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Abstract — Benzene is one of the most widely used basic materials in the petrochemical industry. Generally, benzene
exists as a mixture with alcohols rather than as a pure substance. Further, the alcohols-added mixtures usually exhibit an
azeotropic composition. In this context, knowledge of the phase equilibrium behavior of the mixture is essential for its
separation and purification. In this study, the vapor-liquid equilibrium data were measured in favor of a recirculating
VLE apparatus under constant pressure for the 1 - propanol / benzene system. The measured vapor - liquid equilibrium data
were also correlated by using the UNIQUAC and WILSON models and the thermodynamic consistency test based on
the Gibbs/Duhem equation was followed. The results of the phase equilibrium experiment revealed RMSEs (Root Mean
Square Error) and AADs (Average Absolute Deviation) of less than 0.05 for both models, indicating a good agreement
between the experimental value and the calculated value. The results of the thermodynamic consistency test also con-
firmed through the residual term within + 0.2.
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Table 1. Physical properties of 1-propanol and benzene

1-propanol benzene
Te (K) 536.8 562.05
Pc (bar) 51.69 48.95
Dipole moment (debye) 1.679 0
w 0.6209 0.2103

Table 2. Volume and surface area parameters of 1-propanol and benzene

1-propanol Benzene
Molecular weight 60.1 78.11
r 3.2499 3.1878
q 3.128 2.4
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Table 3. Experimental and Literature Values of Densities of pure components

Densi 3
Substance T(K) ensity (g/om)
exp 1it[25]
1-propanol 293.15 0.8046 0.8040
Benzene 293.15 0.8776 0.8736
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Fig. 2. A schematic diagram of the experimental apparatus for the
vapor-liquid equilibrium (VLE-100).
1. Feed vessel 8. Vacuum jacket
2. Mixing chamber 9. Immersion heater

3. Stirrer 10. Buffer vessel
4. Sample port 11. Solenoid valve
5. Higher 12. Temperature sensor

6. Lower valve
7. Heating mantle

13. Venting valve
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Table 4. Experimental VLE data for 1-propanol(1)/benzene(2) system
at various pressures

T (K) X Y1 T (K) X Y1
70 kPa

341.55 0 0 342.85 0.587 0.253

339.75 0.01 0.036 343.95 0.6546 0.2899

338.85 0.0561 0.0787 345.25 0.6854 0.3093
33845 0.0921 0.0954 349.05 0.8087 0.4278
338.55 0.2114 0.1322 352.15 0.8781 0.5347
338.75 0.2767 0.1434 354.95 0.9221 0.6546
338.95 0.3338 0.1518 357.05 0.9699 0.791

339.75 0.402 0.1769 359.95 1 1
340.55 0.4937 0.2069

50 kPa
331.85 0 0 332.35 0.4826 0.1934

330.65 0.0193 0.0318 334.15 0.5651 0.2263
329.65 0.0569 0.0762 335.45 0.6333 0.2531
32945 0.1189 0.0963 340.15 0.8016 0.394
329.65 0.1415 0.1149 342.95 0.8586 0.4895
329.75 0.1639 0.1219 344.45 0.8993 0.5534
329.95 0.2148 0.1322 347.65 0.9411 0.687
330.05 0.2756 0.1415 348.85 0.9598 0.7904

330.35 0.3289 0.149 351.75 1 1
331.35 0.3997 0.1658

20 kPa
308.05 0 0 313.25 0.6623 0.2183

306.45 0.067 0.0619 315.65 0.7327 0.2625
306.55 0.135 0.0829 320.65 0.8746 0.4332
306.85 0.2148 0.0904 322.45 0.8905 0.4826
307.25 0.2996 0.1109 324.05 0.9221 0.5607
308.05 0.3688 0.1229 326.75 0.953 0.6561
308.75 0.455 0.135 328.35 0.9682 0.76
310.35 0.5405 0.1536 332.35 1 1

®  70kPa
100 4 A 50kPa
B 20kPa
UNIQUAC
WILSON

20 A

T T T T
0.0 0.2 0.4 0.6 0.8 1.0
X1, y1

Fig. 3. T-x,y diagram of 1-propanol(1)/benzene(2) at various pres-
sures.

Sho]] whe} 50 kPaoll 4= 0.08 mol%, 70 kPacll A+ 0.09 mol%=.
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Fig. 4. Consistency test of data for 1-propanol(1)/benzene(2) system
at various pressures.
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Fig. 5. Excess molar volume of 1-propanol(1)/benzene(2) at 20 °C.
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