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ABSTRACT

5673036063;  Petroleum Technology Program
Worawit Peng-noo: Design and Use of lonic Liquids in
Separation Processes for Azeotropic Mixtures
Thesis Advisors: Dr. Uthaiporn Suriyapraphadilok, and
Prof. Rafiqul Gani 432 pp.
Keywords:  Separation / Azeotrope / lonic liquids / Extractive distillation

Separation of azeotrope and close-boiling mixtures is a challenge in several
industries. lonic liquids (ILs) have been recently determined as alternative entrainers
in the extractive distillation (ED) owing to the flexibility in their tailor-made
molecular structures and properties for a specific work. A systematic methodology of
selection and design of the best IL-based separation process was developed to
investigate the viability of the azeotropic separation process using ILs through five
different mixtures as case studies including the mixtures of ethanol + water, ethanol
+ hexane, benzene + hexane, toluene + methylcyclohexane (MCH), and ethyl-
benzene (EB) + p-xylene (PX). The Hildebrand solubility Group Contribution
parameter along with the capacity and selectivity of ILs are the key parameters for
selecting the suitable ILs as entrainers. All first four azeotropic mixtures were
successfully demonstrated and four best ILs were identified, i.e. [MMIM][DMP]
from ethanol + water, [EMIM][BTI] from ethanol + hexane mixture,
[EMIM][EtS04] from benzene + hexane mixture, and [HMIM][TCB] from toluene +
methylcyclohexane (MCH) mixture. However, the proposed screening criteria cannot
effectively demonstrate the isomer mixture, ie. EB + PX mixture, due to the
similarity of these isomers causing no differences in the calculated Hildebrand
solubility parameter, selectivity and capacity. A simulation process of ILS was
carried out successfully, which a minimum energy requirement and a solvent usage
were determined and compared with the conventional solvent process. In order to get
a supported decision-making in an investment, economic evaluation was determined
and compared between the IL and conventional solvent processes.
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FIGURE
438 VLE graph of [EMIM][DCA] in water + ethanol mixture.
439 VLEgraph of [EMIM][EtSO04] in ethanol + hexane mixture.
440 VLEgraph of [BMIM][BTI] in ethanol + hexane mixture.
441  VLEgraph of [EMIM][BTI] in benzene + hexane mixture.
4.42  VLE graph of [BMIM][BTI] in benzene + hexane mixture,
4.43 VLE graph of [HMIM][TCB] intoluene + MCH mixture.
4.44  VLE graph of [HMIM][BTI] in toluene + MCH mixture.
4.45 VLE comparison graph for separation capability of ILs
in water + ethanol mixture.
4.46  VLE comparison graph for separation capability of ILS
in ethanol + hexane mixture.
447  VLE comparison graph for separation capability of ILs
in benzene + hexane mixture.
4.48 VLE comparison graph for separation capability of ILs
in toluene + MCH mixture.
4.49  CS process flowsheet in water + ethanol mixture using EG.
450 IL process flowsheet in water + ethanol mixture using
[MMIM][DMP],
451 1L process flowsheet in water + ethanol mixture
using [EMIM][DCA],
452 IL process flowsheet in water + ethanol mixture
using [EMIM][EtS04],
453  Summarized results of energy requirement
in water + ethanol mixture.
4.54  Summarized results of solvent rate
in water + ethanol mixture.
455  CS process flowsheet in ethanol + hexane mixture
using sulfolane.
456 IL process flowsheet in ethanol + hexane mixture

using [EMIM][BTI],

XXIV

PAGE
142
143
143
144
144
145
145
147
148

148

149
152

153

153

154

155

155

157

158



FIGURE

4.57 IL process flowsheet in ethanol + hexane mixture
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FIGURE

G5  CS process flowsheet using sulfolane
in ethanol + hexane mixture.

Ge  IL process flowsheet using [EMIM][BTI]
in ethanol + hexane mixture.

G7 L process flowsheet using [BMIM][BTI]
in ethanol + hexane mixture.

Gs  CS process flowsheet using NMP
in benzene + hexane mixture.

G9 L process flowsheet using [EMIM][EtS04]
in benzene + hexane mixture.

G10 IL process flowsheet using [BMIM][BTI]
in benzene + hexane mixture.307

Gil  CS process flowsheet using NMP
in toluene + MCH mixture.

G12  CS process flowsheet using [HMIM][TCB]
in toluene + MCH mixture.316

G13 IL process flowsheet using [HMIM][BTI]
intoluene + MCH mixture.321

1 Hildebrand solubility parameters of ILs (x-axis) vs
Capacity (C*) of ILs (primary y-axis) and Selectivity (. '1)
of ILs (secondary y-axis) of the ethanol + heptane mixture.
Heptane is the target solute.

12 Hildebrand solubility parameters of ILs (x-axis) vs
Capacity (C|°) of ILs (primary y-axis) and Selectivity ( .*)
of ILs (secondary y-axis) of the ethanol + heptane mixture.
Ethanol is the target solute.

13 Graph between vapor pressure and temperature with various
temperature of ethanol + heptane mixture.

14 Graph between heat of vaporization and temperature

with various temperature of ethanol + heptane mixture.
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FIGURE

15 VLE graph of ethanol + heptane mixture,

16 VLE graph of [EMIM][BTI] in ethanol + heptane mixture.

17 VLE graph of [BMIM][BTI] in ethanol + heptane mixture.

J1  Hildebrand solubility parameters of ILs (x-axis) vs
Capacity (( ™) of ILs (primary y-axis) and Selectivity (5%)
of ILs (secondary y-axis) of the water + ethanol mixture.
Water is the target solute.

J2 VLE comparison graph for separation capability of ILs
in water + ethanol mixture.

J3  Hildebrand solubility parameters of ILs (x-axis) vs
Capacity (( ™) of ILs (primary y-axis) and Selectivity ( ")
of ILs (secondary y-axis) of the benzene + hexane mixture.
Benzene is the target solute.

J4 VLE comparison graph for separation capability of ILs
in benzene + hexane mixture,

J5 IL process flowsheet in benzene + hexane mixture
using [EMPY][TOS],

Jo Hildebrand solubility parameters of ILs (x-axis) vs
Capacity (( ") of ILs (primary y-axis) and Selectivity (£7)
of ILs (secondary y-axis) of the ethanol + hexane mixture.
Ethanol is the target solute.

J7 Hildebrand solubility parameters of ILs (x-axis) vs
Capacity (( 10) of ILs (primary y-axis) and Selectivity (£1)
of ILs (secondary y-axis) of the toluene + MCH mixture.
Toluene is the target solute.

Js Hildebrand solubility parameters of ILs (x-axis) vs

Capacity (( ™) of ILs (primary y-axis) and Selectivity (£1)
of ILs (secondary y-axis) of the EB + PX mixture.
EB is the target solute.
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ABBREVIATIONS

Nomenclature of the lonic Liquids

Cations

[MMIM]+ 1-Methyl-3-Methylimidazolium
[EMIM]+ 1-Ethyl-3-Methylimidazolium
[EM2IM]+ |,2-Dimethyl-3-Methylimidazolium
[PMIM]+ 1-Propyl-3-Methylimidazolium
[BMIM]+ 1-Butyl-3-Methylimidazolium
[HMIM]+ I-Hexyl-3-Methylimidazolium
[OMIM]+ 1-Methyl-3-Octylimidazolium
[DMIM]+ 1-Decyl-3-Methylimidazolium
[PDMIM]+ 1-Propyl-2,3-Dimethylimidazolium
[16MIM]+ |-Hexadecyl-3-Methylimidazolium
[OHDMIM]+ |-(2-Hydroxyethyl)-3-Methylimidazolium
[COH130CH2M IM]+ I-Hexyloxymethyl-3-Methylimidazolium
[(C6H130CH2)2IM ]+ 1,3-Dihexyloxymethylimidazolium
[EMPY]+ I-Ethyl-3-methylpyridinium
[BMPY]+ 1-Butyl-3-methylpyridinium
[EMPYR]+ 1-Ethyl-1-methylpyrrolidinium
[BMPYR]+ 1-Butyl-1-methylpyrrolidinium
[PMPIP]+ 1-Propyl-1-Methylpiperidinium
[PeMPIP]+ 1-Pentyl-1-Methylpiperidinium
[HMPIP]+ 1-Hexyl-1-Methylpiperidinium
[3C6CL14P]+ Trihexyltetradecylphosphonium
[3BMP]+ TributylmethyIphosphonium
[P1444]+ Triisobutylmethy Iphosphonium
[E3S]+ Triethylsulphonium

[OMA]+ Trioctylmethylammonium

[TMHA]+ Trimethylhexylammonium



Anions

[Brf

[Cir

[PF6]*

[BF4]

[CFsS03* or [OT]
[NTf2]* or [BTI]~

[PF3(C2F5)3- or [FAP]"

[Ac]-

[CFsCO02]“or [TFAT
[N03-

[TOS]"

[SCN]”
[N(CN)2]"or [DCA]"
[TCAM]"
[B(CN)4]" or [TCB]
[BOB]”

[EtS04]”

[MeS04]”

[0cS04]”
[Me(Et0)2S04]"

or [MDEGS04]”
[HS04]'

[MeS03]"

[ToS03)”

[MeP03)”

[DMP]~

XXXIV

Bromide

Chloride

Hexafluorophosphate
Tetrafluoroborate
Trifluoromethanesulfonate
Bis(trifluoromethylsulfonyl)imide
Tris(pentafluoroethyl)trifluorophosphate
Acetate

Trifluoroacetate

Nitrate

Tosylate

Thiocyanate

Dicyanamide

Tricyanomethanide
Tetracyanoborate
Bis[oxalato(2-)]-borate

Ethylsulfate

Methylsulfate

Octylsulfate

Diethylenglycol monomethyl ether sulfate
or2-(2-methoxyethoxy)ethylsulfate
Hydrogensulfate

Methanesulfonate
P-Toluenesulfonate
Methylphosphonate
Dimethylphosphate
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LIST OF SYMBOLS

ci = cohesive energy density

Ci = contribution of group i

gij = energy parameter characteristic of the i-j interaction

gij = energy parameter characteristic of the i-j interaction
Agij = Dbinary interaction parameter between component i and |
Ahvap = enthalpy of vaporization

K, =K-factor for component 1

K. = K-factor for component 2

M =the molecular mass

ni =thenumberofgroupsoftypei

ni =the number oftimes that a group appears in the molecule
N =number of stages

Np = feed stage location

Pk = vapor pressures of component

s = vapor pressures of component 2

R =gas constant

T =absolute temperature

To  =normal boiling temperature

Tc = critical temperature

vi — =molarvolume of component i

V, =volume/mole fraction of component |
Ve = critical volume

xi ~ =mole fraction for component « in the liquid phase
x2  =mole fraction for component 2 in the liquid phase
yi = mole fraction for component 1 in the vapor phase

=mole fraction for component 2 in the vapor phase

yi



Greek Symbols

a12 = separation factor or relative volatility

aj = non-randomness parameter in the NRTL equation

Yi = activity coefficient of component 1

Y. - activity coefficient of component 2

Yp =caombination part of the activity coefficient of component
yP  =residual part of the activity coefficient of component i

= solubility parameter of component i

® = acentric factor
P = liquid densities of the ionic liquids
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