
SEPARATION OF MIXED TRIGLYCERIDES 

Triglycerides tend to be attracted by polar solvents 
according to the degree of unsaturation. I t  was assumed 
that the selectivity of the furfural-rich phase, as compared 
with the n-heptane-rich phase, for triolein, trilinolein, and 
the related mixed triglycerides, is geometrically proportional 
to the number of unsaturated carbon linkages in the 
molecule. The ,distribution coefficient for dioleolinolein 
between the n-heptane-rich phase and the furfural-rich 
phase would be 9.5 a t  70°C. in dilute solutions. The 
corresponding figure for dilinoleo-olein would be 7.5. The 
selectivity of the furfural-rich phase for the latter would 
be 1.26 in dilute solutions. 

The separation of an  equiweight mixture of dioleolinolein 
and dilinoleo-olein into one mixture containing 90 wt. % 
of the former and 10 wt. 70 of the latter and another mixture 
containing 10 wt. ’% of the former and 90 wt. 7’0 of the latter 
is calculated to require 37 theoretical stages or about 
three times as many as for the similar separation of 
triolein and trilinolein. The amounts of solvenb would 
be 340 lb. of furfural saturated with n-heptane and 40 lb. 
of n-heptane saturated with furfural for one lb. of feed. 
These quantities are about three times those for the separa- 
tion of triolein and trilinolein. 

Separation of Triolein and Trilinolein in the Presence of 
Mixed Triglycerides. A mixture of triglycerides in which 
the acid groups are oleic acid and linoleic acid in equal 
amounts and in which these groups are randomly distrib- 
uted between the molecules (2) would consist .of 17% 
triolein, 33% dioleolinolein, 33% dilinoleo-olein, and 17% 

trilinolein. Since the molecular weights of oleic acid and 
linoleic acid are nearly the same, this relation is true for 
both a weight basis and a molar basis. On assumptions 
previously made, the same separation of triolein and 
trilinoelin is calculated to require 12 theoretical stages, 
or the same number as before. The one product stream 
would contain 31 wt. 9% triolein, 46 wt. 7% dioleolinolein, 
20 wt. 70 dilinoleo-olein, and 3 wt. 70 trilinolein, and the 
other product stream would contain 3 wt. 7% triolein, 20 
wt. 70 dioleolinolein, 46 wt. 70 dilinoleo-olein and 31 wt. % 
trilinolein. Both compositions are on a solvent-free basis. 
The amounts of solvents required would be 420 lb. of 
furfural saturated with n-heptane and 50 lb. of n-heptane 
saturated with furfural per lb. of triolein and trilinolein 
in the feed. 
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Vapor-liquid Equilibria for the Methanol-Toluene System 

D. E. BURKE, G. C. WILLIAMS, and C. A. PLANK 
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Vapor-liquid equilibrium data have been determined at one atmosphere pressure for 
the methanol-toluene system using a modified Altsheler still. A thermodynamic 
evaluation proved the data to be consistent. A minimum boiling azeotrope is formed at 
0.885 mole fraction methanol and a temperature of 63.6”C. Refractive index- 
concentration data have also been determined for this binary system. 

MIXTURES OF METHYL ALCOHOL and toluene 
are used in chemical processing. Because these solvents 
are frequently recovered or repurified by distillation, 
columns designed for this operation require a knowledge 
of the binary vapor-liquid equilibria. 

A review of the literature indicates only one set of 
vapor-liquid equilibrium data for this binary system ( 2 ) .  
I n  an attempt to duplicate and extend the data of Benedict 
and coworkers, a somewhat different set of values were 
obtained and are reported in this investigation. 

The data were obtained at  one atmosphere pressure and 
were found to deviate considerably from liquid phase 
ideality. A minimum boiling azeotrope is formed by this 
binary system a t  0.885 mole fraction methanol and a t  a 
temperature of 63.6” C. A thermodynamic evaluation 
proved the data to be consistent. The experimental results 
are given in Table I and the temperature-composition 

and x-y curves are shown in Figures 1 and 2, respectively. 
The activity coefficient-composition curves are shown in 
Figure 3. The refractive index-concentration data experi- 
mentally determined and used in the analytical procedure 
are listed in Table 11. 

EXPERIMENTAL 

Materials. Both materials were of analytical reagent 
grade. The toluene had a quoted boiling point range of 
110.4-110.7° C., but the equilibrium boiling point was 
experimentally determined in the apparatus of this investi- 
gation to be 110.6” C. Prior to use the methanol was distilled 
over calcium oxide and its boiling point was found to be 
64.6” C., the accepted literature value. The refractive 
indices (ng) of the methanol and toluene were found to 
be 1.32691 and 1.49428 a t  25” C., respectively. These values 
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Table I. Experimental Data for Methanol-Toluene 
a t  760 mm. of Hg 

Mole Fraction Methanol Activity Coe5cients 
Temp., O C. X I  Yl Y l  Y2 

110.60 0.000 0.000 1.OOO 
89.90 0.046 0.519 4:566 0.945 
84.80 0.058 0.627 5.194 0.878 
80.40 0.070 0.704 5.630 0.819 
74.75 0.094 0.777 5.666 0.773 
71.30 0.114 0.793 5.417 0.831 
69.70 0.132 0.801 5.018 0.865 
66.75 0.234 0.813 3.215 1.028 
65.75 0.330 0.822 2.396 1.162 
65.10 0.439 0.828 1.861 1.375 
64.15 0.675 0.842 1.277 2.261 
63.70 0.830 0.866 1.087 3.730 
63.60 0.870 0.878 1.056 4.459 
63.70 0.930 0.912 1.022 5.950 
64.10 0.974 0.957 1.008 7.707 
64.60 1.000 1.OOO 1.000 . * .  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

MOLE FRACTION METHANOL 

Figure 1. Temperature-composition curves 
for the methanol-toluene system 

fall within the range of values reported in the literature 
for these substances a t  25" C. 

Analysis. The vapor and liquid equilibrium samples were 
analyzed by measuring their refractive pdex  a t  25" C. 
For this purpose a curve of refractive index us. concentration 
was plotted from measurements with samples of known 
composition (Table 11). A Bausch and Lomb precision 
refractometer was employed in which the fifth decimal 
place of the refractive index was estimated, i .e. ,  &0.00003 
units. The temperature of the prism was maintained a t  
=k0.05° C. by a precision constant temperature bath. This 
equipment yielded analyses with an estimated maximum 
error of h0.03 mole % absolute. The data are reported to 
the nearest 0.1 mole %. 

Apparatus and Procedure. The experimental equilibrium 
runs were carried out in an Altsheler still (1 ) .  The temper- 

ature of the boiling mixture was measured by a No. 28 B&S 
guage copper-constantan thermocouple located approxi- 
mately one inch above the surface of the liquid and 
directly above the Cottrell pump ( 3 ) .  The e.m.f. of the 
thermocouple was measured with a Minneapolis-Honeywell 
potentiometer which could be read with an  accuracy of * 3 microvolts. This is equivalent to an  error in temperature 
of &0.03" C. The equilibrium temperatures are reported to 
the nearest 0.05" C. The pressure was maintained constant 
in the system to within f l  mm. Hg by a No. 6 Cartesian 
manostat. 

The still was initially charged with 300 cc. of a binary 
mixture and operated for a t  least four hours to insure 
the attainment of equilibrium. The criterion for equilib- 
rium was a constant boiling temperature for the particular 
mixture. Analyses of the vapor-liquid equilibrium samples 
were made immediately upon completion of a run. 

RESULTS 
Vapor and liquid concentrations, equilibrium tempera- 

tures, and acitvity coefficients for the binary system are 
listed in Table I. The activity coefficients were calculated 
by the following relationships which ignore vapor phase 
nonideality. 

Y l  = c y 1  ..I / ( X I P I )  (1) 

Y ?  = CY? ..I / (XZPZ) (2) 

where 1 = methanol 
2 = toluene 

10 
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MOLE FRACTION METHANOL IN LIQUID 

Figure 2. Vapor-liquid equilibrium curve 
for the methanol-toluene system 

Table 1 1 .  Refractive Indices of Mixtures 
of Methanol-Toluene a t  25" C. 

Mole Fraction Refractive Mole Fraction Refractive 
Methanol Index Methanol Index 

0.0000 1.49428 0.7289 1.40986 
0.0967 1.48772 0.7663 1.40112 
0.2246 1.47775 0.8426 1.38158 
0.3527 1.46562 0.8861 1.36870 
0.4829 1.45033 0.9296 1.35390 
0.5312 1.44370 0.9685 1.33997 
0.6037 1.43268 1.0000 1.32691 
0.7025 1.41497 
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The vapor pressures for methanol and toluene used in the 
calculations were obtained from the Handbook of Chemis- 
try (6) and Dreisbach ( 4 ) .  

The calculated activity coefficients based on experimental 
data are plotted us. methanol concentration in Figure 3. 

2 2  

/ 

- 02 @METHANOL 

.TOLUENE 
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YOLE FRACTION YETHANOL IN LlOUlD 

Figure 3. Activity coefficient-composition curves 
for the methanol-toluene system 

The In y l  curve exhibits a maximum at approximately 
0.085 mole fraction methanol while the In y 2  curve exhibits 
a minimum a t  the same concentration. In  addition, ;it a 
concentration of 0.5 mole fraction the value of In 7 ,  is 
greater than that of In y2 .  This relationship is necessary 
for thermodynamic consistency since the value of In y ?  at  
x1 = 1.0 is greater than that for In y ,  at  x1 = 0. The values 
obtained in this investigation for In y and In y 2  a t  x: = 0.5 
were 0.503 and 0.438, respectively. The data of Benedict 
and coworkers yielded corresponding values of 0.477 and 
0.531, respectively. An additional thermodynamic check 
was made of the experimental data using a modification of 
the method of Redlich and Kister (6). The Redlich-Kister 
equation which is given below applies only to isothermal 
data. 

J’ln: dx, = 0 (3) 

Herington ( 5 )  extended the method tot include isobaric 
data. In  this case the integral of Equation 3 does not 
equal zero and the condition necessary for thermodynamic 
consistency is: 

D < J  (4) 

where D is the percentage deviation from zero of the 
quantity calculated in Equation 3. D is calculated as 
follows: 

where I is the sum of the absolute values of the areas 
calculated by Equation 3. 

The quantity J is a function of the over-all boiling point 
range of the system and is defined by the following equation: 

1501 81  

T m i n  
J=- 

where 6 is the over-all range of boiling points of the system 
and T,,, is the lowest measured boiling point of the system 
in degrees Kelvin. 

For the methanol-toiuene system, D = 4.99 and J = 20.95. 
Hence, the data are thermodynamically consistent. 

Corrections for vapor phase nonideality by the nethod 
suggested by Benedict ( 2 )  were found to be of the same 
order of magnitude (1% or less) as the data available for 
such calculations. Hence the corrections were not made. 
These corrections would result in a slight increase in the 
activity coefficients for toluene and a slight decrease for 
those of methanol. 

Comparison of the x-y data (Figure 2 )  obtained in this 
investigation shows it to be consistently higher than that 
reported by Benedict and coworkers. The largest deviations 
occur in the dilute methanol region with a gradual con- 
vergence of both sets of data in the high methanol range. 
Such behavior could result if the batch technique employed 
by Benedict failed to yield equilibrium values for the 
increasingly methanol dilute experimental runs or if any 
material losses had accumulated. 

NOMENCLATURE 

D =  
J =  

P,  = 

T m i n  = 
x, = 
y >  = 
7, = 
8 =  
7 r =  

Icl = 

pqrcentage deviation from zero in the Redlich-Kister test 
function of boiling point range and boiling temperature, 

vapor pressure of pure component 1 at equilibrium 
temperature, mm. of mercury 
lowest measured boiling point of the system, ’ K. 
mole fraction of component i in the liquid phase 
mole fraction of component i in the vapor phase 
activity coefficient of component i 
over-all range of boiling points of the system, ’ C. 
total pressure on the system, mm. of mercury 
sum of the absolute values of the areas calculated in the 
Redlich-Kister test 

(150(0/ / T m m )  

Subscripts 

1 = methanol 
2 = toluene 
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