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Experimental investigation on the absorption characteristics

of two ionic liquids for CO, in cement Kkiln tail gas
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Abstract: With the continuous global warming trend reducing carbon emission from industry is imminent. In the production process of ce—
ment clinker a large amount of tail gas in which consist over 30% CO, is emitted from the cement kiln. Therefore it will contribute greatly
to capture CO, from tail gas of cement kilns for carbon emission reduction of industrial field. Taking two ionic liquids M,Gu Ac( tetram—
ethylguanidine acetate) and TMG Lac ( tetramethylguanidine lactate) as research objects the absorption characteristics of pure CO,
and CO,in simulated tail gas of cement kiln tail gas at 30 °C 50 °C and 70 °C were investigated. The results show that the maximum ab-
sorption capacity for pure CO, and CO, in simulated flue gas from cement kiln tail by ionic liquids decreases greatly with the increase of
working temperature. The maximum absorption capacity of the two ionic liquids at 70 °C is 50% less than the maximum absorption capacity
of the two ionic liquids at 30 °C. The absorption effect of M,Gu Ac and TMG TLac on CO, in simulated tail gas of cement kiln is ob—
viously worse than that of pure CO,. The maximum absorption of CO, by the two ionic liquids is only 22.3% and 20.9% of that of pure CO,
under the same conditions. The five times absorption and regeneration cycle experiments of two kinds of ionic liquids were carried out at 70
°C. The results show that the absorption properties of the two ionic liquids are basically stable in five experiments and the regeneration
times have little effect on the CO, absorption capacity of the two ionic liquids.
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Fig.1 Experimental system for CO, absorption by ionic liquids
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Table 1 Instrument parameters and usage

: DZF-6050
( +10) ~250 C
:0.1C
11 C
: <133 Pa
:5~40 C

Co,

T TWX
160 L/min
12 Pa

1300 C
:+1.0 C

o,

99.99% €0,.0, N,

99.99% €0,.0, N,

: CS200A
1 +0.35% F.S. €0,.0, N,
:5~45C
:3 MPa
: FR224CN
:220 ¢
£0.000 1 g
s
1.2
CO, (1 o
CO, o m( CO,) /M( CO,)
(101.3 kPa) 1.0 g ot = UM, (1)
30 C CO, G abedos CO,
Co, mol /mol ( CO,/IL) ; m( CO,)
Co, g, M( CO,) CO, g/mol; my;
CO, g M,
o g/mol,
50.70 C CO, 2
CO, 2.1
co, €O,
40 ¢ M,Gu Ac
100 mL/min o TMG Lac 30.50 70 C CO,
3 2 o 2
3 CO,
C0,/0,/N,=0.337/0.045/0.618
CO, o
Co, N, 30 C M,Gu Ac TMG  Lac
CO, CO, 160 min 0.148
CO, o 0.134 mol/mol( CO,/IL) ; 50 °C M,Gu Ac
Co, TG Lac 18 min
CO, o 0.120  0.109 mol/mol( CO,/IL) ;70 °C

149



2020 5 26
M,Gu Ac  TMG lac 6 min 70 C  M,Gu Ac TMG  lac
0. 073 2 30 C
0.056 mol/mol( CO,/IL) . 49.3% 41.7%-50 C 60.8%
M, Gu Ac CO, 51.4%.
TMG  Lac M,Gu Ac CoO,
T™G Lac o
M,Gu Ac TMG Lac CO, CO, o Co,
2 2
Co, o
015 gpuEpEEEE 0.12 pnooo0oed o o 0.08 o o o o
0.14 " ..oooooooo un"uoooooooooo ° g ¢
@0.]2- .-'.:OOOO §0.|0- BEDOO ?*}10'06_ u 0 © 0 0 0 00
w 0.10F gt 0o i 0081 8 P g @™
E 0.08 l'looooo % 006} 8° g 004 o
S 006 foo° . = *[M GulAc =3 M GulA
o V| & « [M,Gu]Ac c'0.04r g ™ S'0.02f "[MGulac
© gggg o[TMGI[Lac] | © 0.02} ° [TMG][Lac] “ s [IMG] [Lao]
0 ks o8 e
0 40 80 120 160 200 0 4 8 12 16 20 24 28 32 0 4 8 12
[ 8] /min fit 8] /min i [8]/min
(2)30C (b)50°C (¢)70°C
2 M,Gu Ac TMG Lac Co,
Fig.2 CO, absorption characteristics of M,Gu Ac and TMG Lac under normal pressure
2.2 0.08
0.07F
Co, N, = 0.06f
%005} o IR
o, CO, £ o4t o ER
. N 800) E 0.03F —— 3R
2 2 o002} —— AR
0 €O, © oo} —= ®5K
. M,Gu Ac  TMG Lac ool ® ¢
\70 C 0 2 4 6 8 10 12
i 1] /min
3 o 2 (a) [M,GulAc
M,Gu Ac. TMG TLac 5 0.07
0.06 -
€O, = 005}
M,Gu Ac 5 # 0.04r e
= 003} -
0.072 7.0.071 6.0.072 7.0.072 7 = —o— F21k
o 0.02F —— B3R
0.072 8 mol/mol( CO,/1I)  TMG Lac 5 © 001t —— AR
L g —— 5K Bg
0.055 7.0.058 3.0.057 8.0.057 4 0 &
_0,01 1 1 1 1 1 1 1 1 1
0.057 4 mol/mol( CO, /IL) 0 2 4 6 8 10 12 14 16 18
A [ /min
. (b) [TMG][Lac]
> ° 3 70 °C / Co,
2.3 Fig.3 Repeated CO, absorption/desorption
characteristics of ionic liquids at 70 °C
Co, Co, co, .
° 30 C M,Gu Ac, TMG Lac
2 M,Gu Ac  TMG Lac  30.50. Co, 0.033.0.028 mol/mol
70 C CO, ( 4 ( CO,/IL) Co, 22.3%
Co, o 20.9%; 50 °C M,Gu Ac. TMG Lac
4 2 CO, CO, 0.008.0.014 mol /mol

150



12 CO, 2020 5
0.035 oo © @ 0.014 F Ty e . e 0.012
. . B °
030y a® e o of. 0012} . 0.010F « '
. = A9
2 0.0;5)- NIk Zoo0p 2 ooosf °
P 0.0 r (] th L SN
%OOH_IO'D EO'OOS .;n g W og w8 0 om J%’0.006' ;n””un o =
= B = 0.006F " =
S 0.010F ¢ - MGuAc | S 0004 " sMGuae | ST
“ 0.005F g [H wlas | O 0002 - o [1‘I§LIG][Lac] © 0.002 o [M,Gu]Ac
L & [IRAG] L] : ¢ [TMG][Lac]
1 1 1 1 1 1 1 1 1 0 _‘ 1 1 1 1 1 1 1 1 1 0 L T 1 1 1 1 1
0 10 20 30 40 50 60 70 80 02 4 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12
7] /min i []/min i} [l /min
(a)30°C (b)50°C (¢)70°C
4 M,Gu Ac TMG Lac CO,

Fig.4  Absorption characteristics of M,Gu Ac and TMG  lac for CO,in tail gas of cement rotary kiln under normal pressure
(€O, /IL) Co, 6.7% Co, 30 C
12.8%; 70 °C M,Gu Ac TMG  Lac M,Gu Ac TMG Lac 50.70 C

Co, 0.006  0.011 mol/mol M,Gu Ac T™G Lac o
( CO,/1IL) Co, 8.2%
( References) :
19.6%. 4(a) 2 Co,
TMG Lac 1 . ] 2019.
C02 M4 Gu Ac State Statistical Bureau. China statistical yearbook J . Beijing:
co China Statistics Press 2019.
2 2 . I 2017.
M4Gu Ac COZ ™G Lac o State Statistical Bureau. China statistical yearbook J . Beijing:
50.70 C 2 COZ China Statistics Press 2017.
TMG  Lac 3 J
Co, M,Gu Ac 2019( 6) : 1-4.
T™MG L co GAO Changming. No time to delay for low carbon transformation
ac 2 of cement industry to the world especially China J . Cement
M,Gu Ac 30 € o Guide for New Epoch 2019( 6) : 1-4.
M,Gu Ac TMG  Lac 4 ALI M B SAIDUR R HOSSAIN M S. A review on emission analy—
( ) C02 sis in cement industries J . Renewable and Sustainable Energy
Reviews 2011 15(5) :2252-2261.
0(0)
5 o
5 J.
3 2014 20(5) :9-13.
BU Xupeng. CO, capture technologies and application J . Clean
1) . CO, Coal Technology 2014 20( 5) : 9-13.
6 .CO, D .
2018.
Co, . . 2
CHI Yuan.Study on gas adsorption characteristics in CO, capture
C02 ° and storage abstract D Dalian: Dalian University of
70 C M,Gu Ac TMG Lac Technology 2018.
2 30 C 49.3% 7
41.7%.50 C 60.8% 51.4%. b 2016
2) 5 YU Jingwen. Study on energy requirement for CO, capture with
aqueous ammonia solution D . Beijing: Tsinghua University
M,Gu Ac TMG  Lac Co, 2016
8  JANSEN D GAZZANI M MANZOLINI G et al. Pre-combustion
CO2 ° CO, capture ] . International Journal of Greenhouse Gas Control
3) M,Gu Ac TMG  Lac 2015 40: 167-187.
9 . Co D .
( ) €O, ’
( ) 2015.
C02 ° C02 YANG Nan.Post—combustion capture of CO, using advanced aque—
M4 Gu Ac ™G Lac ; ous ammonia. Beijing: China University of Mining & Technology

151



2020 5

26

0

152

( Beijing) 2015.
STADLER H CHRIST D HABERMEHL M et al. Experimental in—
vestigation of NO, emissions in oxycoal combustion J .Fuel 2011

90: 1604-1611.

2019.
ZHOU Xiaobin. Study on carbon dioxide capture using a novel bi—
phasic solvent D . Xiamen: Huaqiao University 2019.
WANG Y M CHEN Y S. Capture of CO, by highly concentrated
alkanolamine solutions in a rotating packed bed J . Environ—
mental Progress & Sustainable Energy 2019 38( 6) : 115-122.
Co,
] 2003 23(2):
79-83.
FENG Xuwen GUO Xingpeng. Study on the correlation between
CO, absorption mechanisms and corrosion behavior of
alkanolamine solutions J . Journal of Chinese Society for Corro—

sion and Protection 2003 23( 2) : 79-83.

J. 2017 45(11) : 11-13.
WU Bin HUANG Kunrong LIU Zijian. Research progress on car—
bon dioxide capture by chemical absorption ]

Chemical Industry 2017 45( 11) : 11-13.

. Guangzhou

CO,
J. 2008 8( 2) :409-416.

YUAN Xiaoliang ZHANG Yangiang LAN Ling et al. Research

progress in fixation and transformation of CO, using ionic liquids

J . The Chinese Journal of Process Engineering 2008 8( 2) :
409-416.

. CO, I

2018 44( 12) : 151-152.

WANG Bin ZHOU Hancheng GUO Xinfeng. Study on ionic

liquid fixation and conversion of CO, J . Chemical Engineering

20

21

22

23

24

25

Design Communications 2018 44( 12) : 151-152.
MAKINO T KANAKUBO M. CO, absorption property of ionic
liquid and CO, permselectivity for ionic liquid membrane J .
Journal of the Japan Petroleum Institute 2016 59( 4) : 109-117.
HOSPITAL - BENITO D LEMUS J MOYA C et al. Process
analysis overview of ionic liquids on CO, chemical capture J .
Chemical Engineering Journal 2020 390: 124509.
LYU B HUANG Q ZHOU Z et al. Novel biphasic amino—func—
tionalized ionic liquid solvent for CO, capture: Kinetics and re—
generation heat duty J . Environmental Science and Pollution
Research 2020 27:26965-26973.
LIU F SHEN Y SHEN L et al. A novel amino functionalized
ionic liquid/ organic solvent with low viscosity for CO, capture
J . Environmental Science & Technology 2020 54 ( 6):
3520-3529.
WU G LIU Y LIU G et al. The CO, absorption in flue gas
using mixed ionic liquids J . Molecules 2020 25( 5) : 1034.
AKHMETSHINA A T PETUKHOV A N VOROTYNTSEV A V
et al. Absorption behavior of acid gases in protic ionic liquid/al-
kanolamine binary mixtures J . ACS Sustainable Chemistry &
Engineering 2017 5( 4) : 3429-3437.
SHAAHMADI F SHAHRAKI B H FARHADI A. The CO,/
CH, gas mixture solubility in ionic liquids Bmim  Ac
Bmim BF, and their binary mixtures J . Journal of Chem-
ical Thermodynamics 2020 141:105922.
HANDY H SANTOSO A WIDODO A et al. H, S-CO,
separation using room temperature ionic liquid BMIM  Br
J . Separation Science and Technology 2014 49 ( 13):
2079-2084.
JALILI A H SAFAVI M GHOTBi C et al. Solubility of CO,
H,S and their mixture in the ionic liquid 1-Octyl—3-methylimi—
dazolium bis ( trifluoromethyl) sulfonylimide J . Journal of

Physical Chemistry B 2012 116: 2758-2774.



