x*=[241ln M* +112] x 10°°

and

In M*=0.0378 T - 11.67 3)
or by a direct fit independent of Equations 1 and 2, as

= 20 +130 | x 107" (4)
X _|: (M*)mb :|

These correlations were made to provide empirical rela-
tions of the susceptibility as a function of concentration
and temperature. The theoretical expressions (6) do not,
for the most part, fit the experimental data within one
to two orders of magnitude.
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Vapor-Liquid Equilibrium Data for the

Binary Systems Methanol-Benzene and Methyl Acetate—Methanol

ISAMU NAGATA

Department of Chemical Engineering, Kanazawa University, Kanazawa, Japan

Isobaric vapor-liquid equilibrivm data are presented for the binary systems methanol-
benzene and methyl acetate-methanol at 1 atm. The experimental data were well

correlated with the van Laar equation.

BINARY vapor-liquid equilibrium data are presented for
two combinations involving methanol as one component
at 1 atm. A Colburn still was used to obtain experimental
data. Each set of binary data shows a positive azeotrope.
The data are compared with the existing literature values.

EXPERIMENTAL

Methanol, C.P. grade, was fractionated through a labora-
tory glass column with McMahon packings. Benzene, C.P.
grade, was purified by repeated recrystallization. Methyl
acetate, C.P. grade, was refluxed with acetic anhydride
and then distilled through a packed column. The distillate
was shaken with anhydrous potassium carbonate and redis-
tilled. Table I shows the experimental properties of the
purified chemicals compared with literature values.

A Colburn equilibrium still was used. Boiling tem-
peratures of mixtures were measured by a calibrated copper-
constantan thermocouple and a Yokogawa P-7 poten-
tiometer. The accuracy of temperature measurement was
within +0.05°C. Since the atmospheric pressure changed
during experimental runs within a range of +1.8 and -8.2
mm. of Hg from 1 atm., observed temperatures were cor-
rected to 1 atm. by applying the Clausius-Clapeyron equa-
tion. Compositions of binary mixtures were determined
using an Atago Abbe refractometer. Refractive index
reading could be done with an accuracy of 40.0002 at
25°C.

Table I. Properties of Materials

Boiling Point, °C.  Refractive Index, 25°C.

Material Exptl. Lit. Exptl. Lit.
Methyl acetate 56.8 56.8(6) 1.3587 1.3589(6)
56.9(13)
Methanol 64.7 64.65(13) 1.3263 1.3266(14)
Benzene 80.1 80.1(13) 1.4979 1.4979(1)
418

RESULTS

The liquid phase activity coefficients were calculated from
the following equation of equilibrium for ith component

eyiP = yixfit (1)
The fugacity coefficient ¢: is given by

P
Ing=—3 yBi-Inz 2
v T

The virial equation of state truncated after the second
term is used to evaluate the compressibility factor z

=7 =

N N
z 1+ 2 > yyBijv (3)
i=1 =1
The second virial coefficients B; and B; and the second
virial cross coefficient B;(i # j) were calculated from cor-
relations based on a theory of corresponding states (7,
8, 9).
The liquid phase fugacity in the reference state fi* is

PL o £ exp <%) (4)

The reference fugacity for pure components are calculated
by

v P; > 5)

[’ = ¢iP} exp <— BT
where ¢! is the fugacity coeflicient of pure vapor ¢ at tem-
perature T and saturation pressure P;. The three-param-
eter corresponding state correlation of Lyckman et al. (5)

allows calculation of ¢/
log ¢} = (log ¢}) ° + wi(log ¢! (6)

where «; is the acentric factor and (log ¢})° and (log ¢)*
are generalized functions of reduced temperature.
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Table II shows vapor pressure data for methyl acetate.
The present data and those at pressures greater than 1
atm. (12) were used to evaluate constants of the following 10
equation (Table III).

C
InPatm)=C+ —— + CT+CT*+CeIn T (7
C3+T

Vapor pressure data for benzene and methanol were taken
from the literature (I, 10). Table IV presents binarv eaui-
librium data. The experimental data of Williams et al. (I5)
for methanol-benzene are probably not so accurate as the
current measurements. Black (2) has correlated binary
equilibrium data of alcohols and hydrocarbons with the 5
aid of the modified van Laar equation given by

)-:
S
A 2
10%71=A'<1+ x1> +E, &
Xy ™
Bxa\? n
X
logv:=B/(1+2) + B ® 8
X
: >
=
2
=
E =cjx(xi — %)) [3()& -x)(1 - x) + 2x;] 2 ! ! 1 ] L L1 ) ]
His analysis is considerably extensive, so that his calculated © 02 04 0.6 0.8

. T
results for methanol-benzene at 1 atm. may provide a sound MOLE FRACTION OF METHANOL

criterion as to whether the present data are thermo-
dynamically consistent or not. Figure 1,A shows a compari-

Table 1. Vapor Pressure of Methyl Acetate

t, °C. Mm. of Hg
35 329.8
40 4042 L 1 L L L L L L i
45 4915 0 0.2 0.4 0.6 08 1.0
50 591.5 MOLE FRACTION OF METHYL ACETATE
55 712.8
56.8 760.0 N , .
Figure 1. Activity coefficient vs. composition diagrams
. A. Methanol-benzene, A = 0.9176, B = 0.7225, c1» = 0.1050 (2)
Table Ill. Constants of the Vapor Pressure Equation B. Methyl acetate—methanol, A = 0.412, B = 0.422, ci; = O
Constants Methyl Acetate ~ Methanol (10) Benzene (1) O Experimental
— Caleulated
C, 115.524640 49.951322 9.267536 aleviate
C, —7240.831400 -5970.8229 -2788.5064
Cy 0.0 0.0 -52.36
C, 0.020397 0.004250 0.0
Cs 0.0 0.0 0.0
Cs —17.300005 —5.792000 0.0
Table IV. Equilibrium Data at 1 Atm.
Methanol(1)-Benzene(2) Methyl Acetate(1)-Methanol(2)
t,°C. X i Yi Y2 el ®2 t,°C. X i Y1 vz @1 @2

76.5 0.010 0.128 8.347 0.987 0.984 0.966 63.3 0.026 0.086 2.683 0.973 0.956 0.957
71.1 0.028 0.263 7.395 1.006 0.976 0.965 62.1 0.045 0.129 2.415 0.991 0.955 0.956
62.7 0.088 0.455 5.544 1.049 0.966 0.967 60.6 0.076 0.200 2.326 0.997 0.955 0.955
62.0 0.109 0.475 4.798 1.060 0.965 0.967 58.9 0.140 0.292 1.948 1.014 0.954 0.954
59.9 0.179 0.530 3.533 1.109 0.962 0.968 58.3 0.160 0.319 1.898 1.022 0.954 0.953
59.3 0.226 0.538 2.908 1.181 0.961 0.969 57.3 0.196 0.362 1.817 1.041 0.953 0.952
59.1 0.311 0.554 2.192 1.290 0.960 0.969 56.0 0.297 0.452 1.563 1.078 0.953 0.951
58.6 0.399 0.566 1.821 1.444 0.960 0.969 54.9 0.388 0.507 1.393 1.164 0.952 0.950
58.4 0.438 0.573 1.655 1.553 0.959 0.970 54.4 0.476 0.560 1.275 1.239 0.952 0.950
58.4 0.529 0.597 1.426 1,751 0.958 0.971 54.0 0.564 0.607 1.182 1.351 0.952 0.949
58.3 0.575 0.603 1.330 1.919 0.959 0.971 53.8 0.672 0.672 1.106 1.511 0.952 0.949
58.4 0.634 0.615 1.225 2.154 0.958 0.971 53.3 0.830 0.776 1.052 2.032 0.951 0.948
58.4 0.715 0.643 1.135 2.569 0.957 0.973 55.0 0.899 0.847 1.001 2.178 0.953 0.949
58.9 0.811 0.694 1.058 3.271 0.957 0.975 55.9 0.953 0.905 0.980 2.801 0.953 0.949
59.7 0.866 0.737 1.018 3.864 0.956 0.977

60.7 0.912 0.795 1.002 4.444 0.956 0.981

61.7 0.939 0.831 0.978 5.117 0.957 0.983

62.9 0.970 0.896 0.973 6.168 0.957 0.987

VOL. 14, No. 4, OCTOBER 1969

419



°C

L L
0 0.2 0.4 0.6 0.8 1.0

TEMPERATURE ,

L 1

—L ! L
04 0.6 0.8 1.0

.
0 0.2
MOLE FRACTION OF METHYL ACETATE

Figure 2. Temperature vs. composition diagrams

A. Methanol-benzene B. Methyl acetate-methanol
Experimental Experimental
(o] Nagata (o] Nagata
[ ] Shirai and Nakanishi [ ] Dobroserdov and Bagrov
Calculated A Bushmakin and Kish
— Black Calculated
- Nagota

son of experimental and calculated activity coefficients. The
calculated values were obtained from the constants
estimated by Black at 1 atm. Figure 2,A shows that
observed equilibrium data are in closer agreement with
the calculated data of Black (2) than are the data of
Shirai and Nakanishi (11). Equilibrium data for methyl
acetate-methanol at 1 atm. have been published in the
literature (3, 4). A diagram showing activity coefficient
vs. composition is given in Figure 1,B. The present
experimental data agree well with the data of Dobroserdov
and Bagrov (4), as shown in Figure 2,B. The following
are azeotropic data, interpolated from smoothed equilibrium
results.

System X t,°C.
Methanol(1)-benzene {2) 0.610 58.3
Methyl acetate(1)-methanol (2) 0.672 53.8
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NOMENCLATURE
A, B, ¢, = van Laar constants
B;, B, = second virial coefficients
Ci, Cs, Cs,
Ci, Cs, Cs = constants of vapor pressure equation
E:. = additive function of van Laar equation
f! = fugacity of component i in the reference state
" = reference fugacity for pure liquid component i
P! = saturation pressure of pure component i, atm.
P = total pressure, atm.
R = gas constant
t = temperature, °C.
T = absolute temperature, ° K.
v = molar volume of vapor mixture, cc.
v¢ = liquid molar volume of pure component i, cc.
x; = liquid phase mole fraction of component i
y; = vapor phase mole fraction of component i
z = compressibility factor
v. = liquid phase activity coefficient of component i
‘f; = fugacity coefficient of pure component ¢
ggg i%)) . ¢ = generalized functions of reduced temperature
e; = fugacity coefficient of component i
w: = acentric factor of pure component ¢
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