm. AR AR L2 i 1.2 &
HERA . BB TR =, 2012,6(1): 1-8

SONG Cunyi, ZHOU Xiang. Chemical absorption processes
for low concentration CO, and comprehensive comparison.
Chinese Journal of Environment Engineering, 2012 ,6(1) .
1-8 (in Chinese)

MCLARNON C. R., DUNCAN J. L. Testing of ammonia
based CO, capture with multi-pollutant control technology.
Energy Procedia, 2009,1(1) . 1027-1034

REYE, AR, ZEJRE, % 2R Co, i LY
TG g R RS TN s A (LR R
2015,47(1) . 173-179

ZHU Jiahua, JI Cunmin, ZUO Qiyin, et al. Study on the

secondary pollution control in CO, capture by aqueous am-



=

8 1

SR AR WA R PR RO b TR B R e R

4381

[8]

[9]

[10]

[11

[

[12]

monia process. Journal of Sichuan University ( Engineering
Science Edition) , 2015,47(1) : 173-179(in Chinese)
Bigte, £I87%, R, & 2K BERSYBER CO,
BESEWIIBTR. HETREEMR, 2009,3(9):
1630-1634

ZENG Qinghua, WANG Yifei, WU Ying, et al. Study on
removal of CO, greenhouse gas by mixture of ammonia and
soil. Chinese Journal of Environment Engineering, 2009 ,3
(9): 1630-1634 (in Chinese)

MATHIAS P. M., REDDY S., O’ CONNELL J. P.

Quantitative evaluation of the aqueous-ammonia process for
CO, capture using fundamental data and thermodynamic a-
nalysis. Energy Procedia, 2009 ,1(1) . 1227-1234
XUMEE, B, VR, S KA R IR Y 1L 5
Fitk. feof TR, 1983(1): 67-68

LIU Shixian, QIN Shujun, WANG Yuhui, et al. Research on
mass transfer characteristics of falling film tower with ammonia
water. Chemical Engineering, 1983(1) : 68-69(in Chinese)
FEJURE. WM A R R . RS T, 1993, 13
(5): 1821

JI Guangxiang. Spraying saturator has a new development.

Gas & Heat, 1993 ,13(5) . 18-21(in Chinese)

MAIER E. E. Process for removing ammonia and acid ga-
ses from process streams; United States Patents,
4594131. 1986-06-10

TELIKAPALLI V., KOZAK F., FRANCOIS J., et al.
CCS with the Alstom chilled ammonia process development
program: Field pilot results. Energy Procedia, 2011,4:
273-281

DARDE V., MARIBO-MOGENSEN B., VAN WELL W.
J. M., et al. Process simulation of CO, capture with a-
queous ammonia using the Extended UNIQUAC model.
International Journal of Greenhouse Gas Control, 2012,

10 74-87

[13]

[14]

[15]

HAN K., AHN C. K., LEE M. S., et al. Current status
and challenges of the ammonia-based CO, capture technol-
ogies toward commercialization. International Journal of
Greenhouse Gas Control, 2013 ,14; 270-281

Y, WA, WA % CO, WL CCS 55 CCU
BRI B 2 L U R R (LR R R
2013,45(5) . 1-7

ZHU Jiahua, GUO Xinnan, XIE Heping, et al. Thermo-
dynamics cognizance of CCS and CCU routes for CO, e-
mission reduction. Journal of Sichuan University ( Engi-
neering Science Edition) , 2013 ,45(5) : 1-7(in Chinese)
MA Shuangchen, SONG Huihui, WANG Mengxuan, et
al. Research on mechanism of ammonia escaping and con-
trol in the process of CO, capture using ammonia solution.
Chemical Engineering Research and Design, 2013, 91
(7). 1327-1334

[16 ] BUDZIANOWSKI W. M. Mitigating NH, vaporization

[17]

[18]

[19]

from an aqueous ammonia process for CO, capture. Inter-
national Journal of Chemical Reactor Engineering, 2011,9
(1): 1542-1580

QUE Huiling, CHEN C. C. Thermodynamic modeling of
the NH;-CO,-H,0 system with electrolyte NRTL model.
Industrial & Engineering Chemistry Research, 2011, 50
(19): 11406-11421

BIELING V., KURZ F., RUMPF B., et al. Simultane-
ous solubility of ammonia and carbon dioxide in aqueous
solutions of sodium sulfate in the temperature range 313-
393 K and pressures up to 3 MPa. Industrial & Engineer-
ing Chemistry Research, 1995 ,34(4) . 1449-1460
JILVERO H. , JENS K. J. , NORMANN F. | et al. Equi-
librium measurements of the NH,-CO,-H, 0 system-meas-
urement and evaluation of vapor-liquid equilibrium data at
low temperatures. Fluid Phase Equilibria, 2015, 385,

237-247



