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Vapor-Liquid Equilibria of Ester-Alcohol Systems (1)
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Abstract

Binary vapor-liquid equilibrium data for the systems, MeOH-EtAc, EtAc-EtOH, EtAc-n-PrOH aad
EtAc-n-BuOH, were measured under atmospheric pressure using methods developed for MeAc-Alcchol
systems presented in a previous report.

The measured z-y data were discussed to be correct or not, by means of Herington’s consistency
test, and the relationships between the liquid composition and Q-function or activity coefficient.

Van Laar’s constants A, B were determined experimentally and compared with previously published
values.

The author determined the constants for Prahl’s equation using the experimental data, corrected the
azeotropic composition of MeOH-EtAc system, also suggested density-composition relations at 20°C,
and obtained the smoothed data of vapor-liquid equilibria at the atmospheric pressure for the EtAc-

Alcohol systems.
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Table 1. Properties of Material

Density(p2) . Re“e%ﬁfﬁo [ndex
Material
| Lit.() | Exp. | Lit.(®
EtAc I 0.9005] o,9ooel 1.37181 1.3724
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Fig. 1. Relation between the composition of Solution
and Its Density at 26°C.
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Table 2. Properties of Azeotropic mixtures.

. \|JAzeotropic Composition
- Azeotropic Temp. (°C} (mole fr. )
Systems
Exp. I Lit. Exp. Lit.
MeOH-EtAc | 623 | 623219 72| 8837
, 71.1%2 0. 53912
EtAc-EtOH [ L8 | 4w 0.5400 o Zjow
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Table. 3

Smoothed Data for MeOH-EtAc System (1 atm.).

Table. 5

Smoothed Data for EtAc-n-PrOH System (1 atm.).

Boiling Temp. [°C]

mole fr. of MeOH

z y
77.1 0. 000 0. 000
72.7 0. 059 0. 165
70.2 0.100 0. 364
68.3 0.150 0. 342
65.8 0. 200 0. 400
63.6 0.25 ( 0. 450
64.8 0.32 0.490
64.1 0. 350 0.524
63.6 0.4 (0 0.551
63.3 0. 450 0.578
63.0 0. 500 0. 601
62.7 0. 550 0.628
62.5 0.600 0. 653
62.4 0.650 0. 680
62.3 0.700 0.708
62.3 0.750 0. 740
62.4 0. 800 0.775
62.6 0. 850 0.813
63.0 0. 900 0. 860
63.8 0. 950 0.921
64.7 1. 000 1. 000

Table 4

Smoothed Data for EtAc-EtOH System(l atm.).

Boiling Temp, {°C]

Mole fr. of EtAc

x ¥
97.8 0. 000 0. 0G0
94.7 0. 050 0. 140
92.2 0. 100 0.251
90.1 0. 150 0. 340
88.3 0. 200 0.415
86.7 0. 250 0.478
85.3 0. 300 0.330
84.1 0. 350 0.577
83.1 0. 400 0.617
82.2 0. 450 0.651
81.4 0. 500 0. 681
80.6 0. 550 0. 710
80.0 0. 600 0.738
7.4 0. 650 0. 764
78.9 0.700 0. 792
78.4 0. 750 0. 820
71.9 0. 800 0. 833
7.6 0. 850 0.887
77.3 0. 900 0.921
77.1 0. 950 0. 960
77.1 1. 000 1.000

Table 6.

Smoothed Data for EtAc-n-BuOH System (1 atm.).

Boiling Temp, (°C)

Mole fr. of EtAc

| y

x
78.4 0. 000 0. 000
76.7 0.500 0.110
75.5 0.100 0.190
74.6 0.150 0. 258
73.9 0.200 0.310
73.3 0. 250 0. 352
72.8 0- 300 0. 390
72.4 0. 350 0.425
72.1 0. 400 0.457
71.9 0.450 0.489
71.8 0.500 0.517
71.8 0.550 0.543
71.9 0. 600 0.575
72.0 0.650 0.607
72.2 0.700 0.645
72.5 0.750 0.685
73.0 0. 800 0.727
73.6 0.850 0.776
74.4 0.900 0.837
75.5 0.950 0.908
77.1 1. 000 1. 000

Boiling Temp. [°C]

Mole fr. of EtAc

k) 3
117.0 0. 000 0. 000
111.5 0. 050 0.215
107.0 0.100 0. 380
103.1 0.150 0. 491
100.0 0. 200 0.572
97.3 0. 250 0. 634
95.1 0. 300 0. 634
93.0 0. 350 0.725
91.2 0. 400 0. 780
89.6 0.450 0. 790
88.0 0. 500 0.815
86.6 0. 550 0. 839
85.2 0. 600 0. 860
84.0 0. 650 0. 830
82.8 0. 700 0. 898
81.6 0. 750 0.918
80.6 0. 800 0.935
79.7 0. 850 0.951
78.9 0. 900 0. 968
78.0 0. 950 0.985
77.1 1. 000 1.000
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Table 8 Constant in Antoine’s Equation.

Compont ' A B C l Lit

1238.7

EtAc l 7. 0981 217.0 l(ls) (16)
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£7AA log r./7. & BWHEHKS plot 39 Fig. 23~25
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Table 9. Results of Herington's Consistency Test.

Systems ‘ D l J D<J Temg‘.)éa)nge
MeOH-EtAc 2.41 6.62 yes 12.4
EtAc-EtOH 0.11 2.87 yes 1.3
EtAc-»-PrOH 1.54 10.88 yes 20.7
EtAc-#~BuOH 2.00 17.09 yes 39.9
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Table 10. Constants of Van Laar’s equation.

Exp. l Lit
Systems —
| B [ A B
0.4227] 0.4470[(D
MeOH-EtAc 0.4230] 0.4470 ‘ e
0.505 : 0.505 [(173(14)
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Table 11. Constants of Prakl's equation.

curve ©

3 —

Systems } a b 3 ¢
MeOH-EtAc —0. 6246 0. 245 0.4226
EtAc-EtOH —0. 2879 0. 310€ 1. 0041
EtAc-n-PrOH —0.5021 0. 2827 0. 1386
EtAc-n-BuOH —(. 2439 0. 1586! 0. 0813
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Nomenclature
X * Mole fraction in liquid
¥ ; Mole fraction in vapor
7 ; Liquid phase activity coefficient
Zrpmry ; Mole fraction in liquid where 7, is equal

to 7.
P, P;; 3 Vapor pressure of pure components at

temperature at which the mixture would
boil, if Raoult’s law holds

P.° P, ; Vapor pressure of pure components corre-
sponding to observed boiling point

t : Boiling point

x, ; Mole fraction in liquid where z—y curve
observed and x—y curre calculated from

Raoult’s law crosses

AFE ; Excess free energy per mole

P ; Total pressure in isobaric equilibria
D.J ; Designated term in the Herington test
EtAc ; Ethylacetate, MeOH ; Methanol
EtOH ; Ethanol, n-PrOH ; n-propanol
#1-BuOH  : n-Butanol
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Subscripts;
1,2 ; Represents components 1, 2 respectively
i ; Represent by “Raoult’s law”
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