
Further, another relationship between A and B (Figure 3) 
is given by 

A = 0.1456 e-21.62 x w . 6  (3) 

The following equation is obtained by substituting Equa- 
tions 2 and 3 in Equation l :  
pmix = 0.1456 e[(l/T) - 21.62 X 1O-y  (1097 f 1286xl.'') (4) 

For associated liquids, the relationship between log pz 
and 1 I T  becomes slightly curved; in the present case this 
relationship resulted in straight lines. This may be due to 
negligible effect of association of n-butanol in the range 
of temperatures studied. 

By means of Equation 4, viscosity data at any given 
temperature and composition of the binary mixture can 
be predicted. Viscosity data predicted through Equation 4 
compare well with experimental data (Table I I ) ,  and the 
average percent deviation is 2.3. 

Nomenclature 

A, 6 = constants in Equation 1 
T = absolute temperature, O K  

x = composition, mole fraction n-butanol 
pmix = viscosity of mixture, CP 
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Total Pressure Method: Binary Systems 
Cyclohexane-n=Pentanol, -n=Heptanol, and -n-Octanol 
Doan Cong Minh and Maurice Ruel' 
Chemical Engineering Department, Sherbrooke University. Sherbrooke. Que.. Canada 

Vapor-liquid equilibria for the binary systems 
cyclohexane-n-pentanol, -n-heptanol, and -n-octanol 
were obtained by the total pressure measurement 
method. Isothermal and isobaric vapor-liquid equilibria 
were calculated by numerical methods. For the 
isothermal conditions the calculations were performed at 
10°C intervals between 70' and 1 3OoC while for the 
isobaric conditions, they were performed at 400, 600, 
760, and 900 mm Hg. The excess free energy was also 
calculated under all these conditions. 

The total pressure measurement method consists of 
measuring the total pressures as a function of the com- 
position of only one of the phases (usually the liquid 
phase) at constant temperature. The composition of the 
other phase is calculated with the help of the Gibbs-Duhem 
equation. The main advantage of this method is the great 
reduction of the experimental work involved. 

In previous papers by the.same authors (2, 31, the Ra- 
malho and Delmas method (5) has been improved and 
also extended to calculate numerically. isobaric data. This 
modified method has been used in performing the neces- 
sary calculations in this work. A brief description of the 
method used to calculate vapor-liquid equilibrium data 
has been filed with the ACS Depository Service. 

The method of calculation was fully described in previ- 
ous articles (2, 3). The average deviation of the results 
obtained by calculation when compared to reliable exper- 

'Present address, Environmental Emergency Branch Environment Can- 
ada, Fontaine Building, Ottawa, Ont., K1A OH3, Canada. To whom corre- 
spondence should be addressed. 

imental data was well within 1% and the maximum local 
error never exceeded 1.5%. 

Experimental 
Apparatus. The apparatus used in this investigation is, 

with some modifications, essentially the same as the one 
used elsewhere (4, 6). The overall experimental setup is 
illustrated in Figure 1. Four ebulliometers of the Swietos- 
lawski type were operated in parallel at the same pres- 
sure to speed the collection of data. With a vacuum 
pump, the ebulliometers could be operated below atmo- 
spheric pressure and operation above was accomplished 
by using a high-pressure nitrogen cylinder to create the 
desired pressure. Pressure is finely controlled by a Cart- 
esian manostat. Quartz thermometers were used to mea- 
sure temperature with a precision of f0.02°C. Pressure 
was read with a manometer coupled with a cathetometer. 
The precision in the measurement of pressure was f0.5 
mm Hg. A quieting reservoir was incorporated before the 
manometer to eliminate the fluctuations in the manome- 
ter owing to the boiling of the solution. The liquid mixtures 
were prepared by weighing appropriate amounts of the 
components. The precision in the composition was 
fO.OO1. 

Full descriptions of the apparatus with detailed de- 
scriptions and precisions of the equipment used can be 
found elsewhere ( 7  j .  

Materials. All the materials used were of the chromo 
quality standard 99+ mol YO. The density and index of re- 
fraction of these materials were measured and are given 
in Table I. They were used as received without further 
purification. 

Journal of Chemical and Engineering Data, Vol. 18, No. 1,1973 41 



Table I. Propertles of Experimental Materials 

Substansea Supplier 

Index of refraction at 25% Density, 25°C 

Exptl Lit. (7) Exptl Lit. (7) 

Cyclohexane Fisher Scientific 1.4239 1.4235 0.7750 0.7739 
n-Pentanol Matheson, Coleman and Bell 1.4072 1.4079 0.8120 0.8112 
n-Heptanol Matheson, Coleman and Bell 1.421 7 1.4225 0.8200 0.8186 
n-Octanol Fisher Scientific 1.4277 1.4276 0.8237 0.8223 

aChromo quality standard, 99+ mol % , 
i 

I 

M S  - C A R T E S I A N  M A N O S T A T  

VI to V7 VALVES 

R I  ond R p - Q U I E T I N G  
RESERVOIRS 

VACCUM PUMP C A T H E T O M E T E R  

Figure 1. Ebulliometers and peripheral apparatus 
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Figure 2. PTX values for the system cyclohexane (1)-n-pentanol (2) 
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X l C y c l o h r x a n e )  

Figure 3. Vapor-liquid equilibrium at 
constant temperature for the system 
cyclohexane-n-pentanol 

X(Cyc1ohexane 1 

Figure 4. Vapor-liquid equilibrium at 
constant pressure for the system cyclo- 
hexane-n-pentanol 
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Figure 5. Vapor-liquid equilibrium at 
constant temperature for the system 
cyclohexane-n-heptanol 
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Figure 6. Vapor-liquid equilibrium at constant pressure for the 
system cyclohexane-n-heptanol 
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Figure 7. Vapor-liquid equilibrium at constant temperature for 
the system cyclohexane-n-octanol 

, 

Figure 8. Vapor-liquid equilibrium at constant pressure for the 
system cyclohexane-n-octanol w m r - r - m  

Results. PTX data were determined and are tabulated 
in Table I I ,  and Figure 2 illustrates a portion of the exper- 
imental data obtained for one system. Experimental de- 
terminations were carried out for the complete concen- 
tration range at intervals of 0.1 mole concentration. 

Isothermal vapor-liquid equilibrium were calculated 
from 70' to 130°C at l0'C intervals. Isobaric data were 
also calculated at 400, 600, 760, and 900 mm Hg. Red- 
lick and Kister consistency tests were performed and 
were well within 1% for all systems studied. The test, 
with this procedure verifies only the accuracy of the cal- 
culation and not the consistency of the data since the 
Gibbs-Duhem equation is used in this method. Figures 
3-8 illustrate some of the calculated results. A complete 

w m r - r - m  
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set of calculated data have been filed with the ACS Mi- 
crofilm Depository Service. 

Nomemclature 

GE = excess Gibbs free energy, cal/g-mol 
x1 = mole fraction of the more volatile component of a 

y1 = mole fraction of the more volatile component of a 

y1,yz = activity coefficients for components 1 and 2 in 

qh,$~ = coefficient of correction for nonideality of the 

T = total pressure, mm Hg 

binary mixture in the liquid phase 

binary mixture in the vapor phase 

the liquid phase 

vapor phase for components 1 and 2 
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Vapor-Liquid Equilibria in Mixtures of Water, n-Propanol, and 
n-Butanol 

Richard A. Dawe,’ David M. T. Newsham,2 and Soon Bee Ng 
Deoartment of Chemical Enoineerino, Universitv of Manchester Institute of Science and Technology. Manchester, M60 
lob, U . K .  

Measurements of vapor-liquid equilibria in the systems 
water-n-propanol and water-n-propanol-n-butanol at 
atmospheric pressure are reported. The results for the 
ternary system have been compared witb those predicted 
from the binary mixtures using the equation of Renon and 
Prausnitz. Agreement is very satisfactory. Densities and 
refractive indices of the binary and ternary mixtures at 
25°C are also reported and the excess volumes of binary 
mixing have been calculated. 

This paper reports the results of measurements of 
vapor-liquid equilibria for the systems water-n-propanol 
and water-n-propanol-n-butanol at atmospheric pres- 
sure. Enthalpies of mixing for these systems have pre- 
viously been reported (5, 6) and liquid-liquid equilibrium 
studies have also been published (70).  

Vapor-liquid equilibria in the system water-n-propanol 
have been extensively investigated ( 7 )  and this system is 
therefore suitable for testing the performance of the equi- 
librium still used in the present work. No measurements 
of vapor-liquid equilibria in the system water-n-propanol- 
n-butanol have previously been reported. 

Experimental 
Materials used in this investigation were purified as de- 

scribed in ref. 5 and 6. 
For the measurements of vapor-liquid equilibria, an 

equilibrium flow still similar to that described by Vilim et 
at. (74) was constructed. This instrument has the advan- 
tage that it avoids recirculation of the condensed vapor, 
which enables reasonably precise results to be obtained 
in a short time (15 min). The still used in this work dif- 

fered from that of Vilim et al. in that the thermometer 
well was designed to accommodate a 50-ohm capsule- 
type platinum resistance thermometer (Rosemount Engi- 
neering Co. Ltd.) and the vacuum jacket that insulated 
the equilibrium chamber was extended to include the 
droplet separator (Figure 1)  in order to minimize thermal 

I ‘I 
1 I  

’Present address, Department of Chemical Engineering, University 
of Leeds, Leeds, U.K. 

To whom correspondence should be addressed. 

Figure 1. Equilibrium chamber  of the  flow still 
A, thermometer weli; B, vacuum jacket; C, droplet separator; D, to vapor 
condenser; E, 3-mm capillary; F, to liquid cooler; G, Cottrell pump; H, 
boiler; J. float-valve; K ,  reservoir 
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