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Abstract : In this study, vapor-liquid eguilibria of a binary system, which consists of glycerol and water, are measured using a vapor-
recirculating modified Othmer still at various subatmospheric pressures. The constituent components of the binary system considered in
this study exhibit a large difference in the boiling temperatures. Since it is generally observed that the properties of a mixture greatly differ
from those of the pure components, the phase equilibrium characteristics of a mixture can not be predicted from the properties of the pure
components. Furthermore, an abrupt increase in the boiling temperature occurs as the concentration of the higher boiling component
exceeds a certain value. Therefore, it is essential to acquire realistic phase equilibrium data of the mixture for industrial applications. Using
the UNIQUAC model, the experimental vapor-liquid equilibrium data are correlated with good accuracy. The thermodynamic consistency
test is also performed to ensure soundness of the data.
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Fig. 1. Second virial coefficients of glycerol and water cal-
culated using Hayden and O'connell’s method.

Table 1. Coefficients of Riedel equation[8] for Glycerol and

Water
Coefficient Glycerol Water
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Fig. 2. Schematic diagram of vapor-liquid equilibrium apparatus.
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Table 2. Vapor-Liquid Equilibrium Data of Glycerol(1)-
Water(2) System at 750 mmHg

experimental parameter 2 parameter 4
TK) exp exp cal cal cal cal
x1 Y1 X1 n X1 N1

37655 0080 00038 0138 00000 0119 00000
37735 01063 00033 0161 00000 0142  0.0000
37855 01319 00035 0193 00000 0174 00001
37875 01620 00037 0198 00000 0179  0.0001
379.75 01732 00040 0221 00000 0204  0.0001
R 02033 00035 0250 00001 0239 0.0001
383.35 02288 00038 0292 00001 028  0.0001
33435 02705 00038 0309 00001 0305 0.0001
38565 03113 00038 0330 00001 0330  0.0002
30385 04362 00039 0441 00003 0463  0.0004
39925 05246 00026 0500 00005 0531 0.0007
404.35 06162 00037 0550 00009 058  0.0011
41665 06738 00026 0630 00023 0686 00026
429.15 0.7504 - 0731 00053 0758  0.0057
409% 08439 00038 0792 00106 0808 00111
47295 08898 00467 0900 00503 0892 00500
302.15 09274 01587 0952 01609 0937 01574
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Glycerol-& Aol & 5 7192839 233 47 897
Table 3. Vapor-Liquid Equilibrium Data of Glycerol(1)-Water(2) Table 5. Vapor-Liquid Equilibrium Data of Glycerol(1)-Water(2)
System at 500 mmHg System at 100 mmHg
T(K) e):pjnment:)l(p pa;zjmeter il pa;almeter fal K experimental parameter 2 parameter 4
X1 Y1 X1 1 X1 V1 xlexp yfxp xfal yfal Xfal ylcal

362.75 0000 00000 0037 00000 0035 00000
364.65 0100 00000 0106 00000 009 00000
367.05 0163 00000 0176 00000 0166 00000
369.25 0243 00010 0228 00000 0219 00000
374.25 031z 00000 0324 00001 0319 00001
376.35 0353 00000 0358 00001 0355 0.0001

32355 0000 0.000 e - - -

325635 0018 0.000 0028 00000 0250 00000
3B 0069 0.001 0040 00000 0036  0.0000
32656 0110 0.000 0063 00000 005  0.0000
387 0121 0.000 0117 00000 0104  0.0000
32025 0145 0.000 0129 00000 0114  0.0000

37745 0397 00005 0375 00001 0373 00002 330,05 0.169 0.003 0146 00000 0131  0.0000
ST 0486 0000 0486 00004 0491 0.0004 BOT5 0206 00025 0161 00000 0145 00000
B35 0503 00005 0516 00005 0523  0.0005 328 0244 000 024 00000 0188 00000
3%55 05065 00010 0600 00010 0609 00010 33365 0272 0002 0220 00000 0204 00000
406.55 0660 00025 0684 00022 0692 00022 33605 0398 0.000 0265 00000 0252  0.0000
416.15 0749 00035 0749 00042 0754 00043 U275 0373 0.000 0381 00000 0379  0.0000
42045 0801 00030 0774 00056 0778 0.0056 346.15 0.398 0.001 0434 00001 0437  0.0001
432.85 0844 00110 0832 00114 0833 00115 355.35 0535 0.001 0562 00002 0573  0.0003
437.35 0867 00125 080 00147 0849 00146 363.35 0618 0.001 0654 00006 0667 0.0006
445.55 030 00525 0877 00225 08755 00225 365.35 0.674 0.003 0675 00007 0687  0.0007
466.95 0902z 00410 0927 00613 0879 00241 38455 0.854 0.029 0821 00034 0826 00034

39855 0.8%4 0.030 0834 00091 086 00092

426.05 0.924 0.035 0.950 0.0465 0948  0.0464
Table 4. Vapor-Liquid Equilibrium Data of Glycerol(1)-Water(2)

System at 250 mmHg -= : Below boiling temperature
experimental parameter 2 parameter 4
TK) 600 T T T T
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3458 0000 0000 0054 00000 0550 00000
34615 0041 0000 0067 00000 0069  0.0000
34745 0073 0000 0121 00000 0126 0.0000

M6 0008 0000 0128 00000 0034 00000 500
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Table 6. Correlation Results using the 2-parameter Verson

of UNIQUAC
P(mmI—Ig) Qs as ReSidue*
750 57345 -537.28 139470
500 85.255 -324.82 87.793
250 343.26 -471.39 87.067
100 -27898 -130.09 63.736

* calculated by eqn.(11)

Table 7. Correlation Results using the 4-parameter Verson
of UNIQUAC

P(mmHg) a9 a9 ,812 BZI Residue”

750 133060  -155240 -54000E+5 54000E+5 86.923

500 513.35 =769.75  -2.0291E+5 20370E+5 84.002

250 983.81 -1090.10 -25049E+5 2.4986E+5 69.68

100 335.37 -72481  -20164E+5 2.0380E+5 67.248
*calculated by egn.(11)

Table 8. Results of Thermodynamic Consistency Test

. Slopex 107
Concentration (mol %) -
Experiment Literature[5]
0.0 - -0.498
0.2 -0.545 -0.529
04 -0.574 -
0.1 - -0.565
06 -0.592 -
08 -0.575 -
8 T T T
Experimental
O :0.2 mol
v :0.4 mol
6 L o :0.6 mol 4
& :0.8 mol
2
4+ |
Literature[5]
e  :0.0 mol
v :0.2 mol
5 :0.51mol
2 - _
L i . L ! ]
.0024 .0028 .0032
1/T(K)

Fig. 10. InP vs. 1/T diagram.
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Nomenclature

T * Temperature
P : Pressure
f . Fugacity
R : Gas constant
x © Liquid phase mole fraction
y : Vapor phase mole fraction
B : Cross second virial coefficient
B : Pure component virial coefficient
G . Excess Gibbs energy
q : Pure component area parameter
r . Pure component volume parameter
z : Coordination number
a; * UNIQUAC parameter
Greek letters
a, B © UNIQUAC parameter
Y © Activity coefficient
@ : Vapor phase fugacity coefficient
Superscripts
sat © Saturated
1% : Vapor
L > Liquid
E © Excess

Td3e 2 8 @ A 6 &, 1997

b
!

4
o
o

3

cal : Calculation

exp : Experiment

Subscripts

i : Component i

i . Component J
g
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