Available online at www.sciencedirect.com

sc|ENcE@D|REcT® thermOChimica
acta

b

ELSEVIER Thermochimica Acta 441 (2006) 42—44

www.elsevier.com/locate/tca

Solubility of CG, in imidazolium-based tetrafluoroborate ionic liquids

Yuhuan Chef®, Suojiang Zhan§*, Xiaoliang Yuarf?,
Yangiang Zhang P, Xiangping Zhang, Wenbin DaF, Ryohei Mori°
8Research Laboratory of Chemical Engineering Technology, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, PR China

b Graduate School of Chinese Academy of Sciences, Beijing 100039, PR China
¢ SCF Solution Group, Business Incubation Department, Mitsubishi Materials Corporation, 1002-14 Mukohyama, Naka-shi, Ibaraki-ken 311-0102, Japan

Received 9 June 2005; received in revised form 4 November 2005; accepted 14 November 2005

Abstract

The solubility of CQ in imidazolium ionic liquids (ILs), 1-butyl-3-methyl imidazolium tetrafluoroborate ([omim[BF1-hexyl-3-methyl
imidazolium tetrafluoroborate ([hmim][Bf) and 1-octyl-3-methyl imidazolium tetrtafluoroborate (Jomim][BFwas determined at 305-25K
and pressures from 1 to 9 MPa. The influence of chain length of alkyl substituents on the imidazolium cation on the solubiliywaisCO
investigated. The differences in solubility with chain length are in the sequence [omigh}{fmim][BF ] > [bmim][BF,]. The solubility data
were correlated by the extended Henry's law, and enthalpy, Gibbs free energy and entropy changes were obtained.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 325K and pressures from 1 to 9 MPa is presented. The influ-
ence of chain length of alkyl substituents on the imidazolium
lonic liquids (ILs) are organic salts that are liquids at ambientring on the solubility of CQ in ILs was investigated. Henry’s
conditions. Recently, ILs have attracted much attention due ttaw constants and enthalpy, Gibbs free energy and entropy of
their unique propertiefl], e.g. extremely low vapor pressure, solution of CQ in ILs, are discussed and compared with those
non-flammablility, excellent solvent power for organic and inor-reported in the literaturgs,7,8].
ganic compounds, and easily modified strucfes]. CO, is
extremely soluble in ILs, whereas the reverse is not the[€se
Investigation of CQ solubility in ILs can provide fundamental
kr!(_)vyledge for qleveloping r\_"-;actions and separation technologies; Synthesis of ILs
utilizing the unique properties of ILs.

qugn et al. [7] and. Costantini et al_[8] reported the The imidazolium ILs ([bmim][Bk], [hmim][BF4] and
solubility of CO; in [omim][BF4] and [hmim][BF] at tem-  1omim|[BF,]) were synthesized according to the literat{@k
peratures from 293 to 368K and pressures from 0.5 tGrpg gynthesized ILs were dried under vacuum &t@®€or 48 h
86 MPa. Blanchard et gJ3] reported the solubility of C®Iin  potore yse. The water content of ILs after drying was less than
[omim][BF4] at pressures from 0.1 to 9.8 MPa and tempera-ng ppm by Karl—Fisher titration method. Residual chloride in
tures from 313 to 333 K. In this paper, the solubility of £@ 16 s was 0.002 molt? by method in[10]. CO, was pur-

imidazolium ILs, 1-butyl-3-methyl-imidazolium tetrafluorobo- 5564 from Beijing Analytical Instrument Factory with a purity
rate ([bmim][BF]) and 1-hexyl-3-methyl imidazolium tetraflu- of 99.995%.

oroborate ([hmim][Bg]) and 1-octyl-3-methyl imidazolium

tetrtafluoroborate (Jomim][BE]) at temperatures from 305 to
2.2. Solubility measurement

2. Experimental

* Corresponding author. Tel.: +86 10 8262 7080; fax: +86 10 8262 7080. The apparatus used for G@olubility measurement consists
E-mail address: sjzhang@home.ipe.ac.cn (S. Zhang). of a high-pressure stainless steel cell with a volume scale win-
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dow, a gas storage tank, a pressure gauge, a magnetic stirrer anc

a constant temperature water bath. The measurement of solubil- 10

ity was done by a gravimetric method similar to that described in

[11]. An accurate amount of IL was loaded in the high-pressure 0.8

celland degassed for 12 h in the constant temperature water bath.

Then, a fixed mass amount of G@as added to the storage tank. ;_a? 0.6

The equilibrium condition was judged when the pressure was 5

unchanged for about 90 min. After equilibrium was reached, Z 0.4

the amount of C@ in the gas storage tank was measured by

analytical balance with accuracy €f0.001 g and the amount

of CO; in gaseous phase calculated. £fissolved in IL was 0.2

obtained by difference. Temperature was measured by a ther-

mometer with accuracy of better that®.01 K and pressure by 0.0+ — . : . : . : . :

a pressure transducer (FOXBORO/ICT Model 93) with accu- 3.1 32 3.3 B 35

racy of£0.025 MPa. The estimated uncertainty of the solubility 1000K/T

is +0.8%. Fig. 1. Effect of temperature on Henry's constant on molalilty scale fos CO
in ILs (M); [bmim][BF4] in this work (@); [hmim][BF4] in this work (a);

3. Modelling [omim][BF 4] in this work (00); [omim][BF,] in literature [30] (O); [bmim][BF]

in literature[15] (-); regression of this work (- - -); regression of literature work.

Due to the negligible vapor pressure of [1354], the gaseous
phase is assumed to be pure £@pplying the vapor—liquid The thermodynamic properties of the system are related to the
equilibrium condition to CQ results in the extended Henry's Henry's constant as Eq&)—(7).
laws equation:

3 In(Kn(T, P)/P")

Vo, P AsolH = R 5
Kn,co,(T) eXP(?;) aco,(T, mco,) = feoo(T, P) (1) s a(1/7) R ©)
whereK co,(T) is the Henry's law constant at the vapor pres- A G = RT In(Kn(T, P)/P°) (6)
sure of the solvent () and VEo, is the partial molar volume
of the gas at infinite dilution. AcrS — AsolH — AsolG )

aco,(T, mco,) is the activity of CQ in the liquid: sol> = T
mco,

aco, =~ o ¥co, (2) 4. Results and discussions

wherem =1molkg?! and ¥&o, is the activity coefficient of The solubility of CQ in [bmim][BF4], [hmim][BF4] and
CQe. , o [omim][BF4] was measured at 322.15, 317.45, 312.45 and
The fugacity of CQ at the equilibrium temperature and pres- 307 55 K and pressures from 1 to 9 MPa. The solubility 0bCO
sure, fco,(7; P), is calculated from: in all the studied ILs decreases with increasing temperature and
feoy(T, P) = Ppcoy(T, P) (3)  Increases with increasing pressure, Wh|ch is _S|m|Iar to that in
common organic solvents. With increasing chain length of alkyl
whereg is fugacity coefficient, which can be obtained by use ofsubstituents on the imidazolium ring, the solubility increases,

SRK EOS[12]. but the differences are small.
The Henry’s law constant of C{ran be calculated fromthe  The Henry’'s law constants at different temperatures are
VLE data according to Eq4). shown inTable 1. Henry's law constants increase with increas-
- foou(T, P) ing temperature. At a given temperature, the Henry's con-
Ku.co,(T)= lim [} (4) stant follows the sequence of [bmim][BF [hmim][BF4]>
P—P$=0 | mco,/m

[omim][BF4].

Table 1

Henry’s law constants of C£n [bmim][BF4],[hmim][BF4] and [omim][BF]

[bmim][BF4] [hmim][BF4] [omim][BF4]

T (K) Kn (MPa) S.D?2 T (K) Kn (MPa) S.D? T (K) Ku (MPa) S.D?
322.15 2.35 0.033 322.15 219 0.035 322.15 2.06 0.024
317.45 211 0.023 317.45 2.01 0.033 317.45 1.85 0.019
312.45 191 0.014 312.45 1.75 0.032 312.45 1.69 0.026
307.55 171 0.014 307.55 1.59 0.018 307.55 1.50 0.012

@ Standard deviation.
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