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ABSTRACT

lonic liquids are considered as green solventsyTre useful in many aspects. Thermodyanmic dateeguired
for proper simulation of the processes. Predicbbmroperties using Cubic Equations of State (CEQ@X)n attractive
option as it requires only pure component dataicldiquids have very low vapor pressure and herstamating vapor
pressure is very challenging. Zero pressure fugagpproach was used in the present work. For teit ibquids vapor
pressure predictions were carried out using Patg-€quation of state. This CEOS was used wittd#fgrent cohesion
factor models. Optimized parameters were genefateall the IL's for six cohesion factors and areyided in the paper.
Generalization was also done using acentric feantormass connectivity index for all the models sredcomparison was

done. It was found that exponential form of cohegaxtor gave the highest accuracy for generalimedel.
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INTRODUCTION

lonic liquids (ILs) are referred to as room-tengiare molten salts. They can replace organic stdyeaduce the
chemical wastage and improve the safety of proseasd products (Barcelo 2011), due to their aftragiroperties like,
negligible volatility, good thermal and chemicadlsitity, high ionic conductivity (Roshaet. al, 2003). lonic liquids are
useful in number of different applications like,ahestorage media, electrochemical applicationsaminy synthesis,
absorption of gases, reaction solvents and margr&tiVapor pressure is important for many reassosie of them are
listed below (Rebleet. al, 2005),

* Important in several applications of ionic liquide Potential solvents,
» For understanding of phase transition
e For the development of models for other thermodyingroperties

Experimental vapor pressure data for ionic liguads very less. Thus, the development of modeledorelating
and predicting the vapor pressure of ionic liguids been slow. Recently Valderrama et.al, 2012qs®gh an analytical
expression for vapor pressure prediction of ioijaitls based on PR (Peng and Robnison, 1976) equatistate using
low pressure fugacity. In present study same cdrisegsed for prediction of vapor pressure usintePBeja (PT) (Patel
and Teja, 1982) Equations of state. Six cohesiotofa available in the literature were comparedpi@diction of vapour

pressure using PT EOS.
DATABASE & MODELLING

Experimental vapor pressure data for ten (10)itiquids belonging to two different families werensidered for
the study. The details are given in Table 1. Terupee, pressure and experimental vapor pressuaerdagies are shown

in Table 2. Critical properties for all the ILs weralculated by the model proposed by Valderramal, 2008.
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Table 1: Details of Vapor Pressure Data Used

Sr.No e Ll_qwd NO'. of_lonlc Data Points | Reference
Family Liquids
1 [NTf2] 9 128 7
2 [dca] 1 5 8

Table 2: Range of Temperature, and Experimental Vapr Pressure
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Parameter Minimum Maximum
Temperature (K) | 445.30 538.2
Pressure (bar) 0.69x10 | 9.27x10°

Vapour pressure prediction using CEOS requiresagpgy cohesion factor expression. In present stsigy
cohesion functions were studied. The model equsitigrall the cohesion factors are presented iné 8bMapor pressure
data were fitted to obtain the values of compoupecHic parameters for all cohesion functions. Bwoe purpose of
optimizing parameters of cohesion functions tencidiquids, 9 from [NTf2] and 1 from [dca] family eve used. An
algorithm for optimizing cohesion factor paramedgrfsing low pressure fugacity approach is showhrign 1. Optimized
parameters for the six cohesion factors are listethble 4. These parameters were generalized) asientric factor and
mass connectivity index. Generalization of singdegmeter models and SV model were done by minimitie sum of
the square of the difference of optimized paranseserd calculated parameters. For Hyene-2 and Glehpsiturbation
approach suggested by Figuestaal. 2007 was adopted. Generalized expressions ara givEable 5 for all the models.

For Hyene-2 and GL models one needs to solve theeiyressions to get the values of m and n parasnete
RESULTS AND DISCUSSIONS

In present study vapor pressures were estimatéccampared in terms of %AAD using low pressure titya

approach. %AAD is defined follows,

t
pSa EX

_ P
PsatExp))/N

9%AAD = (100 * Abs (PsatCal 1)

The %AAD values for optimized and generalised pwi@rs are listed in Table 6. SV model was founte

better compared to all.

Table 3: Six Cohesion Functions Used in the PreseStudy

Cohesion Function Model Equation Reference
2
T
Soave a(T) =|14+m|1- \/Ti 10
C
. T
Joshipura a(T) = exp [m1 {1 - T_}] 11
CT o
Heyen-2 a(T) = exp [mz {1 — (T—> }l 4
C
sv a(T) = {1+ [m+n(1 +T) 0.7 - (1 -y}’ 12
GL WM =1+m(T, - D +n(/T,— 1) 12
) 1
Polishuk a(T) = 1+ m(1.7 1) 13
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Table 4: Optimized Parameters for Six Cohesion Faots
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1 [C2CLim][NtF2] | 1.3902] 1.3798| 1.0238 1.8913 1.919140'041 30'943 1.4502 | 0.7488
2 | [C3C1im][NtF2] | 1.33900 1.3375| 1.0183 1.75B5 1.7&3@8'563 26'835 0.9652 | 0.7344
3 | [CAC1lim][NtF2] | 1.3053] 1.3104| 1.0581 1.52f7 1.64%96'483 1 4'805 -0.8865| 0.7257
4 | [C5C1im][NtF2] | 1.2652 1.2775| 1.16747 1.1741 1'4"46)3-397 00'541 -3.0660| 0.7136

5 | [C6CLim][NtF2] | 1.2277 1.2468| 1.1975 1.07B0 1'3”632-335 0.3040| -3.5360 0.7022
6 | [C7C1lim][NtF2] | 1.2015 1.2250| 1.2405 0.9787 1.21.%90'178 1.3589| -5.1538 0.6938
7 | [C8C1im]|[NtF2] | 1.1843] 1.2105| 1.2457 0.95p1 1.2(3@0'355 1.2340| -4.9030 0.6882
8 | [C10C1lim][NtF2]| 1.1597  1.1910| 1.5723 0.6493 1D110.2728| 2.6243 -7.0578 0.6808
9 | [C12C1lim][NtF2]| 1.0845  1.1276| 1.5197 0.6279 0B®(0D.3160| 2.9254 -7.3108 0.6558
10 | [bmim][dca] 15101  1.4675| 2.6698 0.44D9 1.22156791| 6.6173 , , éoss 0.7928

However, all the models fitted the data with lekan 5% AAD. For generalized models however, single

parameter models were better. Joshimiral, 2010 was showing the least deviation.

Soave

Table 5: Generalized Cohesion Factors Expressions

m = 0.639A* — 0.5781% — 0.08540 + 0.4160

Joshipura| m = 0.0556\* — 0.4871% + 0.12030 + 2.1749

Heyen-2

14 mn = 0.42351% — 2.67341 — 2.001w + 7.3275
mn(n — (1 +mn)) = —0.12392 + 1.16931 — 0.2155w — 3.8984

SV

m = 0.33384% — 2.18921 — 1.8460w + 5.6364
n = —0.68922% + 4.01031 + 3.7304w — 7.4507

GL

1- mn/z = 0.49421* — 3.10571 — 3.4818w + 8.7115
n/4 =0.0210A% — 0.24491 — 6.5158w + 2.2388

Polishuk

m = 0.0160%* — 0.1598) — 0.01460 + 1.0410

Table 6: %AAD for Generalized and Optimized Cohesia Factors

1 Soave 11.0755 4.1784
2 Joshipura 10.7851 3.8767
3 Heyen-2 12.3596 0.9592
4 SV 21.6180 0.7538
5 GL 25.8195 0.7804
6 Polyshuk 11.1882 4.4805
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CONCLUSIONS

Low pressure fugacity approach was applied toiptélde vapor pressures of ten ionic liquids. Hffetccohesion
factor was observed during the study. It was fotirad most of the mathematical form of cohesiondagtorks well for
compound specific models but the exponential falosKipuraet. al, 2010) and two parameter polynonfakorks better
for generalized ones. However, Joshipetaal, 2010 type functions can be considered as supasidhe model uses only
single adjustable parameters. This will be usefukmvpredicting properties of the mixtures. It a#s observed that PR
EOS is predicting vapor pressure accurately conapr®T EOS. The study was limited to vapor pressmd that too for
a limited number of compounds. The future work witihcentrate on predicting other properties usiagous cohesion

factor models and comparing them.

NOMENCLATURE
P Pressure
T Temperature

EOS Equation of state
PR Peng-Robinson

PT Patel-Teja

Greek Symbols

® acentric factor

oV vapour phase fugacity coefficient
o liquid phase fugacity coefficient
f vapour phase fugacity

f- liquid phase fugacity
Subscripts

r Reduced

sat Saturated

c Critical
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