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Abstract — To a first approximation, phase behavior of a system becomes increasingly skew in proportion to the boil-
ing point difference of system-forming constituents. Therefore, phase behavior data of a system of a large boiling point
difference are to be experimentally measured for thorough understanding of the thermodynamic characteristics of such
system. In this work, isobaric vapor-liquid equilibrium of a mixture consisting of toluene and cresol, which shows a
large boiling point difference of nearly 100 °C and is consequently expected to be considerably nonideal, was measured
by using a recirculating equilibrium cell at various subatmospheric pressures ranging from 10 kPa to 60 kPa. The mea-
sured VLE data were correlated with NRTL and UNIQUAC models in a satisfactory manner and the accompanying
thermodynamic consistency test represented soundness of the measurements. In addition, the excess molar volume of the
mixture was also measured with a vibrating densitometer and correlated with a Redlich-Kister polynomial. A negative
excess volume prevailed over the whole concentration range, which indicates a favorable attraction between toluene and
cresol isomers and results in an extensive miscibility.
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1. Feed vessel

2. Mixing chamber

3. Stirrer

4. Sample port

5. Higher valve

6. Lower valve

7. Heating mantle
Fig. 1. Schematic diagram of vapor-liquid equilibrium(VLE-100).

8. Vaccuum jacket

9. Immersion heater
10. Buffer vessel
11. Solenoid valve
12. Temperature sensor
13. Venting valve
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Table 1. Experimental and literature values of densities of pure com-
ponents

Density (g/cm’)

Substance T(K)

Exptl Lit[5]

293.15
308.15
293.15

0.8668 0.8668
1.0326 1.0327
1.0338 1.0339

toluene
o-cresol
m-cresol

1.06

1.04 1

L
1.02 A
1.00 A
0.98
0.96

0.94 4

Density(g/cm®)

0.92 4

0.90 +

0.88

Experiment
—— Correlation Y

0.86

0.84 T T T T
0.0 0.2 0.4 X, 0.6

Fig. 2. Calibration curve of density vs composition for toluene/o-
cresol system at 35 °C.
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Fig. 3. Calibration curve of density vs composition for toluene/m-
cresol system at 20 °C.
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Table 2. Experimental VLE data of toluene(1)/o-cresol(2) system at
various pressures

T(K) X1 Y1 T(K) Xq M

60 kPa
44435 0.0000  0.0000  385.05  0.3962  0.9351
438.55 0.0327 02114 38035  0.4800  0.9567
433.85 0.0483 03785  378.15  0.5339  0.9606
427.95 0.0755 05017 37485  0.6054  0.9656
42525 0.0927 05522 369.75  0.6892  0.9834
422.45 0.0999 05810  367.85  0.7919  0.9895
415.95 0.1620  0.6765  365.85 1.0000  1.0000
397.45 0.2986  0.8746

30 kPa
422.55 0.0000  0.0000 37825  0.2097 0.8734
419.05 0.0255 01715  364.75  0.3657  0.9467
413.85 0.0300 03185 35895  0.4700  0.9648
413.05 0.0322 02863  350.05  0.5899  0.9811
409.45 0.0522 03879 34725  0.8163  0.9939
403.05 0.0803  0.5316 34545 1.0000  1.0000
393.35 0.1082  0.7020

10 kPa
392.85 0.0000  0.0000 35135 0.1743  0.8774
385.75 0.0250 02974  340.75  0.2520 0.9384
384.95 0.0283 03108 33505 0.2974  0.9612
378.45 0.0366 04717 32495  0.5799  0.9861
373.15 0.066 05916 32145  0.7575  0.9923
367.45 0.0738  0.6787 32035  0.8413  0.9945
357.65 0.1382  0.8218  318.25 1.0000  1.0000
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Table 3. Exp.erimental VLE data of toluene(1)/m-cresol(2) system at iniP;af
various pressures ; —(EF- 6)
T(K) X1 Y1 T(K) X1 M
60 kPa 549 7]- Y E]O]Eﬁ_ maximum likelihood Y& 712=
SR TN 0T e ok S0 o 9] A 2w
451.65 0.0156 0.1733 390.55 0.2656 0.9462 HTE Adehs wew 7@61-0]—031:]—
wos oo oo s ome  oows Q7Y [(T—-—-—f"'*Tm"')z+z¢’<’*l[("e"‘f*"’"’”) (R ]
. . K . . . i=1 GT,i j=1 Gx,ij
436.05 0.0570 0.5390 372.15 0.6617 0.9848 @)
429.05 0.0791 0.6595 369.35 0.7924 0.9896 N
416.85 0.1097 0.8041 366.35 1.0000 1.0000 71N SR et m A7t Akt SRS e o X
30Pa = HAx=Z 9m)eit), = T, x, y& A2 L5 oﬂ/\]—iﬂ Z/\-] 7\
43385 00000 00000 38305  0.1469  0.9025 o] 245 FAIETE NPE tlofE] 9] Zisro]m] NCE w2 ?015}
43155 0005 00857 37435 02080  0.9336 NRTL¥ UNIQUAC: ©]-83te] ataA|selr] Slsf dash <=
43065  0.0092  0.1115 36925 02554 09516 TR E2]4 AJAE Table 4-60 F2SHITHS]. 2} 245 st
42665 00180 02422 36525 02818  0.9648 ] 7] H& vlo]E]Z NRTLY} UNIQUAC %22 o]-&3lo] 7]
416.15 0.0408 0.4880 355.75 0.4624 0.9848 FAACH[9], 71 AFE Fig. 49} 500 A A9} n|wste] et
408.25 0.0480 0.6013 349.35 0.6521 0.9908 Ugit}, gdodstA male o)get Adldo|E]e] AstomHE] AA
403.75 0.0689 0.7296 347.85 0.8523 0.9938
395.45 0.0953 0.8028 345.45 1.0000 1.0000
385.65 0.1319 0.8849 Table 4. Physical properties of toluene, o-cresol and m-cresol[8]
10 kPa Toluene 0-Cresol m-Cresol
404.05 0.0000 0.0000 343.65 0.1859 0.9592 T.(K) 591.79 697.6 705.8
400.05 0.0102 0.1705 336.94 0.2584 0.9760 P, (MPa) 4.104 5.01 4.56
394.95 0.0192 0.3224 334.45 0.2842 0.9820 Dipole moment(debye) 0.375 1.64 1.54
388.55 0.0216 0.5018 327.95 0.4484 0.9904 0} 1.4961 1.5386 1.5401
377.35 0.0474 0.6882 323.35 0.6141 0.9948
372.65 0.0624 0.7596 32075 0.8539 0.9974 Table 5. Coefficients of Antoine equation for toluene, o-cresol and m-
35915 00977 08855 31845  1.0000  1.0000 cresoli8]
350.75 0.1325 0.9311 Toluene o-Cresol m-Cresol
A 6.95464 69117 7.508
B 1344.8 1435.5 1856.36
C 219.48 165.16 199.07
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Table 6. Volume and surface area parameters of toluene, o-cresol and
m-cresol[8]

Toluene 0-Cresol m-Cresol
Molecular weight 90.16 108.16 108.16
r 3.248 4284 4284
q 2.968 3.9228 3.9228
460
d UNIQUAC
440 J - ——— NRTL

T(K)

380 1

360 1

340 |

320 1

300 T T T T

0.0 0.2 0.4 0.6 0.8 1.0
X1,¥1

Fig. 4. Txy diagram of toluene(l)/o-cresol(2) at various pressures
(O,@-60 kPa, A,A-30 kPa, [1,l-10 kPa).
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Fig. 5. Txy diagram of toluene(1)/m-cresol(2) at various pressures
(O,@-60 kPa, A,A-30 kPa, [1,l-10 kPa).

Table 7. UNIQUAC binary parameters of toluene-cresol systems

Component j=1 =2
toluene + o-cresol
i=1 0 -2.3213
i=2 0.8558 0
toluene + m-cresol
i=1 0 -1.5591
i=2 0.5995 0

Table 8. NRTL binary parameters of toluene-cresol systems

Component j=1 =2
toluene + o-cresol
i=1 0 3.6037
i=2 -1.1328 0
toluene + m-cresol
i=1 0 3.2485
i= —-0.7752 0
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Fig. 6. Consistency test of data for toluene(1)/o-cresol(2) system at
various pressures(O,@-60 kPa, A,A-30 kPa, [1,l-10 kPa).
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various pressures(O,@-60 kPa, A,A-30 kPa, [],l-10 kPa).
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Fig. 8. Excess molar volume @: toluene(1)/o-cresol(2) (308.15K). O:
toluene(1)/m-cresol(2) (293.15 K).
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Table 9. The Redlich-Kister coefficients

System A(cm’/mol)  Ay(cm’/mol)  As(cm’/mol)
toluene + o-cresol —0.6389 0.2660 0.1637
toluene + m-cresol —-0.8281 0.2002 0.0855
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