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ABSTRACT 

This thesis presents information on the binary 

system benzene-methyl alcohol. The system is shown to 

be of a minimum boiling pOint type and does not follow 

the no~l laws of solutions. 

iv 

Expe:rimental procedul'es and apparatus are described 

for the dete~ination of several physical property curves 

for the mixture. Complete data and curves are presented 

for densities, refractive indices, boiling pOints, and 

vapor-liquid equilibriums. Specific heat curves are in­

cluded but are considered to be of doubtful significance. 

Further work 18 indicated on the latter data as well 

as the equilibrium enthalpy relationships of the system. 
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INTROOOCTION 
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Several theoretical methods are now employed tor 

the dete~ination ot the number ot plates necessarr in 

a distillation design problem. Ot these, the more fre­

quently used are the methods of Lewis (5), McOabe and 

Thiele (1), Smoker (7), and Ponchon and Savarit (6). 

2 

Although each method bas its advantages, each also 

has its limitations. Theoretically, the system ot Ponchon 

and Savarit is the most accurate when used on systems 

having a simple equilibrium diagram of the type represen­

ted by the system benzene-toluene. 

To date, however, the method has not been employed 

on a system having a constant boiling mixture such as 

benzene-methyl alcohol (methanol). 

The data necessary tor the use of the method ot 

Ponchon and Savari tare: 

1. Liquid composition versus vapor composition 
(equilibrium diagram) 

2. Equilibrium compositions versus temperature 
(boiling point diagram) 

3. Oomposition versus enthalpy of liquid and 
vapor equilibria. 

The disadvantage ot this method is that, in prac­

tically all cases, the larger part ot the necessary data 

is not available. Neither is there any published liter­

ature dealing with the application of this procedure to 

a system exhibiting a constant boiling point in its e­

quilibrium curve. Hence, the problem of this thesis is 
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to obtain the preliminary data on the system chosen, 

to furnish information in the published literature, and 

to allow an initial investigation of the application of 

this procedure. 

This prelim1nary investigation involves determinations 

of densities, refractive indices, bo1ling pOints, liquid­

vapor equi11bria, and specific heats for mixtures of benzene 

and methanol of all concentrations. 
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HISTORICAL 
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Previous to the publication of the method of dis­

tillation calculation as set forth by Ponchon and 

Savarit, the most frequently used method was that of 

McCabe and Thiele. This method is based on several a-

5 

ssumptions which may be incorrect in many applioations. 

These assumptions, however, are normally taken care 

of in a factor which is called the plate efficiency. Be­

cause this method is so rapid and because only the equi­

librium diagram is necessary for its application, it has 

met with considerable aoceptane by the engineering pro-

tession. 

Several ot these assumptions are 

(l) Constant molar overflow 

(2) Zero heat of mixing 

(3) Zero radiation loss 

(4) Sensible heat changes through the tower are 
negligible in comparison to the latent heat 

(5) The algebraic sum ot (2), (3), and (4) is zero. 

The process ot distillation is one ot the t~nster 

ot heat tram a vapor to a liquid. Hence, it can be seen 

that the first assumption is incorrect unless the molal 

latent heats ot vaporization of the components are equal. 

As would be expeoted, therefore, the McCabe and Thiele 

method shows greater deviations for systems in which the 

latent heats of vaporization differ greatly than tor 

systems in which these heats are more nearly equal. 
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It also can be seen that a true analys1s ot the 

problem ot separat10n by d1st1l1ation should be built 

around the assumption of constant enthalpy trom plate 

6 

to plate. The method ot Ponchon and Savarit assumes that 

the mass heat transter from plate to plate is a constant. 

From this assumption the method ot Ponchon and 

Savar1t was developed in which the compos1tion ot liquid 

is plotted against the enthalpy ot the liquid and compo­

sition ot vapor is plotted against the enthalpy ot the 

vapor. 

This method has been proven to work tairly well tor 

systems having a Simple boiling point diagram, such as 

benzene-toluene, nitrogen-oxygen, and ammonia-water. To 

date no work has been dane on the method as applied to 

systems having a minimum boiling mixture, such as benzene­

methyl alcohol. 
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MATERIALS 
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The materials used in the experimental work of this 

thesis were C. P. grade methyl alcohol obtained from the 

Peaslee-Gaulbert Paint Company and Reagent grade benzene 

obtained from E. H. Sargent and Company, Chicago, Illinois. 

These were purified for use by triple distillation 

through a glass packed distillation tower. In each of the 

distillations heads and tails of about 10% were discarded 

and the final product of benzene and methyl alcohol dis­

tilled entirely within a range of O.loC. 

The specifications for these materials are: 

Benzene 

Experimental I.C.T. 

Color Water white 

Odor Characteristic 

Density 0.8724~5 

Boiling 80.10 C 
Point 

1.5016
29 

Methanol 

Experimental I.C.T. 

Water white 

Non-pungent 

0.7865§5 0.79l0~ 

64.loC 64.loC 

After purification the methanol was kept in a bottle 

closely fitted with a rubber stopper and the benzene was 

stored in a bottle closely fitted with a cork stopper 

wrapped in tin foil. 
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EXPERDmNTAL 

PROCEDURE AND RESULTS 
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1: Determination of Denslty versus Composltion Values. 

A standard Westphal balance was used tor the deter­

minatlon ot this data. Samples ot the following composi­

tions were made up with a Mohr pipette graduated to 0.1 

cc and placed in clean d~ test tubes closely titted with 

tin toil wrapped stoppers. 

Sample Volume Per Cent Volume Per Cent 
Number Benzene Methanol 

1 100 0 

2 90 10 

3 80 20 

4 70 30 

5 60 40 

6 50 50 

7 40 60 

8 30 70 

9 20 80 

10 10 90 

11 0 100 

The samples were placed ina water bath kept at 250 

+ o.soC. The westphal balance was then checked against -
distilled water at 250 * o.soC and set to correspond with 

that in the International Critical Tables (2). 

A sample was taken trom the bath, and the approximate 

density quickly determined with the balance. The sample was 

replaced in the bath tor at least ten minutes and the bob 
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of the balance dried thoroughly. The' density was again de-

termined, this time more accurately and the sample again 

replaced in the bath. This procedure was repeated until the 

density checked to the fourth decimal place for each sample. 

These data were collected and are shown in table I. 

The plot of these data both as density versus mol per 

cent composition and as density versus volume per cent 

composition is shown in figure 1. 

2: Determination of Refractive Index versus Composition 
Values. 

An Ab~ refractometer was used for the determination of 

this property. The same samples used for the determination 

of the composition versus density plot were used for this 

phase of the procedure. 

A water supply was prepared at a temperature to main­

tain the refractometer at 250C. Then the water from this 

supply was run through the refractometer and the temperature 

of the instrument kept at 250 ! 0.50 C by regulating the rate 

of flow. 

Each sample was placed in the water supply for at least 

ten minutes before its refractive index was run. At this 

time the sample was removed from the bath and a dropper im­

mersed in the tube. This first dropperful of sample was 

discarded and a second quickly taken. 

This material was then inserted between the ground 

glass plates of the refractometer and the refractivb index 
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TABLE I -
Average Densities and Ref~aotive Indioes of Benzene-Methanol Mixtures 

Sample Volume % Volume % Mol ~ )(01 ~ Density Ave:ra~e 
No. Benzene Methanol Benzene Methanol at 25°0 !!Jl at 5°C 

1 0 100 0 100 0.7865 1.3264 

2 10 90 4.81 95.19 0.7960 1.3429 

3 20 80 10.21 89.79 0.8040 1.3595 

4 30 70 16.29 83.71 0.8128 1.3765 

5 40 60 23.28 76.72 0.8230 1.3942 

6 50 50 31.25 68.75 0.8320 1.4121 

7 60 40 40.60 59.40 0.8410 1.4296 

8 70 30 51.50 48.50 0.8495 1.4471 

9 80 20 64.50 35.50 0.8576 1.4640 

10 90 10 80.10 19.90 0.8653 1.4809 

11 100 0 100 0 0.8724 1.4967 

I-' 
t\') 
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determined to four decimal places. The original sample was 

replaced in the bath for an additional ten minutes to bring 

it to 250 t 0.50 0. 

The refractometer was dried with lens tissue and the 

process repeated on the same sample. This was continued 

until three readings were obtained which were within 0.0003 

of each other. These were recorded and the arithmetical 

average taken as the refractive index of the sample at 25°0. 

The process was repeated with all samples and their 

refractive indices determined in the same manner. 

These data were collected and are shown in table I. 

Graphically they are plotted both as refractive index versus 

mol per cent composition and refractive index versus volume 

per cent composition in figure 2. 

3: Determination of Boiling Point Diagram (a). 

A. Theory of Othmer Boiling Point Apparatus 

In order to prepare the boiling point diagram and 

hence the equilibrium diagram, it is necessary to employ a 

unit of the Othmer type or its equivalent. 

The unit, see figure 3, is a closed circuit with a con­

denser atone point. Vapor from the bolling liquid in the 

system is condensed and returned to the main charge. This 

process continues until the composition of the vapor leav­

ing the main body of the liquid is the same as that of the 

liquid overflowing from the well below the condenser. At 







17 
this point the temperature of the system is a constant, and 

the system is in equilibrium. Samples of the boiling liquid 

and of the condensed vapor are obtained and their composition 

determined by means of the refractive indices of the samples. 

B. Procedure 

The apparatus was set up as shown in figure 3. A mix­

ture of purified benzene and purified methyl alcohol was 

placed in the bottom of the container at A. Heat was ap-

plied here, and the vapor was condensed in the condenser 

B and collected in the reservoir O. The lead to this well 

was run almost to the bottom so that the addition of more 

condensate caused the liquid at the top to overflow and a 

continuous change of material in the well was the result. 

The tube D to the condenser was completely enclosed 

by a vapor jacket to el1minate droplets in the vapor. In 

this manner, the vapor reaching the condenser was assured 

of being in equilibrium with the liquid in A. The temperature 

of this vapor was determined by means of the 0.10 0 ther­

mometer placed at E. 

As the condensate overflowed from 0, it was returned 

to A so that in time, the composition of vapor leaving 

the liquid was the same as the composition of the liquid 

overflowing from the reservoir. This was shown by the 

constant read1ng on the thermometer. By taking samples 

from 0 and A, the vapor in equilibrium with the liquid 

was obtained. The composition of these two mixtures were 
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then determined by means of thei~ refractive indices at 

25 0 0. These values when compared with the plot of retrac­

tive index versus composition resulted in the composition 

ot the samples. These compositions were plotted against the 

temperature at which the system was in equilibrium to ob­

tain two pOints on the boiling point diagram. 

By adding a slight amount ot one material the run was 

repeated and another two points obtained on the curve. This 

was repeated until sufficient points had been obtained to 

define the curve definitely. The data taken from this pro­

cedure are shown in table II. 

The plot of vapor composition versus temperature and 

of liquid composition versus temperature is shown on fig­

ure 5. 

4: Determination ot Boiling Point Diagram (b). 

A. Theory 

Before the vapor portion ot the boiling point diagram 

was determined for mixtures containing less methyl alcohol 

than that in the constant boiling mixture, the Otbmer app­

aratus was damaged beyond use. Hence another method for this 

determination had to be devised. 

The method proposed to obtain the data for this curve 

was one employing the following system: 

A mixture of purified benzene and purified methyl al­

cohol was placed in a small flask and slowly heated. Sam-
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TABLE II 

L1quid-Vapo~ Equ11ibria by the Othmer Apparatus. 

)(01 % Mol % 
Run Average nn Average nn Methanol Methanol 
No. Temp. of vapor of liquid in vapor in liquid .. 
0-1 62.86 1.3450 1.3301 92.0 97.7 .I ,i 

0-2 59.30 1.3952 1.3570 73.5 87.6 J '" 

0-3 59.20 1.3978 1.3610 72.0 86.0 :- /" . 

0-4 58.50 1.4069 1.3740 68.5 : ~, 81.2 '. J' 

0-5 57.70 1.4160 1.3957 63.9 73.0 '( , 

0-6 57.50 1.4216 1.4190 61.0 (52.5 

0-7 59.80 1.4285 1.4564 57.0 36.5 

0-8 57.80 1.4280 1.4770 57.2 18.0 lJ 

0-9 60.80 1.4395 1.4880 49.5 5.0 

0-10 78.00 1.4931 1.4972 4.5 0.0 

0-11 58.30 1.4340 1.4830 57.0 17.0 

0-12 58.70 1.4359 1.4861 55.75 13.2 

0-13 62.80 1.4429 1.4908 52.50 7.75 

0-14 67.30 1.4557 1.4947 42.25 /1 ~' 2.5 

0-15 77.60 1.4791 1.4970 21.0 0.0 

0-16 58.60 1.4349 1.4910 57.5 7.0 

0-17 58.00 1.4311 1.4660 58.5 34.0 ' I _ 

------------------------------







ples were taken through a short lead tube run through a 

condenser. The temperature at the start of the sample and 

at the end of the sample were recorded. 

22 

Since the heating was slow, the lead tube short and 

insulated, and the samples taken were small, the average 

temperature could be plotted against the average composition 

of the sample as shown by means of the refractive indices of 

the samples. This resulted in reproducible data which gave 

the vapor curve of the equilibrium diagram to the left of 

the constant bO,iling mixture. 

B. Apparatus 

The apparatus used for this determination was set up as 

shown on figure 4. It consisted of a 500 cc round bottom 

flask at A. A 0.2°0 thermometer was placed at B. The lead 

tube 0 was as short as possible. It was also slanted down­

ward to insure no return of any condensate to the flask. 

Heat was applied at D. The condenser was water cooled and 

led directly to the graduated receiver F. 

o. Procedure 

A mixture of purified methyl alcohol and purified ben­

zene was prepared which contained slightly less methyl al­

cohol than the constant boiling mixture. This mixture was 

placed in the flask A. This was slowly heated and the vapors 

conden sed atE. 
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As the distillation progressed, the distillate was coll-

ected in the graduate at F, and when four cc had been accumu­

lated, the graduate was replaced with one that was clean and 

dry. This sample was then transferred to a clean, dry test 

tube and labeled. The temperatures at the start and finish 

of the four cc were also recorded as read at B. 

When the temperature in the flask l~d risen to within 

about 0.50 0 of the boiling point of pure benzene, the run was 

stopped. 

The compositions of the samples were then determined by 

means of their refractive indices at 250 C. The data for this 

set of runs are shown in table III. This composition was then 

plotted against the average temperature at which the sample 

distilled over. 

This procedure resulted in the vapor curve of the boil­

ing point diagram. 

5. Determination of Equilibrium Diagram. 

A. Procedure 

In order to prepare this plot of liquid composition ver­

sus vapor composition at equilibrium, it was necessary only 

to plot the compositions of liquid and vapor as shown in the 

boiling point diagram. This plot is shown in f1gure 6. 

6. Determination of Plot of Specific Heat versus Composition. 

A. Theory 
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TABLE III . 
Temperature-Vapor Equilibria of Boiling 

Benzene-Kethano1 Mixtures 

AveNge 1101 ~ 
Run No. ~empeNture Average np Methanol -
BP-l 58.0 1.4313 58.5 

BP-2 61.4 1.4390 53.8 

BP-3 63.1 1.4460 49.3 

BP-4 67.1 1.4582 40.4 

BP-5 69.7 1.4677 32.5 

BP-6 72.4 1.4777 22.6 

BP-'1 74.4 1.4838 16.0 

BP-8 76.1 1.4890 9.8 

BP-9 '17.1 1.4921 6.0 

BP-10 7'1.6 1.4946 2.7 

BP-11 78.0 1.4951 2.0 

BP-12 78.3 1.4960 0.9 

BP-13 78.5 1.4961 0.8 

BP-14 78.6 1.4966 0.1 





The specific heat of a liquid is defined as the heat 

necessary to raise a unit mass of the material one degree 

in temperature on some temperature scale. 

Thus, by adding a known amount of heat to a known a­

mount ot liquid and recording the temperature rise, the 

specific heat could be calculated. Heat was added by means 

of an electric coil with a voltmeter and ammeter inserted 

in the circuit. A rheostat was also used to control the 

voltage drop across the coil and the current through the 

coil. 

The heat was added for a known length of time as shown 

by a stop clock. Losses in the system were calculated by 

means ot a standard liquid of known specific heat in the 

calorimeter, as explained subsequently. 

B. Procedure 

In order to determine the enthalpy of the liquid a 

standard set-up was employed (3). In this set-up, a weighed 

amount of pure material whose specific heat was accurately 

known, was placed in a calorimeter equipped with a 0.20 0 

thermometer, motor driven stirrer, and heating coil. 

26 

The coil was connected across the terminals of a d-c 

source of supply and a voltmeter and ammeter inserted in the 

circuit along with a carbon plate rheostat as shown in 

figure 7. 

The current was allowed to run for five minutes during 

which time the initial temperature was recorded, the voltage 





and current kept constant and recorded, and the maximum 

temperature recorded. 
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At the end of five minutes, the current was cut off 

and the stirrer allowed to run for an additional five min-

utes in order to determine the loss. The drop in temper­

ature during the second five minutes was added to the rise 

during the first five minutes, and the total used in cal­

culating the heat capacity of the calorimeter at the av-

erage temperature of the run. 

The equation is, 

(E)(I)(t+ 
(4.182)(3 ) 

where E = potential drop in volts, 

I = curren t in ampe re s , 

.1 T::: rise in first five minutes 
minutes, 

t = time of heating in seconds, 

m = weight of liquid in grams, 

drop in second five 

Op ; specific heat of liquid in gram calories per 00. 

In this equation everything is kno\m except (O~W) 

which can be calculated. See table IV. When the calibration 

was run on methyl alcohol, benzene, and toluene as a check, 

the specific heat of a mixture of benzene and methyl alco­

hol could be determined. 
t Then with the known value of (OpW) the specific heat of 

the mixture could be calculated at various temperatures. The 

same procedure was used and the same data were taken. These 
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TABLE IV 

Calorimeter Calibration with Toluene_ Benzene, and Methanol 

Run No. CO-l 00-2 00-3 00-4 00-5 00-6 00-7 CO-8 

Material '1'01. '1'01. Be. Be. Be. Ale. Ale. Ale. 

E 1.8 1.82 1.54 1.47 1.5 1.53 1.52 1.52 

I 3.0 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

'1'1 29 41 26 50 60 25 38 46 

'1'2 32.5 43.95 29.05 52.3 62 27.5 39.85 47.7 

'.rav • 30.75 42.50 27.5 51.65 61 26.26 38.9 46.85 

drop 0.25 0.45 0.15 0.7 1.0 0.1 0.55 0.7 

IlT 3.75 3.4 3.2 3.0 3.0 2.6 2.4 2.4 

t 300 300 300 300 300 300 300 300 

m 203.5 203.5 175.4 175.4 175.4 156.3 156.3 156.3 

Cp 0.407 0.412 0.414 0.437 0.444 0.601 0.618 0.627 

0' W 
P 

20.4 21.1 23.4 21.3 22.6 20 30.4* 30.5* 

* ~ese values were obtained neglecting the 10s8 of heat by 
vaporization of 0.4 grams of methanol per hour or a loss of 
0.033 grams per run of ten minutes. When corrected for this 
factor, the true values of OpW for these runs are 21.50 and 
21.60 respectively. 

The average value of O~W = 21.50. 



-..... ....-- ....,. -

30 
data are shown in table V. The specific heats of constant 

mixture compositions were plotted versus the average tem­

perature of the run and are shown in figure 8. 

Interpolated values of Cp were then picked off the 

curves for 30°, 400 , and 500 C. These values were plotted 

as constant temperature specific heats against varying 

compositions in figures 9, 10, and 11. Average curves were 

drawn and these assembled curves are presented in figure 12. 
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DISCUSSION OF RESUVrS 



The density-composition curves follow normal expect­

ations. The curve for volume per cent composition versus 

density is practically a straight line. This is as would 

be expected since the density is a physical property and 

since there is almost no reduction in volume upon the mix­

ing of the two materials. 

The curve tor mol per cent composition versus density 

is therefore markedly different from the first due to the 

effect of different molecular weights and densities of the 

components. 

In a like manner, the curves of composition versus 

refractive index indicate a volume per cent composition 

versus refractive index as practically a straight line. 

The curve for mol per cent composition versus refractive 

index deviates as in the previous property. 

In the case of the boiling point diagram, it would 

be expected that the minimum boiling mixture would occur 

closer to one of the pure materials than the other. This 

is because of the different nature of the two materials. 

Benzene is definitely a non-polar compound while the meth­

anol is a polar compound. 

The equilibrium diagram follows the boiling point 

diagram in that the two sections of the curve are not 

balanced. 

The erratic nature of the data in the specific heat 

runs is reflected in the curves of figure 8. It is obvious 
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that many of these points are in error and the series of 

graphical averaging plots (figures 9, 10, and 11) were 

made in an attempt to show which values could be discarded. 

Specific heats of binary mixtures should be continuous 

functions both in respect to temperature and composition. 

This graphical procedure is allowable only under these 

conditions. The results as shown in figure 12 will necess­

itate confirmations before complete acceptance is obtained. 
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CONCLUSION S AND RECOMMENDATIONS 



The plots obtained as a result of the experimental 

work of this thesis can be employed in the solution of 

distillation problems. With the addition of a plot of 

composition versus enthalpy, all the data are available 

for the solution of a distillation problem by the method 

of Ponchon and Savarit. 

It is recommended that the data of specific heats be 

substantiated by more experimental work. Several changes 

are necessary in order to eliminate some of the inaccu­

racies of this phase of the work. 
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These changes should be designed to eliminate, as 

much as possible, the loss in material as vapor from the 

system. With the present apparatus, the material loss 

amounted to only about 0.1 grams in 190 grams of mixture. 

However, on a heat basis, this is a large quantity of 

loss since the heat of vaporization is very high compared 

to the specific heat of the solution. 

L---. ______________________________ __ 
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