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Today, environm ental issues such as clim ate change and global w arm ing 
have been extensively  burgeoning as global concerns due to em issions o f  green 
house gases (G H G s), especially  carbon dioxide (C O 2), m ainly  from  fossil fuel-based 
pow er generation. A nother significant source o f  CO 2 is derived from  produced 
natural gas found at the w ellhead, w hich needs to be treated in gas sw eetening plants 
to m eet the heating  value specification requirem ent and prevent the process 
equipm ent and pipelines from  corrosion (M ortazavi-M anesh e t  a l ,  2011). M oreover, 
m any researchers have been focusing on the utilization  o f  captured  C O 2 in enhanced 
oil recovery (EO R), driving an interest in the developm ent o f  technologies for 
efficient capture and sequestration o f  large quantities o f  C O 2. C urrently, com m ercial 
C O 2 capture processes use aqueous am ine solutions such as m onoethanolam ine 
(M EA ), d iethanolam ine (D EA), and m ethyldiethanolam ine (M D EA ). These am ine 
solutions are regarded as the m ost feasible option due to high C O 2 reactivity, low  
cost o f  solvents and high CO 2 absorption capacity. H ow ever, C O 2 absorption by the 
am ines presents som e draw backs such as high energy consum ption during 
regeneration, corrosiveness and vaporization losses (M a'm un e t  a l ,  2005). As a 
consequence, this left the door opened for research to find a m ore environm entally  
benign and energy-efficient C O 2 capture technology. A m ong the em erging 
technologies for C O 2 capture, ionic liquids have been w idely  considered, in recent 
years, as prom ising attractive candidates.

Ionic liquids are a class o f  organic salts that rem ains liquid at or near room  
tem perature. In general, the structure o f  ionic liquids consists o f  a bulky asym m etric 
organic cation and either an inorganic or organic anion, m aking them  solvents w ith 
low  m elting points (M arsh e t  a l ,  2004; Laus e t  a l ,  2005; K eskin e t  a l ,  2007). 
U nlike conventional solvents, ionic liquids m anifest a num ber o f  advantages 
determ ined by their unique physicochem ical properties, such as neglig ible vapor 
pressure, h igh therm al stability, strong solubility  capacity  o f  C O 2 and tunability  o f  
structure and property. O w ing to the negligibly  low  vapor pressure, ionic liquids as a 
m ore environm entally  benign solvent have been suggested as a green alternative to
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volatile organic com pounds (V O C s) (Shin and Lee, 2008). A  potential application o f 
such organic salts is for gas separation processes including C O 2 capture. The non
volatile feature o f  ionic liquids w ould not cause any problem  w ith  respect to the 
contam ination  o f  the solvent to a gas stream , leading to a huge preference over other 
conventional solvents. C om pared to the com m ercial am ine processes, less solvent 
losses and low er energy consum ption in the C O 2 absorption  and regeneration  process 
dealing w ith  ionic liquids could be observed (W appel e t  a l . , 2010; Zhang e t  a l . ,

2012). It has been recently  reported that C O 2 capture w ith  1-butyl-3 - 
m ethylim idazolium  acetate ([bm im ][A c]) could reduce the energy losses by 16%, 
the investm ent by 11% and the equipm ent size by 12% (Shiflett e t  a l ,  2010).

In order to select potential ionic liquids as absorption  solvents for CO 2 

capture, it is essential to know  the solubility  o f  the gas in the ionic liquid phase. 
M any research  studies have been published on the solubility  o f  gases in various ionic 
liquids. In literature, the m ost often found C O 2 solubility  data are based  on different 
im idazolium -based ionic liquids, especially  l-buty l-3-m ethylim idazolium  
hexafluorophosphate ([bm im ][PF6]) (B lanchard e t  a l ,  2001; A nthony e t  a l ,  2002; 
C am per e t  a l ,  2004; C adena e t  a l ,  2004; Aki e t  a l ,  2004; C am per e t  a l ,  2005; Kim 
e t  a l ,  2005; A nthony e t  a l ,  2005; Shiflett and Y okozeki, 2005; Zhang e t  a l ,  2005; 
Jacquem in e t  a l ,  2006a; K um elan e t  a l . ,  2006b), and l-buty l-3-m ethylim idazolium  
tetrafluoroborate ([bm im ][B F4]) (B lanchard e t  a l ,  2001; H usson-B org  e t  a l ,  2003; 
C am per e t  a l . ,  2004; C adena e t  a l . ,  2004; A ki e t  a l . ,  2004; C am per e t  a l ,  2005; 
A nthony e t  a l ,  2005; Shiflett and Y okozeki, 2005; Jacquem in e t  a l . ,  2006a; C hen e t  

a l . ,  2006). H ow ever, reports on the solubility  o f  C O 2 in ionic liquids containing other 
cations, such as am m onium  (A nthony e t  a l ,  2005; Jacquem in  e t  a l ,  2007; M uldoon 
e t  a l ,  2007; Y uan e t  a l . ,  2007; K ilaru e t  a l . ,  2008; K urnia e t  a l . ,  2009; M attedi e t  a l . ,  

2011; M anie e t  a l . ,  2012) and sulfonium  (B lath  e t  a l . ,  2011), have rarely  been 
published. In this study, five conventional ionic liquids w ere selected  based on the 
principle o f  their physical properties (i.e., liquid phase and low  viscosity) and 
chem ical structures consisting  o f  potentially  high-CCb affin ity  ions. A lso, cost 
effectiveness is another im portant factor to be considered. Pertaining to the necessity 
o f  phase behavior studies, experim ental gas solubility  data for ionic liquids are, in 
general, available in a narrow  region o f  therm odynam ic variables including
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tem perature, pressure and com position. A ppropriate therm odynam ic m odels are 
essentially  required  to understand and predict the phase behavior o f  such system s.

In this research, the solubilities o f  C O 2 in five conventional ionic liquids: 
triethylsulfonium  bis(trifluorom ethylsulfonyl)im ide (.[ร???] [T E N ]), d iethylm ethyl(2- 
m ethoxyethyl)am m onium  bis(trifluorom ethylsulfonyl)im ide ([dem e][T f2N ]), 1-
propyl-3-m ethylim idazolium  bis(trifluorom ethylsulfonyl)im ide ([pm im ][T f2N ]), 1- 
a lly l-3-m ethylim idazolium  bis(trifluorom ethylsulfonyl)im ide ([am im ][T f2N ]), and 1- 
butyl-4-m ethylpyrid in ium  tetrafluoroborate ([4m bp][B F4]) w ere m easured using a 
gravim etric m icrobalance (IG A -003). The solubility  m easurem ent o f  this apparatus 
w as based on the principle o f  w eighing a sam ple bucket contain ing an ionic liquid 
before and after loading C 0 2 at a fixed tem perature and different pressures. O ur 
experim ental C 0 2 solubility data in the investigated ionic liquids w ere com pared to 
o ther ionic liquids published in literature. The experim ental data for the binary 
system s o f  ionic liquid + C 0 2 w ere correlated using theoretical cubic equations o f  
state such as the standard Peng-R obinson (PR -EoS), the standard R edlich-K w ong- 
Soave (SR K -E oS) and the SRK -EoS w ith  quadratic m ixing rules as well as the N on- 
R andom  T w o-L iquid  (N R TL) activity coefficient m odel (A spenP lus sim ulator). The 
adjustable binary  interaction param eters, the H enry’s law  constants and the 
enthalpies and entropies o f  absorption for the studied ionic liquid + C 0 2 system s 
w ere reported.
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