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Section S1. Complementary information for Process simulation 

Process simulation in the Aspen Plus software 

The ILs were introduced as User-Defined components in the Aspen Plus software. More 

details on the calculation procedures of IL heat capacities, enthalpies of vaporization, and 

vapor pressure are presented in Section S2, and the parameters imputed in Aspen are 

listed in Table S1. For limonene and linalool, the required thermophysical properties were 

directly collected from the property databank of Aspen Plus. The NRTL model [1,2] was 

used to represent the VLE data of the limonene/linalool and limonene/linalool/IL 

mixtures, and the vapor phase was considered ideal. 

The rigorous two-phase fractionation (RADFRAC model) was selected to simulate the 

extractive distillation column, operating at 5 kPa. The model CEO feed flow of the 

distillation column (F) was set to 1000 kg·h-1, at 298.2 K and 101.3 kPa. The two-outlet 

(FLASH2 model) was selected to represent the flash unit. Since the essential oils are 

susceptible to degradation when exposed to high temperatures [3], the flash unit was 

operating at 363.2 K. Preliminary tests in Aspen Plus showed that a pressure of 100 Pa in 

the flash unit delivers good recoveries of the terpeneless CEO when [C4mim]Cl is used 

as the entrainer, while for [C4mim][OAc], the pressure was set at 5 Pa.  

Prediction of the CO2 emissions 

The CO2 emission is an important parameter for tracking the environmental performance 

of distillation-based processes [4]. Besides, this parameter is strongly related to the energy 

consumption of a distillation column since most of its required reboiler and heat exchange 

network is directly or indirectly related to the combustion of fossil fuels [5]. Therefore, 

the CO2 emissions are modeled in this work considering the approach proposed by 

Gadalla et al. [6] and applied in several distillation-based separation processes [4,5,7–9]. 

Assuming that complete combustion occurs (i.e., air is in excess and no carbon monoxide 

is formed), the CO2 emissions (kg·h-1) can be calculated by the as following: [6] 

 [CO2]Emiss =  (
𝑄𝐹𝑢𝑒𝑙

𝑁𝐻𝑉
) (

𝐶%

100
) 𝛼  (1) 

where  𝑄𝐹𝑢𝑒𝑙  is the heat released from the fuel combustion, NHV is the net calorific value 

of the fuel with a carbon content of 𝐶% (i.e., heavy fuel oil with 𝐶% = 86.5% and 𝑁𝐻𝑉 =
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 51600 kJ·kmol-1 are considered in this work [6]), and α is the molar masses ratio of CO2 

and C12 (α = 3.67). When no heated integration is considered in a distillation-based 

separation process, the energy provided from the fuel burnt to the steam boiler of the 

distillation column can be calculated as [4,6]: 

𝑄𝐹𝑢𝑒𝑙 =
𝑄𝑝𝑟𝑜𝑐

𝜆𝑝𝑟𝑜𝑐
(ℎ𝑝𝑟𝑜𝑐 − 419) (

𝑇𝐹𝑇𝐵 −  𝑇0

𝑇𝐹𝑇𝐵 − 𝑇𝑠𝑡𝑎𝑐𝑘
)   (2) 

where 𝑄𝑝𝑟𝑜𝑐  is the reboiler heat duty, 𝜆𝑝𝑟𝑜𝑐 (kJ·kg-1) and ℎ𝑝𝑟𝑜𝑐 (kJ·kg-1) are the latent 

heat and enthalpy of the steam delivered to the process, respectively. In addition, 𝑇𝐹𝑇𝐵, 

𝑇𝑠𝑡𝑎𝑐𝑘 and 𝑇0 are the flame, stack and room temperatures, respectively (i.e., the values 

used in this work are 𝑇𝐹𝑇𝐵 = 1800 ºC, 𝑇𝑠𝑡𝑎𝑐𝑘 = 160 ºC, and 𝑇0 = 25  ºC [6]). The boiler 

feedwater is assumed to be at 100 ºC, with an enthalpy of 419 kJ·kg-1[6].  
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Section S2. Calculation of the Ionic Liquid required properties to be introduced in 

Aspen Plus  

Vapor pressures 

No vapor pressure data were found in the literature for [C4mim][OAc] and [C4mim]Cl. 

Therefore, the predictive method proposed by Hekayati et al. [10] was applied. In this 

method, the vapor pressure of an ionic liquid (IL) is related to its critical properties as 

follows: 

 ln 𝑃𝑠𝑎𝑡 =  𝑓(0) +  𝜔 ×  𝑓(1) (3) 

 𝑓(0) =  𝐴 −
𝐵

𝑇
− 𝐶 × 𝑇 ×

𝑍𝐶

𝑇𝐶

+ 𝐷 × 𝑉𝐶 × 𝑛(𝐶𝑅2
) − 𝐸 × 𝑉𝐶

2 − 𝐹 × 𝑛(𝐶𝑅2
)

2
 (4) 

 𝑓(1) = 𝐺 −
𝐻

𝑇
  (5) 

where 𝑃𝑠𝑎𝑡  is the estimated vapor pressure (bar) at temperature 𝑇 (K), 𝜔 is the acentric 

factor, 𝑛(𝐶𝑅2
) is the number of carbons of the second alkyl group of the IL cation, 𝑍𝐶, 

𝑇𝐶, 𝑉𝐶 correspond to the critical compressibility factor, the critical temperature (K), and 

the critical volume (cm3⸱mol-1), respectively, and 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹, 𝐺, and 𝐻 are estimated 

parameters that are applicable for all ILs and are reported by Hekayati et al. [10]. The IL 

critical properties were retrieved from the database reported by Valderrama et al. [11] 

Ideal-gas heat capacities  

The ideal-gas heat capacities (𝐶𝑝
o) of the ILs were correlated to the available heat 

capacity data of the liquid phase (𝐶𝑝) [12,13] using the following relation: [14] 

 
𝐶𝑝 − 𝐶𝑝

o

𝑅
= 1.586 +

0.49

1 − 𝑇𝑟

+ 𝜔 × [4.2775 +
6.3 × (1 − 𝑇𝑟)1/3

𝑇𝑟

+
0.4355

1 − 𝑇𝑟

]  (6) 

where 𝑅 is the gas constant (8.31447 J⸱mol-1⸱K-1 [15]) and 𝑇𝑟 is the reduced temperature.  

Enthalpies of vaporization  

The temperature-dependent enthalpies of vaporization (Δ 𝐻𝑉𝑎𝑝,𝑇) of the studied ILs were 

predicted using the approach recently proposed by Verevkin et al. [16]: 
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 Δ 𝐻𝑉𝑎𝑝,𝑇 = Δ𝑙
𝑔

𝐶𝑝 × (𝑇 − 298.15) − Δ 𝐻𝑉𝑎𝑝,298.15  (7) 

 
Δ𝑙

𝑔
𝐶𝑝 = − 0.126 × 𝐶𝑝 − 1.5 

(8) 

where Δ 𝐻𝑉𝑎𝑝,298.15 is the enthalpy of vaporization of the IL at 298.15 K and Δ𝑙
𝑔

𝐶𝑝 is the 

difference between the heat capacity of gaseous and liquid phases. In this approach, Δ𝑙
𝑔

𝐶𝑝 

values are derived using the empirical relation presented in Eq. (8) [16].  

Table S1. List of parameters of the ionic liquids [C4mim][OAc] and [C4mim]Cl introduced as User-Defined 

compounds in Aspen Plus. 

Parameter 
Ionic liquidsa 

[C4mim][OAc] [C4mim]Cl 

Molar mass (g‧mol-1) 198.262 [17,18] 174.671[17,18] 

𝚫 𝑯𝑽𝒂𝒑,𝟐𝟗𝟖.𝟏𝟓 (kJ‧mol-1) 134.8 [19] 153.5 [20] 

Critical properties   

𝑻𝑪 (K) 847.3 [11] 789.0 [11] 

𝑽𝑪 (cm3‧mol-1) 658.2 [11] 568.8 [11] 

𝑷𝑪 (bar) 24.5 [11] 27.8 [11] 

𝒁𝑪 (K) 0.229 [11] 0.241 [11] 

𝝎 0.668 [11] 0.491 [11] 

Vapor pressure constantsb   

𝑪𝟏 (Pa) 8.93 7.10 

𝑪𝟐 (K‧Pa) 4130.8 3555.7 

𝑪𝟑 (K) -78.16 -93.05 

Ideal heat capacity constantsc   

𝑪𝟏 (J‧kmol-1‧K-1) 38992.96 423279.52 

𝑪𝟐 (J‧kmol-1‧K-2) 1435.02 -2444.50 

𝑪𝟑 (J‧kmol-1‧K-3) -1.912 8.056 

𝑪𝟒 (J‧kmol-1‧K-4) 0.0013 -0.0072 

Enthalpy of vaporization constatsd   

𝑪𝟏 (J‧kmol-1) 18.79 18.83 

𝑪𝟐 (J‧kmol-1) 0.068 -0.284 

𝑪𝟑 (J‧kmol-1) 0.350 0.882 

𝑪𝟒 (J‧kmol-1) -0.231 -0.558 

aReferences are listed after the values.  

bVapor pressures were fitted to the LOGVP1 Aspen plus equation format: log(𝑃𝑠𝑎𝑡) = 𝐶1 + 
𝐶2

𝑇+ 𝐶3
; 𝑃𝑠𝑎𝑡/Pa and 𝑇/K.  

cIdeal-gas heat capacities were fitted to the CPIG Aspen plus equation format: 𝐶𝑝
o = 𝐶1 +  𝐶2 × 𝑇 +  𝐶3 × 𝑇2 + 𝐶4 × 𝑇3; 𝐶𝑝

o
/J‧kmol-

1‧K-1 and 𝑇/K.  
dEnthalpies of vaporization were fitted to the DHVLTDEW Aspen plus equation format: 

 ln(Δ 𝐻𝑉𝑎𝑝,𝑇) = 𝐶1 + 𝐶2 × ln (1 − 𝑇𝑟) + 𝐶3 × 𝑇𝑟 × ln (1 − 𝑇𝑟) + 𝐶4 × 𝑇𝑟
2 × ln (1 − 𝑇𝑟); Δ 𝐻𝑉𝑎𝑝,𝑇/J‧kmol-1 and 𝑇/K.  
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Section S3. Validation of the apparatus for the VLE measurements 

Assessment of the deviations 

The deviations between the experimental and correlated data were assessed by calculating 

the root-mean-square deviations (σ):  

 σ =  √[
∑ ( 𝑀𝑖

𝑒xp− 𝑀𝑖
cal𝑐)

2
𝑖

𝑛
]  (9) 

 where M is the evaluated property, 𝑛 is the total number of data points, and the subscripts 

exp and calc correspond to the experimental and calculated data, respectively.  

Vapor pressure measurements 

The vapor pressures of pure ethanol and R-(+)-limonene measured in this work are 

compared with the literature data in Figure S1 and listed in Table S2. The ln(p) vs 1/T 

plot reveals good consistency of the experimental data obtained in this work for both 

compounds (R2 > 0.99985). To further assess the data's reliability, the vapor pressures 

obtained in this work for ethanol were compared to the values calculated with Antoine 

Equation parameters evaluated by NIST [21,22]; a low σ value of 1.2 kPa was obtained. 

Nevertheless, the Antoine parameters are unavailable in the NIST database for R-(+)-

limonene. Thus, for this compound, Antoine parameters regressed with vapor pressure 

data available in the literature [23–28] were used to calculate the vapor pressures in the 

temperature range measured in this work, resulting in a σ value of 2.4 kPa. The Antoine 

parameters fitted with the experimental data obtained in this work are presented in Table 

S3.  

  
Figure S1. Comparison of the vapor pressures measured in this work with the literature data for ethanol 

[29–34] and R(+)-limonene [23–28].  
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Table S2. Experimental vapor pressures of ethanol and R-(+)-limonene measured in this worka 

ethanol  R-(+)-limonene 

T/K  p/kPa  T/K  p/kPa 

290.2 4.9  358.1 5.0 

293.6 6.0  375.1 9.9 

296.2 7.0  386.1 14.9 

302.3 9.9  394.3 19.9 

309.5 14.9  406.4 29.8 

315.2 19.9  415.6 39.8 

323.1 29.8  423.3 49.6 

329.2 39.8  429.5 59.7 

334.2 49.7  434.8 69.7 

338.3 59.6  439.5 79.8 

341.9 69.5  443.9 89.7 

345.0 79.4  445.5 94.3 

347.9 89.7    

349.2 94.7    

aTemperature and pressure standard uncertainties are u(T) = 0.1 K and u(p) = 0.1 kPa, respectively 

Table S3. Antoine coefficients (A, B, and C) regressed with the experimental vapor pressures measured in 

this work and the data retrieved from the literature.a 

Compound A B C 

Ethanol 10.306 1614.313 -46.310 

R-(+)-limonene 9.774 2001.397 -28.741 

aThe vapor pressures were calculated using the Antoine equation: 𝒍𝒐𝒈(𝒑/𝑷𝒂) =  (𝑨 −
𝑩

(𝑻/𝑲+𝑪)
). 

In general, the vapor pressure data obtained in this work are in good agreement with the 

literature data [22–28]. Moreover, the ln(p) vs. 1/T plot built for both compounds reveals 

good consistency of the experimental data (R2 > 0.99985). 

VLE measurements 

In Figure S2, the VLE data measured for the ethanol/water mixture (at 13.0 kPa) are 

compared to the data reported by Beebe et al. [35], at 12.7 kPa, and Voutsas et al. [36], at 

13.2 kPa. For comparison purposes, the VLE calculated using the NRTL parameters of 

the Aspen Plus database was also included in Figure S2. All the liquid and vapor phase 

compositions and the reciprocal temperatures obtained in this work are listed in Table S4. 

The consistency of the VLE results was checked by the thermodynamic consistency test 

proposed by Kang and co-authors [37]. In this approach, four consistency tests are applied 

(i.e., Area, van Ness, Point-to-point, and Infinite dilution) to check the quality of the 
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evaluated dataset. The data obtained for the ethanol/water mixture passed in the Area test, 

van Ness test, and the Infinite dilution test (quality factor included in Table S4). In this 

work, the non-random two-liquid (NRTL) model [1] with five parameters was applied to 

represent the VLE of the binary systems. The NRTL parameters for the ethanol/water 

mixture from the Aspen Plus database and calculated σ deviations between the 

experimental and calculated data are presented in Table S5.  

The VLE data obtained for the ethanol/water mixture in this work agree with most of the 

data reported by Voutsas et al. [36], being the largest differences observed near the 

azeotropic temperature (1.6 K). In addition, low deviations between the experimental data 

and predicted with the NRTL model (𝜎(𝑇) = 0.32 K and 𝜎(𝑦) = 0.0112) were obtained. 

On the other hand, the T-x-y plot built with the data reported by Beebe et al. [35] presents 

some clear inconsistencies, particularly in the azeotropic region. Beebe and co-authors 

performed the VLE measurements with a modified Baker still apparatus [38], which is 

different from the Fisher ebulliometer employed in this work and by Voutsas et al. [36]. 

Nonetheless, all the x-y diagrams presented in Figure S2 show similar trends. 

  
Figure S2. Comparison of the vapor-liquid equilibrium data of the ethanol (1) + water (2) mixture measured 

in this work and available in the literature [35,36], at 12.9 ± 0.3 kPa.  

  

305.7

308.2

310.7

313.2

315.7

318.2

320.7

323.2

325.7

0.0 0.2 0.4 0.6 0.8 1.0

T
/K

x1;y1

Beebe et al. (1942)

Voutsas et al. (2011)

This work

NRTL

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.2 0.4 0.6 0.8 1.0

y 1

x1

Beebe et al. (1942)
Voutsas et al. (2011)
This work
NRTL



9 

 

Table S4. Experimental vapor-liquid equilibrium (VLE) of the ethanol (1) + water (2) binary mixture 

obtained in this work, at 12.9 ± 0.1 kPa.a,b 

T/K x1 y1 

306.8 0.923 0.923 

306.8 0.872 0.879 

306.8 0.820 0.846 

306.8 0.788 0.827 

307.1 0.657 0.768 

307.4 0.632 0.747 

308.3 0.507 0.690 

308.4 0.502 0.684 

309.3 0.352 0.640 

309.9 0.295 0.614 

310.3 0.243 0.595 

310.9 0.210 0.568 

311.5 0.174 0.544 

311.8 0.154 0.532 

312.5 0.124 0.508 

313.3 0.103 0.475 

314.0 0.088 0.448 

314.7 0.077 0.421 

315.5 0.067 0.384 

316.2 0.058 0.357 

316.6 0.053 0.340 

316.9 0.051 0.328 

318.5 0.034 0.260 

320.1 0.021 0.194 

321.0 0.016 0.152 

323.2 0.004 0.052 

aThe estimated uncertainties are u(T) = 0.1 K; u(x) = 0.005; u(y) = 0.005. 
b Overall quality factor following the methodology proposed by Kang et al [37]: 𝑄𝑉𝐿𝐸 = 0.80  
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Table S5. NRTL parameters and obtained root-mean-square deviations (σ) for the VLE data of the binary 

ethanol (1) + water (2) mixture.   

NRTL parametersa 

𝑨𝟏𝟐  -0.80 

𝑨𝟐𝟏   3.46 

𝑩𝟏𝟐   246.18 

𝑩𝟐𝟏  -586.08 

𝜶   0.3 

𝝈 values   

𝛔(𝑻)/𝐊  0.32 

𝛔(𝒚𝟏)  0.0112 

𝛔(𝒚𝟐)  0.0112 

aThe energy of interactions, 𝐺𝑖𝑗, in the NRTL model [1] is calculated as: 𝐺𝑖𝑗 = 𝑒𝑥𝑝 [−𝛼 (𝐴𝑖𝑗 + 
𝐵𝑖𝑗

𝑇
)]; T/K.   
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Section S4. VLE for binary mixtures  

  

Figure S3. Comparison of the vapor-liquid equilibrium data of the R-(+)-limonene (1) + linalool (2) 

mixture measured in this work and reported by Ganem et al. [28], at 5.0 ± 0.1 kPa 
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Section S5. VLE of the ternary systems 

Modified McDermott−Ellis consistency test 

The McDermott−Ellis consistency test [39] modified by Wisniak and Tamir [40] is a 

point-to-point test that can identify inconsistency datum in VLE experimental datasets. 

Briefly, the method implies that two points (a and b) are thermodynamically consistent 

(i.e., the data pass the test) when the local deviation (𝐷) is lower than the maximum 

deviation (𝐷Max), which are calculated as follows:  

 𝐷 = ∑[(𝑥𝑖𝑎 + 𝑥𝑖𝑏 ) × (ln 𝛾𝑖𝑏 − ln 𝛾𝑖𝑎)]

𝑁

𝑖=1

 (10) 

 

𝐷Max = ∑ [(𝑥𝑖𝑎 + 𝑥𝑖𝑏 ) × (
1

𝑥𝑖𝑎
+

1

𝛾𝑖𝑎
+ 

1

𝑥𝑖𝑎
+ 

1

𝛾𝑖𝑏
) × Δ𝑥] 

𝑁

𝑖=1

+  2 ∑[|ln 𝛾𝑖𝑏 − ln 𝛾𝑖𝑎| ×  Δ𝑥]

𝑁

𝑖=1

+ ∑ [(𝑥𝑖𝑎 + 𝑥𝑖𝑏 ) ×  
Δ𝑝

𝑝
]

𝑁

𝑖=1

+ ∑ { (𝑥𝑖𝑎 + 𝑥𝑖𝑏 ) ×  𝐵𝑖 × [
1

(𝑇𝑎 + 𝐶𝑖)2
+ 

1

(𝑇𝑏 + 𝐶𝑖)2
] × Δ𝑇} 

𝑁

𝑖=1

    

(11) 

where 𝑥𝑖 and 𝛾𝑖  are the liquid phase mole fraction of and the activity coefficients of 

component 𝑖, respectively; 𝑁 is the total number of components in the mixture; 𝑇𝑎 and 𝑇𝑏 

are the absolute temperature of two datapoints 𝑎 and 𝑏; Δ𝑥, Δ𝑝 and Δ𝑇 are the 

uncertainties in the liquid phase mole fraction, pressure, and temperature, respectively; 

𝐵𝑖 and 𝐶𝑖 are the Antoine constants of component 𝑖.     
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Table S6. Results for the modified McDermott-Ellis test applied to the VLE data obtained in this work for 

the ternary systems.a  

R-(+)-limonene (1) + linalool (2) + [C4mim][OAc] (3)  
R-(+)-limonene (1) + linalool (2) + 

[C4mim]Cl (3) 

xa,1-xb,1 |D| Dmax Result  xa,1-xb,1 |D| Dmax Result 

0.885-0.824 0.021 0.148 Pass  0.691-0.651 0.003 0.151 Pass 

0.824-0.773 0.022 0.145 Pass  0.651-0.619 0.004 0.150 Pass 

0.773-0.715 0.006 0.145 Pass  0.619-0.575 0.007 0.149 Pass 

0.715-0.659 0.016 0.144 Pass  0.575-0.549 0.008 0.148 Pass 

0.659-0.610 0.004 0.142 Pass  0.549-0.530 0.009 0.147 Pass 

0.610-0.554 0.009 0.140 Pass  0.530-0.474 0.002 0.146 Pass 

0.554-0.495 0.015 0.138 Pass  0.474-0.439 0.002 0.143 Pass 

0.495-0.449 0.006 0.136 Pass  0.439-0.401 0.007 0.140 Pass 

0.449-0.400 0.013 0.133 Pass  0.401-0.369 0.002 0.138 Pass 

0.400-0.353 0.004 0.131 Pass  0.369-0.334 0.007 0.136 Pass 

0.353-0.314 0.015 0.130 Pass  0.334-0.292 0.011 0.134 Pass 

0.314-0.279 0.003 0.128 Pass  0.292-0.256 0.019 0.131 Pass 

0.279-0.241 0.004 0.126 Pass  0.256-0.224 0.008 0.129 Pass 

0.241-0.202 0.005 0.124 Pass  0.224-0.192 0.015 0.127 Pass 

0.202-0.175 0.009 0.122 Pass  0.192-0.168 0.006 0.125 Pass 

0.175-0.156 0.006 0.120 Pass  0.168-0.149 0.005 0.123 Pass 

0.156-0.143 0.005 0.119 Pass  0.149-0.137 0.003 0.122 Pass 

0.143-0.117 0.007 0.119 Pass  0.137-0.126 0.004 0.121 Pass 

0.117-0.103 0.005 0.117 Pass  0.126-0.114 0.004 0.120 Pass 

0.103-0.085 0.004 0.116 Pass  0.114-0.092 0.000 0.119 Pass 

0.085-0.071 0.005 0.115 Pass  0.092-0.072 0.017 0.118 Pass 

0.071-0.030 0.009 0.119 Pass  0.072-0.058 0.024 0.116 Pass 

     0.058-0.041 0.038 0.115 Pass 

     0.041-0.025 0.057 0.114 Pass 

a Δ𝑥 = 0.005; Δ𝑝 = 0.1 𝑘𝑃𝑎; Δ𝑇 = 0.1 𝐾.  
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Relative volatility  

The relative volatility of a mixture of two compounds is calculated as follows: 

 𝛼12 = 

𝑦1
𝑥1

′⁄

𝑦2
𝑥2

′⁄
  (S1) 

where 𝑦𝑖 is the mole fraction of compound i in the vapor phase, 𝑥′
𝑖 is its mole fraction 

in the liquid phase (on an IL-free basis), and the subscripts 1 and 2 correspond to R-(+)-

limonene and linalool, respectively. 
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Section S6.  Process simulation complementary information 

Table S7. List of the correlated NRTL parameters and obtained root-mean-square deviations (σ) for the 

VLE data of limonene/linalool and limonene/linalool/IL mixtures.  

  Limonene (1) + 

linalool (2) 

Limonene (1) + linalool (2) + 

[C4mim][OAc] (3) 

Limonene (1) + linalool (2) + 

[C4mim]Cl (3) 

 NRTL Parametersa 

𝑨𝟏𝟐   -11.43 -13.38 -20.08 

𝑨𝟐𝟏   -1.45 3.32 24.53 

𝑩𝟏𝟐   3787.60 4496.94 7019.89 

𝑩𝟐𝟏   1572.53 -168.67 -8164.34 

𝑨𝟏𝟑    -336.19 -7.39 

𝑨𝟑𝟏    73.77 19.05 

𝑩𝟏𝟑    291879.16 -10403.89 

𝑩𝟑𝟏    24057.16 -5068.65 

𝑨𝟐𝟑    86.12 -60.30 

𝑨𝟑𝟐    7.72 4.71 

𝑩𝟐𝟑    82954.60 10559.09 

𝑩𝟑𝟐    -3147.20 -3001.49 

𝜶   0.3 0.3 0.3 

 σ values 

𝛔(𝑻)/𝐊   0.71 0.15 0.06 

𝛔(𝒑)/𝐤𝐏𝐚   0.009 0.002 0.001 

𝛔(𝒙𝟏)   0.0003 0.0001 0.0001 

𝛔(𝒙𝟐)   0.0003 0.0001 0.0197 

𝛔(𝒚𝟏)   0.0068 0.0208 0.0040 

𝛔(𝒚𝟐)   0.0064 0.0246 0.0052 

aThe energy of interactions, 𝐺𝑖𝑗, in the NRTL model [1] is calculated as: 𝐺𝑖𝑗 = 𝑒𝑥𝑝 [−𝛼 (𝐴𝑖𝑗 + 
𝐵𝑖𝑗

𝑇
)]; T/K.  
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Figure S4. Comparison of the limonene and linalool recoveries (%) as function of the number of stages in 

the distillation column for 𝑅 = 1.5 and different S/F ratios. 

  

  

 
Figure S5. Overview of recoveries of limonene and linalool obtained for different 𝑆/𝐹 and 𝑅 values, 

fixing 𝑛 = 15 and 𝑛 = 3. 
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Figure S6. Overview of the requirements to obtain the target linalool purities in the terpeneless CEO from 

the process free of IL and with [C4mim]Cl, for 𝑅 = 0.5. The dark bars correspond to 𝑛 or the specific heat 

duty, the light bars are the specific cooling requirements, and the circles represent the limonene mass 

fraction obtained in the distillate. The lines connecting the circles are guides for the eyes. 
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Figure S7. Overview of the requirements to obtain the target linalool purities in the terpeneless CEO from 

the process free of IL and [C4mim]Cl, for 𝑅 = 1.5. The dark bars correspond to 𝑛 or the specific heat duty, 

the light bars are the specific cooling requirements, and the circles represent the limonene mass fraction 

obtained in the distillate. The lines connecting the circles are guides for the eyes. 
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