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Introduction [

 Using ILs & water as a solvent

— |Ls have high selectivity and diffusion coefficients
as extraction solvents

— Extraction of hydrophilic solute from ILs

— Cross — contamination
 Recovery of ILs from water
 Change of physical properties of ILs

— Requirement of phase behavior of ILs—water



Introduction [

« Recovery of biofuels
— Distillation
— highly energy consumption process

— Existing organic solvent (tri-n-butyl phosphate, octan-1-ol etc.)
— flammable, toxic and hazardous

- Using ILs (ILs + water)
—— Mutual solubility affects the selectivity of BuOH.
— Lower solubility of ILs in water make the large
selectivity



Introduction [

o Extraction of metal ion by crown ether

— Efficiency depends on both the cation and the
anion.

— Difficulty of transporting inorganic anion to
organic solvent

— |ILs have high solubility with crown ether and
the distribution coefficient

 Hydrophilic products using ILsS as a solvent

— lonic liquid as a catalyst or solvent
 Good selectivity and yield

— Friedel-craft, Diels—Alder, alkylation reaction etc.



General properties of mixture ILs and water

« Miscible or immiscible
— [bmim][BF,] is miscible with water at room T
but show UCST at low temperature(-8 and 5C)
— “hydrophobic” ILs — immiscibility
— The mutual solubility can be quite large

« Effect alkyl chain length and anion

— Halide, ethanoate, nitrate and trifluoroacetate salts
« totally miscible with water

~ [PF,], [(CF,S0,),N] salts

* |mmiscible
— Large chain length — Decrease solubility



ILs-vapor system L[]

 1-butyl-3-methylimidazolium hexafluorophosphate [bmim][PF]

 1-octyl-3—methylimidazolium hexafluorophosphate [Cgmim][PF]

 1-octyl-8—methylimidazolium tetrafluoroborate [Cgmim][BF,]



ILs-vapor system L[]

Solubility of Water Vapor in lonic Liquids —
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ILs-vapor system L[]
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ILs-vapor system [J

4 Factor to influence the solubility of waterp
e Anion ( [c8mim][PF6]. [C8mim][BF4] )

— Van der Waals volume [PF4] : 68A3 [BF,] : 48 A8
— High charge density for smaller anion
> |arge solubility of water
* [emperature
— Lower temperature Higher solubility

* Alkyl chain

— |Increasing the length of alkyl chain length decrease the
solubility of water

 Chloride impurities



ILs-vapor system L[]

4 Factor to influence solubility »
« Water — Water interaction
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ILs —vapor L[]

« Henry’'s constant & Infinite—Dilution Activity
Coefficients
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Organic solvents - water vapor

TABLE 1: Henry's Law Constants, H,, and Infinite Dilution Activity CoefTicients, y~, for Water in [Cymim|[BFy], [bmim||PF
and [Cymim|[PF,] (the error in 3~ Is Consistent with that Given for H,)

(Comim)(BF ) [benim)[PF.) [Comim)(PFy]
T(°C) P (bar) H, (bar) y H (bar) v H, (bar) v
10 0.012 00330014 2.65 0.09 £0.02 6.94 011 £003 8.62
25 0.031 0.055 £ 0.006 1.76 0.17£0.02 536 0204003 6.51
35 0.055 0118+ 0014 213 025 +0.04 445 0.30 £ 002 587
S0 0.122 045 £0.05 3173

TABLE 2: Litersture Values for Henry's Law Constants, H,, and Infinite Dilution Activity Coefficients, y~, for Water in
Various Organic Solvents

Methanol™* Ethanal™ 2.Propanocl” Acetone’!

TrC P (bar) H, (bar) ¥ Hi (bar) Yy H (bar) ¥ H, (bar) Yy

1] 0012

15 0o17 0.10 558

25 003] 419 010 i3

15 0055 ; I 64 0.34 618

a5 0096 017 L7 (.34 %4 0.54 563

S 0122 0.40 328

55 0.157 027 L.n 0.53 138 0.83 529

Benzene Carbon Tetrachlonde™ Cyclokexane™

T(C) P (bar) H, (bar) - #, (bar) Y H, (bar) v

10 0012 6 V S00 25 2083 78 6500

15 om? o

25 0.031 Z 1o kP 7 1194 97 3129

35 0053 r 236 44 E36 105 1909

a5 0.056 '

50 0122

33 0.157



ILs-Liquid [

TABLE 5: Liquid-Liquid Equilibrium Results for Water
with |[Cgmim]|BF4), [bmim][PFg], or [Csgmim]{PFg] at

Ambient Conditions

[L in aqueous phase

water in [L phase

ionic liquid wt. % mol fraction

wt. % mol fraction

[Csmim][PFs] 0.7 £0.1 3.50 x 10~*
{bmim][PFs] 2.0+03 129 x 1073
[Csmim][BFs] 1.8+05 1.17 x 1073

2302 0.26

1.3+£05 J 0.20
10,8 £ 0.5 0.63

TABLE 7: Liquid-Liquid Equilibrium Results for Water
and [bmim][PF¢] at Various Temperatures

IL in agueous phase water in 1L phase

T¢°O) wt. % mol fraction - wt. % mol fraction
25 2003 1.29 % 1073 2.34+£0.2 0.26
35 22402 1.40 x 1073 2.7 %03 0.30

50 27+13 1.74 x 1073

4003 0.40



ILs-Liquid O

4 Factor to influence solubility »

 Shorter alkyl chain, smaller anion
» |arge solubility

« Temperature
»At high temperature, mutual solubility is large



LLE of Water — organic compounds

TABLE 6: Liquid-Liquid Equilibrium Results for Water and Various Organics at Ambieat Conditions

org. in aqueous phase waler in org, phase

organic w % mol fraction wi. % mol fraction
Benzene 0.176" 19x 107 0.066" 220 % 107!
Toluene 0.052" 1.0x 10 0.045% 280 x 107
Carbon Tetrachlonide 0.08" 94x 10 0.010% 8.60 x 107
Cyclohexane 0.006” 13«10 0.007% 30 x10
n-Butano!™ 13 19« 107! 2] 05l
Cyclohexanol™ n T1x 107 121 04}
n-Pentanol™ |92 18107 9.0 034
n-Hexanol* 0.56 1.0% 107 6.7 029
a-Octanol™ 0.051 70 x 10 15 021
n-Decanol* 37x 107 210" 40 027
n-Dodecanol 23 % 10 Lix 107 |4 0.1}



Recovery IL from water

 Adsorption of IL from Agueous phase
— For removal of lonic liquids in Aqueous phase
— Using Activated carbon

TABLE 8: Percent of [bmim]}[PF¢] Remaining in Water
Using Activated Carbon (X 3%)

mass of AC/ [bmim]{PF¢] 2 day
initial mass of 2 day eq. time eq. time 2 week
contaminant UV—vis ICP—OES eq.time Toluene?’
0.060 254
0.061 289
0.076 33.1
0.078 20.9
0.182 ' 18.2
0.294 29
1.31 82 80
2.17
3.37 56 46
4.29
5.31 21 15
5.75 6
"7.21 2

999




ILs is available for extracting solvents

Mutual solubility with water is affected by
species of ILs and their substances

Relatively high solubilities of ionic liquids In
water induce another environmental problem

Removal of ILs will be especially important



