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ABSTMCT  

A new set of general integral tests for the thermo-

dynamic consistency of isothermal and isobaric equilibrium 

data of binary systems was proposed by E.F.G. Herington. 

The systems Benzene-Cyclohexane and Benzene-n-Propanol 

were examined using Herington integral test-. The data used 

included sets of data known to be in error. One set was, 

in effect, at true vapor-liquid equilibrium (the data of 

literature) but the other data was obtained when the system 

was inadequately insulated and heated. 

Heringtan test showed significantly different estimates 

for heats of mixing for the cases involved. The best data 

showed heats of mixing near the theoratical values. The 

data known to be erroneous showed heats of mixing at variance 

with observation. The Herington test is found to be a signi-

ficant improvement over the standard area test. 
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INTRODUCTION  

Vapor-Liquid equilibrium data are important from 

a theoretical view and for utilization in industry. 

This data can be generally calculated for ideal solutions, 

but unfortunately most solutions are non-ideal in behav-

iour. There is no way in the absence of experimental 

data at present to predict quantitatively the deviation 

from ideality. 

It is very difficult to get accurate Vapor-Liquid 

equilibrium data in the labortory. The amount of time 

spent in gathering data and the results obtained are al-

ways in doubt as the methods used need highly sophisticated 

equipment. The data published in the literature as point-

ed out by Redlich and Kister (k) is questionable. A 

number of investigators (1) have developed special techni-

ques for testing and expanding the data to improve the de-

pendability of actual data taken in the labortory for Vapor-

Liquid equilibrium of binary solutions. These techniques 

are based on certain thermodynamic functions, such as acti-

vity coefficients which measure the degree of deviation 

from the ideality. 
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In the literature, the most widely applied test 

has been, the "area test". This consists of plotting 1n724 

against composition where?/landskare the liquid phase 

activity coefficients of components 1 and 2. This test 

was developed by Bourne (5). The Gibbs-Duhem equation 

is used to check phase - equilibrium data for thermodynamic 

consistency. It is important that the consistency of the 

data be checked against the Gibbs-Duhem equation and not one 

of the integrated forms. All the integrated forms will 

produce In X curves which are consistent with Gibbs-

Duhem data. However, a particular set of data may be ther-

modynamically consistent (that is, it agrees with the 

Gibbs-Duhem equation) and still not agree with any of the 

suggested integrated forms of the Gibbs-Duhem equation. 

Pgreement with one of the integrated forms is sufficient 

to show that a set of data is consistent, but disagreement 

is not sufficient to show that the data. are inconsistent. 

In the case of disagreement, the question arises as to 

whether the disagreement is due to inadequacy on the part 

of the integrated solution or to inherent inaccuracy in the 

data. 

Since equilibrium data are always obtained at either 

constant temperature or constant pressure, a rigorous check 

on the data can be made using approximately integrated iso- 
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thermal and isobaric forms of the Gibbs-Duhem relation 

The areas above and below the line in At-= 0, should be 

equal to the equilibrium data taken at constant temper-

ature. The areas differ by an amount depending on the 

integal heat of mixing and temperature forms. All the 

integrated forms will produce in *Vs X curves which 

are consistent with Gibb-Duhem data. However, a parti-

cular set of data may be thermodynamically consistent 

(that is, it agrees with the Gibbs-Duhem equation) and 

still not agree with any of the suggested integrated 

forms is sufficient to show that a set of data is consis-

tent. In the case of disagreement, the question arises 

as to whether the disagreement is due to inadequacy on 

the part of the integrated solution or to inherent in-

accuracy in the data. 

Since equilibrium data are always obtained at either 

constant temperature or constant pressure, a rigorous check 

on the data can be made using approximately integrated iso-

thermal and isobaric forms of the Gibbs-Duhem relation. The 

•i areds abova and below the line in = 0, should be equal 

to the equilibrium data taken at constant temperature. The 

areas differ by an amount depending on the integal heat of 

mixing and temperature range (1, 6), at constant pressure. 

3 



The area test is necessary for ideality but not 

sufficient. The test shows only that the data on a 

given system are consistent. The test is no way implies 

that the data are accurate. It is a matter of some im-

portance to have either a test with indications of ac-

curacy or a way of developing accuracy using some ex-

isting test procedure. 
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PURPOSE AND SCOPE  

The criticism (5) of the area test is that departure 

from equilibrium in one part of the composition range may 

compensate deviations in another part. This is due to in-

tegrating across the whole concentration range. Then the 

area tests are satisfied but misleadingly indicate equili-

brium for the date as a whole. The tests are not always 

misleading, but it is important to recognize that at least 

three practical situations exist where the test may be 

erroneous. 

Most of the attention is given to determining the 

effect of predicted errors such as pressure, temperature 

and fractionation. Such errors exist if the vapor space 

is inadequately lagged and heated. Various types of systems 

were discussed by Bourne and two are selected for experi-

mental purposes. The first system consists of an azeotrope 

at X = 0.5 for benzene-cyclohexane. The second system se-

lected for study was benzene-n-propanol which has a highly 

non-ideal azeotrope at X = 0.78. To detect the small possible 

errors, three sets of experimental data taken by Patel (1966) 

on Vapor-Liquid equilibrium were used in this Thesis. For 

the data obtained, each introduced a different type of small 

error. The ability of different tests to detect various 
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types of departure from equilibrium then could be de-

termined. 

Most laboratory work concentrates on the effect of 

pressure, temperature and composition. The equipment 

used is complex and sensitive and there are many chances 

for errors to creep in. The principal error seems to 

be: 

(a) Inadequate lagging of the Vapor Space:  

The equilibrium data obtained by taking off in-

sulation of 2 and 3 inches in thickness from the 

body of the equilibrium still. 

(b) Maximum Boiling Azeotrope:  

At high concentrations of the lower boiling com-

ponent, the high boiling component becomes the more 

volatile constituent and has the larger activity co-

efficients due to fractionation. 

(c) Minimum Boiling Azeotrope:  

At low concentrations of the low boiling component, 

the activity coefficients of this component increased 

to values greater than those corresponding to equili-

brium. 

6 



A new set of general integrated tests for the 

thermodynamic consistency of isothermal and isobaric 

Vapor-Liquid equilibrium data on binary and ternary 

systems proposed by E.F. Herington is used to evaluate 

experimental data taken by Patel (7). These tests 

can be used to examine compositions range as the error 

in one concentration range do not cancel errors in an-

other but can be used to identify regions of poor ob-

servation. These tests can reveal the measured quantity 

is in error. 

The data is unique in that the two systems were 

studied under special conditions. For each, accurate 

equilibrium data was measured and then, deliberate errors 

were introduced by removal of insulation. The value of 

a thermodynamic test lies in its ability to defferentiate 

between good and poor data. Thus Patel's data will be 

used to evaluate Herington's proposed equation 

7 



THEORY 

Binary Solutions are considered ideal in thermo-

dynamics. All ideal binary systems should satisfy the 

following conditions: 

1. The components must be soluble in one another in 

all proportions. 

2. There should be no change in the average inter-

molecular forces of attractions on mixing. 

3. There must be no change in volume or in internal 

energy. 

L. No heat must be envolved or absorbed in mixing. 

5. There should not be any hydrogen bonding. 

All the above requirements have to satisfy the 

solation when the vapor pressure of the mixture is a 

linear function of the molar composition and expressed 

by Raoult's law as follows. 
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21 = 2°  X1 (1) 

where P1 = Partial pressure of component 1. 

P°  = Vapor pressure of component 1 in pure state 

at the temperature of system. 

Xi = Mole fraction of component 1 in the solution. 

However, the most majority of binary mixtures en-

counted in practice have vapor pressures different from 

ideal values calculated by Raoult's law. 

These non-ideal solutions are explained by difference 

in the attractive forces between the molecules of each com-

ponent in the solution. 

To compensate the deviations from Raoult's law, a 

correction factor is introduced. This correction factor,', 

is called the activity coefficient. Adding the activity 

coefficient, correction;7?„ to Raoult's law the equation for 

both ideal and non-ideal solutions becomes: 

P1 AP°  X1 (2) 

In equations (1) & (2) when 1, the solutions are 

ideal. 



The partial pressure of the component in the 

vapor phase of an ideal binary system is equal to the 

total pressure of the system multiplied by the mole 

fraction of the Component in the Vapor phase or: 

p1 (3) 

Equating and rearranging (2) & (3) equations. 

;77 
PT Xi 

Similarly for Component 2 

—4 2 Y2 
X2 

Equations (4) & (5) form the basis for determinirg the 

degree of non-ideality of binary systems, when considering 

the actual measurable properties of the system. Just as the 

assumption that vapor behaves as "ideal" gassis true only at 

or near atmospheric pressure. 

The fundamental concepts of activity coefficients equa-

tion (4) & (5) have been derived by many authors (11) from 

10 
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the fugacity of the pure component at the temperature of the 

solution. 

Accurate vapor liquid equilibrium data are difficult 

to obtain in the labortory. The method of obtaining data 

require highly developed techniques which are time consuming 

and often yield questionable results. To improve the accur-

acy of actual laboratory vapor-liquid data for binary systems, 

a number of investigators (1,31406) have developed special 

techniques for testing and expanding data. The more class-

ical of these approaches are the Van Laar, Marguls, Redlich 

& Kister and Herington (1) solutions of the Gibbs-Duhem equ-

ation. Following is the derivation of Gibb-Duhem equation (10). 

Fpt = (X1 F1 + X2 F2 + ---) Pt 

F1 =i41.  

Where F = free energy of components 

= partial free energy of components 

/C = chemical potential 

11 
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from (6) 

Fpt = (X1 K1  + X2/42 + ---) Pt (7) 

The total derivative of (6) 

dFpt = (X1 dit1 d X1 + X df6-2.,+ fi*2 dX2 +----) (8) 

At constant temp and pressure equation (8) reduces to 

dFpt = dX1 + 2 dX2) (9) 

Subtracting equation (9) from (8) 

(X1 d K1+ X2 04-2 + 

 

. 0 (10) 

 

d (RTDin Pi), equation (10) becomes 

x
1 
( ) + x2 (47,1f:L) + x3 ( 0 (11) 

'aiX4 c),N1 

Equation (11) relates the pressure (fugacities) of 

various components in the solution to one another and to 

composition at constant temperature and pressure. This 

important relationship is termed the Gibbs-Duhem equation. 



= 

where Pi is a constant at given pressure and temperature. 

Equation (12) becomes 

The activity coefficient, ci = ai 
RT 

x2(.atx22_)„ 

x 6N J11+ x 0-610(,) x e le41-31--)+ X 1 \.N4.17 \ t ter; 
 2 \ 2 

  

JX ./pt., 

A more general form of this equation in terms of the 

activity coefficients can be derived in the following 

manner for binary system: 

13 

d X
1 
= — dX2 

The equation (11) becomes: 

X 2v - X2 1 
( 12 ) 

(13) 

(15) 



xi  CA.X1 ) = 1 

14 

Similarly 

X
2 

,t4)(2,..) =1 

xl  
. x

2.27>
ivt* (16) 

The equation (16) is called the Gibbs-Duhem equation 

for binary systems. It is very useful since activity co-

efficients measure directly the departure from an ideal 

solution. 

The general form of eq (16) is written as follows: 

X1 dA X2 d //Ai 2 + .11M AM IMP =0 (17) 

(Xi = 0) pt (18) 

The more specific equation delivered by Herington 

from eq. (17) as follows: 

X
1 

d,0101 + X2 few -3)2 = 
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Xi d + d 1n-Y2 - Xi d 1n-12 = 0 

X1 (d d In 4) = d 1n '2 (19) 

The total derivative. 

d (X1 - 1012) = X1 d - X1 d 1012 + 

ln-)11 dX1 - (20) 

Rearranging equation (20) 

X1 (d lnl - d lnY2) + ln 7
1
:d X1 = d(X, (ln  ) (21) 

Substituting eq. (19) into (21) 

- d 16412 + In d X = d (X1 in 1 ) (22) ,3-2- 

Rearranging equation (22) 

In d Xl  = d + d (X In  
62 

Integrating equation (23) and taking Wats 

At X1 = 0 to X1 = I 

= 1 1-1 

(23) 

ln 7/1  dX1 = 0 

(211) 



The preceding equation is used to check the con-

sistency of the measured Vapor-Liquid equilibrium data. 

From equation (24) the total area under the curve with 

respect to the abscissa must be equal to zero, provided 

the obtained data satisfy the Gibbs-Duhem equation. 
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Activity Coefficients 

1 B jc 

410.1111,11WOW 

1.2840 1.001 

1.219 1.019 

1.1327 1.0615 

1.08219 1.1013 

1.0564 1.1458 

1.0264 1.224 

1.01379 1.2936 

1.01379 1.3488 

METHOD OF CALCULATION  

In this Section we show how Herington's equation was 

used to evaluate and test labortory data. 

Benaxe - Cyclohexane: 

This data has been obtained by M. F. Patel. (Thesis of 

M. S. 1966) at constant pressure varying temperature and 

concentration. 

TABLE NO. 1  

EXPERIMENTAL DATA OF PATEL ( 7 ) 

RUN #1 (BEST DATA)  

PRESSURE 760 MM Hg  

SYSTEM #1, Benzene - Cyclohexane  

B - Benzene C - Cyclohexane 

Ina Composition 

oc XB 

80.8 0.00 

79.5 0.12 

78.5 0.23 

77.7 0.40 

77.6 0.55 

77.6 0.63 

78.0 0.76 

78.3 0.895 

79.1 0.922 

79.95 1.00 

17 
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The heat of mixing data for the binary solutions 

at temperatures in the neighborhood of the normal boiling 

temperatures are known. The activity coefficients for 

an isothermal condition are calculated by means of the 

well-known equations connecting the temperature depen-

dance of activity coefficients with the partial molal 

heats of mixing. Generally, the required heat quantities 

are rarely available and most calculations are made using 

only the experimental boiling temperatures and activity 

coefficients for the mixtures. 

RT,SX1 d In 1 l + (HE/T) dT - VE dP = 0 (1) 

For isobaric data VE dP = 0 

d ln- 1 + (HE/T) dT = 0 (2) 

For a binary mixture equation (2) becomes equation 

(3) after rearrangement: 

Xi d 111-7 1 + X2 d ln- 2 + (HE/RT2) dT = 0 (3) 

The composition of Benzene-  Cyclohexane are plotted 

on the X - axis and ln-'J 1 and lii12 on the Y-axis as Fig. 1. 



The boiling temperatures of components 1 and 2 

are Ti and T2 and that of mixture of composition X1 is T1. 

After integration equation (3) becomes: 

Ilp + I2p + IH = KP 
where the algebric sum of the areas AFG and HJCE. 

Iip = Area AFG d 1nTl = Xid 1n)( 1 (5) 

I2p = Area HJCE =IX2 d 1n%Y2 =' X2 d (6) 
-rf 

Ace.3.. I 

Ill = 
2 

(H"/AT ) dT (7) 

and K is constant. 

Equations (5) and (6) refer to isobaric data (the 

P in Ili), I2p means at constant pressure), and the activity 

coefficients are calculated with respect to the pure components 

at the normal boiling temperatures. 

Rewriting equation (4) as: 

Iip 12p = Kp IH (8)  
The rate of change of Iip + I2p with Xi is: 

d (lip + I2p) = - E  ) (
d
dT  ) (9) 

d X1 

(4) 



The curve of lp + I2p 
against X1 becomes horizontal 

as X
1 

and X1 The term (dt) is zero at an azeo- 
dX1 

tropic composition and therefore at such a composition 

but H-  + 0 at X1 = 0 or 1 and therefore 

d Cflp + I2p ) 
0 as X1 0 or 1 

 

d 

20 

d (lip + I2p) = 0 

d 1 

The curves of Il and 12 are shown by plotting com-

position on the X-axis and ln-lon the Y-axis as shown in 

Fig. 2. The algebric signs of I1 and 12 follow from the 

definitions of these quantities and are negative for the 

data shown on Fig. 1. 

The composition of the Benzene - Cyclohexane mixtures 

are plotted on the X-axis and temperature, in °C, on the Y-axis 

as shown in Fig. 3. The shape of the composition of boiling 

point vs temperature curve is entirely different when the 

azeotrope has formed and when it is not formed. 
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The values of Ilp vary with composition and 

the heat of mixing is calculated using equation (10). 

HE =-RT2 

    

 

d (11p + 12p) 

 

(dT (10) 
d X1 

  

d X1 

 

     

where 

HE = Heat of mixing in cals/mole. 

R = Gas constant in cals  
deg (gram mole) 

T = Temperature in degrees Centigrade 

The same technique is used for the other sets 

of data. The graphs developed for these other sets 

(Figs. 4 to 18) are in Appendix "D". 
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DISCUSSION  

The area test examines the consistency of the vapor-

liquid equilibrium data using a form of the Gibbs-Duhem 

equation. According to Redlich, Kister and Tranquist 

(4), the area under the curve should be zero, if the data 

are consistent. A new set of general integral tests for 

the thermodynamic consistency of isothermal and isobaric 

vapor-liquid equilibrium data of binary systems was pro-

posed by E.F.G. Herington. This test calculates heat of 

mixing. The heats of mixing are compared to experimental 

values as a measure of the consistency of the data. The 

Herington tests seems a promising proposal. 

The systems used are Benzene-Cyclohexane and Benzene-

n-propanol and the vapor-liquid equilibrium data were ob-

tained by Patel (7). This data was collected at a total 

pressure of 760 mm mercury and over the entire range of 

concentration. The data are in groups of three; good 

data that compares well with the literature, and two sets 

of data with errors. The errors were introduced by re-

moving insulation from the equilibrium still after the 

best data were obtained. Two sucessive patches of insula-

tion were removed, one for each set of data. 

25 
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The test for vapor-liquid equilibriashould be 

able to differentiate between the good and bad. Patel 

used his data and the usual area test. He could not 

find significant deviations of area between sets and 

showed the area test was inadequate. The Herington 

test tries to evaluate the heats of mixing. The Herington 

tests can be used to examine part of the composition 

range since errors in one concentration region need not 

cancel errors in another. This test then can be used to 

identify regions of poor observation, since the isobaric 

heats of mixing calculated will differ from heats of mix-

ing from observation. 

We first checked the good data of Patel which showed 

consistency in the Gibbs-Duhem sense. The Herington tech-

nique had a similar consistency. Sets of experimental vapor-

liquid equilibrium data (from Patel) were used with Hering-

ton technique. The systems used were Benzene-Cyclohexane 

and Benzene-n-propanol at a total pressure of 760 mm mercury 

and over the entire range of concentrations. The best sets 

of data are considered first. 

Fig 1 shows the plot of ln-;4against X1 for the isobaric 

data on the system Benzene-Cyclohexane with the•  boiling 
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range shown in Fig 3. 
The area AFCE does not equal to area DBEC and the 

difference between them equals the value of the integral 

1H with T' equal to T2. The curve of lnii against X1 

has s maximum whereas the curve of 1nd2 against X1 does 

not have a minimum. 

Fig 2 shows Iip end 11p + 12p plotted against X1 

for the data shown on Fig 1. The boiling temperature 

variation for compositions from Xi = 0.2 to X1 = 0.8 has 

a very little effect on the value of Ili)  + 12p because the 

temperature variation with composition was only 4°C over 

that range. The variation in the values of 14 + 12p for 

raal systems is likely to be small as shown here. By ex-

amination, the values of Iip + 12p appear to vary with com-

position and an approximate calculation of HE shbuld be 

made by using equation (10). 

— d(Iip 12 p ) dT 
 ax 

dX1 

The total change in temperature is 4°C for the 

systems but, the change in temperature from X1 = 0.2 to 

X1 = 0.8 is 0.5°C. The initial value of dT at X1 = 0.2 

is 78.7°C. However, since HE is usually small near the 



ends of the composition range the value of d(Iip + I2p) 

dX1 
will usually not be larger at the ends of the composition 

range. 

From Fig 2, the areas AFCE and DEBC obtained by 

graphical integration are: 

At X1 = 0.2 then Ilp = In 1.25 

and X2 = 0.8 then 12p = In 1.30 mixing X1 = 0 

d(lip+ 120 

dX1  
= d(I10 d(I2p) 

 

dXl dX1  

= In 1.25  - 
0.6 

= ( 0.2231  
0.6 

In 1.30  
0.6 

- 0.2624) 

- 0.0 
- 0.0655 

From Fig 3, the area PARS obtained by graphical integration: 

At X1 = 0.2 then 

and X2 = 0.8 then 

dT = (78.20 -78.75  = 
dX1 (0.8-0.2) O. 

T1 = 78.75 

T2 = 78.20 

= -0.917°C/mole 

The final step in calculating the heat of mixing for 

the systems is from equation (10): 

28 



HE = - (1.987) (354.2)2 (-0.0655)  =47.81 Kcals  
-0.917 mole 

Doing the calculation for Benzene-Cyclohexane using 

the "poor" data, we calculate the following heats of mix-

ing: (using the same technique) 

Run , 1 -17.81 Kcals/mole good data 

Run # 2 -37.43 Kcals/mole poor data 

Run # 3 -71.12 Kcals/mole poorest data 

The test has separated good from bad in this case, 

because the heats of mixing calculated for Run # 2 & 3 are 

not likely to be in this range for relatively ideal systems. 

Doing similar calculations for the case of Benzene-n-

Propanol which forms an azeotrope (data and calculation in 

Appendix C,D & E), we find: 

Run #•1 -5.24 Kcals/mole good data 

Run # 2 -3.44 Kcals/mole poor data 

Run # 3 _2.71 Kcals/mole poorest data 

These results were calculated for the range of X, from 

0.2 to 0.8 in graphical integration. 
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The above results vary widely because the experi-

mental data included deliberate errors in runs # 2 & 3. 

The data for runs # 2 & 3 were taken after removing 2 

inches and 3 inches, thickness of the insulation from 

the equilibrium still. Thus the vapor space was inade-

quately lagged and heated. The calculated values for 

heats of mixing showed significant but inconsistent 

differences. 

The table shows that the heat of mixing of the 

low boiling component for run #1 is good but increases 

to higher values as soon as the insulation is taken off 

(2 inches thickness for run #2). The heat of mixing valu) 

decreases considerClly after one more inch thickness of the 

insulation is taken off (run #3 compared to run #2). This 

sequence was observed for both systems. 

The decreases in heats of mixing may be due to the 

development of additional reflux in run #3 of the data com-

pared run #2. In any case the inconsistent pattern of the 

heats of mixing values for runs #2 & 3 are beyond the normal 

ranges for the systems. 
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The integral test proposed by Herington for 

isobaric data is not consistent in the composition 

region where the temperature is changing rapidly. The 

test shows that the heat of mixing calculated from the 

isobaric data is quite large, when the data is not taken 

accurately. This conclusion of Herington holds true for 

our present experimental data. On the other hand the 

integral area test applied to runs #2 & 3 for both the 

systems indicates a consistency in data known to be in-

correct. Thus, the integral test indicated all sets of 

data could be accurate while the Herington integral test 

showed significant differences. 



CONCLUSION  

The area test for Vapor-Liquid equilibirium data 

is basically inadequate to decide whether or not a set 

of data is good. Herington's test seems promising and 

was tested using both good and erroneous data. 

The Herington test differentiated between good and 

poor data, but the trend was inconsistent. The test 

seems to be a real improvement over the area test. Ad-

ditional sets of data should be studied to see if the 

variation of heats of mixing is random or is consistently 

in one direction from experimental values. 
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NOMENCLATURE 

P Vapor pressure of pure component, mm Hg. 

p Partial pressure of binary system. 

X Mole fraction of liquid 

Y Mole fraction of vapor 

F Free energy of components 

Partial free energy of components 

a Activity of components 

d Differential 

Excess free energy 

HE Molal heat of mixing 

Pt Total pressure of the system, mm Hg. 

R Gas constant 

T Temperature in 0C 

T1 Boiling point of component 1 

Boiling point of binary poixture containing X1 11 mole fraction of component 1. 

T2 Boiling point of component 2 

V8 Molal volume of mixing 

Xi Molal fraction of the i th component in the liquid 
,ji 

Activity coefficient of the i th component with the 
Standard State that the pure liquid component at the 
same temperature. 

1,Xi Activity coefficient of component 1 at mole fraction 
Xi of component 1 in the liquid mixture. 

12,Xi Activity coefficient of component 2 at mole fraction 
Xi of component 1 in the liquid mixture. 
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NOMENCLATURE (Cont'd  

Subscripts:  

p At constant pressure 

t At constant temperature 

In Logarithm to base e 

1,2 Refers to components 1,2 
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PHYSICAL PROPERTIES OF THE PURE COMPONENTS  

COMPONENT REFRACTIVE 

EXP. 

250C. 

INDEX 

LIT. 

25°C. 

BOILING POINT 

(760 MM) 

EXP. LIT. 

N - Propanol 1.3835 1.38335 97.2 97.2 

Benzene 1.4986 1.4982 79.95 79.9 

Cyclohexane 1.4235 1.4235 80.8 80.7 

The physical properties and densities were also de-

termined experimentally (7) by Patel and good agreement 

was obtained with literature values. 
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TABLE NO. 2  

EXPERIMENTAL DATA OF PATEL (7)  

PRESSURE 76.0 MM Hg.  

RUN #2  

SYSTEM #1, BENZENE - CYCLOHEXANE. 

B - BENZENE 

C - CYCLOHEXANE 

Temperature Composition Activity Coefficients 

oc XB  -113 -1)C 

76.45 0.088 1.440 1.03485 

77.70 0.175 1.358 1.0432 

77.20 0.290 1.2575 1.050 

77.00 0.40o 1.1688 1.072 

76.80 0.500 1.08603 1.1499 

76.80 0.58o 1.07796 1.1677 

77.40 0.790 1.03939 1.2912 

78.20 0.890 1.0459 1.3745 

78.60 0.95 1.0310 1.4935 

79.90 1.00 0/10 ow 
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TABLE NO. 3  

EXPERIMENTAL DATA OF PATEL (7)  

PRESSURE  760 Iii Hg. 10 

RUN #3  

SYSTEM #1, BENZENE - CYCLOHEXANE 

B - BENZENE 

C - CYCLOHEXANE 

Temperature Composition Activity Coefficients 
0c XB B C 

78.9 o.oso 1.4960 1.008 

77.8 0.215 1.301 1.032 

77.5 0.332 1.210 1.042 

77.4 0.400 1.130 1.080 

77.2 0.570 1.085 1.129 

77.7 0.760 1.035 1.3117 

78.o 0.860 1.0128 1.444 

79.o 0.940 -- 
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TABLE NO. 4  

EXPERIMENTAL DATA OF PATEL (7)  

PRESSURE 760 MM Hg  

RUN #1  

SYSTEM #2, BENZENE - n - PAOPANOL 

P. - n - PROPANOL 

Temperature 

B - BENZENE 

Composition Activity Coefficients 
Oc XB B A 

77.3 0.895 1.0316 3.223 

76.7 0.800 1.085 2.571 

76.9 0.600 1.21328 1.71876 

77.7 0.540 1.5181 1.4255 

79.2 0.432 1.549 1.288 

82.4 0.290 1.8665 1.0803 

83.9 0.249 1.9020 1.0706 

85.3 0.150 2.3696 1.065 

91.1 0.080 2.552 1.0265 

93.9 0.040 2.832 1.001 



TABLE NO.5  

EXPERIMENTAL DATA OF PATEL (7)  

PRESSURE 760 MM Hg.  

RUN #2  

SYSTEM #2, BENZENE - n - PROPANOL 

A n - PROPANOL 

B - BENZENE 

Temperature Composition Activity Coefficients 
0c il3 --IA XB  

93.3 0.032 2.765 1.050 

90.0 0.075  2.6010 1.080 

85.2 0.160 2.182 1.148 

82.2 0.230 2.080 1.148 

81.0 0.290 1.922 1.162 

78.5 0.440 1.561 1.363 

77.5 0.540 1.375 1.422 

76.85 0.690 1.193 1.813 

76.6 0.792 1.112 2.361 

77.0 0.900 1.045 3.228 
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TABLE NO. 6  

EXPERIMENTAL DATA OF PATEL (7) 

PRESSURE 760 MM Hz.  

RUN #3  

SYSTEM #2, BENZENE - n PROPANOL  

A - n - PROPANOL 

B - BENZENE 

Temperature Composition  Activity Coefficients 

0c -YB -IP LB 

76.4 0.89 1.061 3.014 

76.o 0.78 1.166 2.190 

76.2 0.675 1.255  1.845 

77.05 0.535  1.441 1.615 

78.4 0.430 1.621 1.302 

81.3 0.280 1.940 1.193 

83.9  0.190 2.161 1.145 

88.2 0.110 2.322 1.097 

92.3  0.030 2.570 1.101 

46 



APPENDIX D 

11.7 



• 
- 

• 

• :-.: .... • • • • • • 
• + • 

• • . • 
... -• : .. : . • : . 

..... • 

.... •• • . • 

• 

... 

. ..... 
.. I 

... _ )... 

1 .. • 

..... -; • ..1 ;. -:;: 

1. I 
. : .... I.. 1:•• .1 . 

• ••• : . - • I • 
• .. . . ...... • ':••• . , 

. . 
.... ... ! • : • • 

• ::. : • ' I: • :7' 7:t1•177:7 7 . ... • .. .. . • . . 7 : ..... • ; . „ 
; .: I : • . • . • ; . • .... . • 

; . .! ' • ' :;:j:::'L'.:., ......  
. • 1 :  : • • I 

'"' ! ! • ' ' 
Cp • C ,•••;. 

et•C, c t• • 2__ O, 0 5- • 6,  

n -Pr i (-1 n rvf Pr,  n n 

. • . ... . : .... • ..... • • -." .. . 

• 

1::: . :: 

• I . : ' 

7":7- ':"7:7 7: • . 
' : I 

1 
• . 

.. : ....... . • . . . 

• f • 

I : . 

• : : : 
• 

::: • j !, L:i : 
• • • . ;:: . 

• t t: • 
• 

.. ...... 

. . . . . . . . 
;.••• 

: '••
• 

• : 

• 

• . • 

1 

. . . 

1. . • 1•
...  

. . 4 • ' • 

..... 
.•.- 

._. . • •• • . 

.• ..• . • . . • • 

1 

. . . 

_ • • - -• • - •• 1 .. 

" : I: • . ' ' ' , ' • t 

• - .. • • • • 

' .1 .... . _ 

. I 
. : • 

I tr 
4.; • I t. •••• 

:• 
•-•/••• 

7.E 4.• •• 

• • .• •. 

. ... .. 

• ',. 1 • • ! • 
r• • I • • : 

: : ...... 

. .1. 
I- • • - t 

• : 
• . . . 

..... • 1 • . . . 

. . . . - . .... 
: ..7. • ' .. 

7:  

•••• , 7... 
1741: 

• . 
• t 

• I ... . 
.. .... • .. • . 

... ... . . : : : 

. . ..... , . . . 
, ..... . . 

... . . . 

....... 

c:• *Je.. 

; • • ... 

.... ; ..I . ..... 

. I . 

: 

0.50 • 

C.:1••!- 

C•1,•:•• 

• 1• 



I 

! 

1•1  

.• • . • .". 

; • • • 

! • ; • • : 
• • :2. ; I !..; . • . 

: . 

... • . . • 
. • • i ; : • t ; ; ; H • 

s 
 

• ;•••••,. i • • • • " : ; ; : • • ! 

1. 1 I ' .1. 

!I 1; 

. : • •, • . : • ; : . 7 : • : ; ... :; ; . ; ;1.; ;: •t; 
. !: 

... . . , .  ' „. . .. „ ... .• . ...... : 

. , ... - ... ..... . , . : .... • I . • .. I ... . , : , r , . 

• • • : ; : ; : : ; ••• : . . , . .... 

• ••1;; ,.  • .. , , . .. . .. . .. 
... . '•::.•; .. . . • . ... ... l• ••• •••;.;;;;•• • • .;••••••• :•••;! . ... ••[•,••.•!;;; '•I 

: . ! • •;),!;.i. :1;-.. : •; .. . ' • .. . ;:':''• '• • ' ; • ••• ' ....... •: • • . II; •; . • ••• • ..• ... :.,.• . , • . ! .; ; ; 

• • ; • • ; I 

..; . .. j! •  ;' . ... ... • • • • • • . . • •-!;•:•.;!•::;/,'":• • •,. .. 

.;  .... 
;;;••••• • :•• •z:;; • .. 

• ; i•t • ;•;•;" ••••;;• . i" ; 
1•!!!1•"•I'" i!;•••I . . , 

• 1   1 . "!: :' :: .i ; ' •  ' 1 . " 
. I i .. , i ... , .. 1,44 

. - 
• •• .- ' . •• ' ;•;:i': . 11 :.;:;• . ' . :;::: .... ;• •••;, ... • . 

. • . ; : ... • • • ; : . i . ; . : • • • • : : .. , • ... '.. ; : : :.! ; fir : : :71 
;
, • • , • :-.., • • - • • • • • • : t • • •-• - -."-----i ; • ,-.: .1- , • ; ; • - : 4 : ! ' ' : ' : ' : . ' , ; • • ' ' i •  , . , : . • : ; ; : .... , .... . .. : . , : . : . : . : .. • 

• • • : ' • • ' I • • ; : ; • • ; I ! • , : • • ! , • ' : :  . ; • , • , . ; :', , .. ' : ! , ; • : . . '. : . ;: ',- !;;:. ' 1 ; ;-: ' ; i. ' ' . ''' ' . ; '. ' ' -:` ' :7: :--  

'   1 • : • ; . , . , ... : . , : : . ; , : ' ! : ; • : . : . 1 ; : ' i • ' • ; i , . . ..: : • i -......:1 

•;,•;, :•• ••••::•••'•,•.•' •• . : ; • ; • ; : ! 1 : :",:: .. :.'' ... : .. : . : : ; • ! • • ' •:."; ,. ; , . . • • , 
.. . . , . . .. ;.::: : , . , : . :.; • . ,, , .. ; .... ..... .... . . : . ... .• ....j••••J - •.......4.... • 

, • . • • . 

i : .... 
; • •I 1 • .; • !' 

:•! .. ;1
:

3 ; ; i : ij :i :„; .1.1. '; j .. •••• ;:;; .!: j I E3; • •.• I !::::::.';' • E ; ••:; .E :3 ;  • I: ; ;• i ;E; ; ; I.'• ;;;;;;;
:
: .. •'. . . :::::';'; .. 77: j1 jS1j :1••. • :1 

I - .: .....i. ::: •• ...f............,' .• . . ;:: 
: • 

:::: : 
I :: j ::. j •••• . j: • I• ..1. •• • • • 1:7 ;E  . • • • I :.' • .; •.:::::::;;I::::1 

!: . • • .• • • • :• : .... .' • • 

' . • ';: . : . • ••i • • . : • • .• •• • .1" •• i• i •  • • • 1 • :: . :  • 3 i, . . .. ;.•••• -.) . I 

i . • • :'•.••;•••• • ::••• 1 • :: ;•";.:;3."".. . ; • • • • :" 1!: • 1.. 1 ; i • • • • ;; .1:; !: ; " .. W;I:  • 1 '... .": • ; . .; • • • 3: j; " E' ll 

. • • ..... . : • • 3 .„ ... • .. - .3. • •• .... .a. 

,.....•:.. .. !: . ; . :. ,:‘   • • . • '•,,I ;. • ` • • . , .• . ,...., .,I.,, ,I.t• - 1:!:...•,• •••• .. •• ; • ;• •• ••-; .: •• • •• - ' .I.:-; -: 
1. .;••••.. i. 

. 
•• •• : I. ' •'•'-", .;•:'; • ..".; :PI:: . . ;:,•:::.„':•:.•.•••:.; ... ,, . ..! . ••••!....•;...:...;-•-••,...- • 

:;':•:•-, ..::•:;.; ii,III::IIi • .i! ,..• -II ;•11; •-•;; • ;,1I' .I •••I -.• ; :•.: • I I: I • ••• :' •, . ••:!!: ,;.;II . •• !:: 

.o- 
• !;,i;::   :•.;;.III '. .. i • .,. • I . 

. :. .;'. ...;;;I....; . : . ;; . • . ;,....II 
.•i• ,,;: • ';' '. ; ; '1! • ''' . ' . ,...1•,...... .... ;..... .. 

,,•.•;,, .' .. ...i•.:: • ;;;;:::. .. 

.... ;.. :.. .. : .. :•:-L., ;;' • ;"' 
— - ''' • ";• ! •;;•7 !;-••••••••.:;-. '...7.: ::--:i.::: . :;:: . 1 

• ;' •• • •••• • •:- '; :;:ir: '! ,  . ..: ' • - , . 

... _ .•-'; :; . . , . . ;•. ! ;;;'..;; ;: • • 

!•: 11';: : 

: . y. • . 
• .... • • . • , • • • • • 1 • • " 4 • ..•;• ..-•• 

' • . • , ... ; ; 
!-•; 

•;:; . ; . • ;• ;1; , :; ! : , 
. . .:4 . •. . : . ;.• 

• ; , , • . . : 1.:, , : I , ::14 . I . • .. . . . • ... . .. . 7.717-,.-.7-. .. . ... : .. • • 

I i-• ,•• : , 
. „:1;::1 : ; • .. . . • " - ;" - r 

 „ ; ! . .1 , , : . ; • I  : • ! ' ! : .; : : ' :; :1 . : , :211 1; 1  ::! • • : ... , . .- -,.,;.:'  ' 

,,
•• :,. ;.; ; • l., i.

, i
• ; i ...; .. .... ; ; , ; : ; ; ';

.
..i !.. I : ... ,.. .. i ..• • i ,.•..', ... ;. „: .! i 

" ; : ! ; ' • : 
. .i. - : ,.';-,---' - ; ' -i-i.! i; • • t --.'''', ;;;:!:H

:. ' k •••''........ .. .11i ......, 
' li: ' :' ,:,.; ...  

!'i: , !. • :::!•••:; 1:; i .. : . , I•••:' .' :: I :,!•'' ;• •  

• ': '; i  

1
1 •• . I ' :• '• ' '''..: !..:. 

 

I :i • I• ., :-.....:,.........., i....4 • , I i : . ; , . 1 .. i 1 . - ! t - • '",-: :---!-4  .; , t .' 1 ' 4 . , 1: • : • . : ! . : , : :1- ; : ; . ' ; :!;.•/,:i1" ' • ''t • , : ' ; ; ; ... ; ; : • • ;  1 ' • . 4 
— . 1••1••••• •.•; ..: - - -,) ,---:,- ••!:!  

l ... -i-"I''••••!,'•....:11!,!! . i . ; . : • •• •;:•;t 1 !;Th ---...--1 
, :i: ,, •• :,.,;;;,•.;,,: . • ... • ;,• ;;•• ,••.., . 

. •: •;;••••.1.1,,! '!! . : ... • ; s ;. : : ; • •• • • • ; • , 1 • ! • ; .. :" ' 

.•• .. 1'.:;.: 
• .... • •  • • , 

. . . 
• 

•• :.1 ..... 
• ' : ! 

7 . : 
.1 • • • • • • 

-:••• 
: : • ! . . 

; • . . .... ....... 
: : . • : .. , . ; . ; • . . . •.: 

: • i 

. 

I   

 

• • ; • ; : • , ' • : ; .... !; ;;: 

. . . . .. .. . .... • :•• • • ;.. 
! . • ' ; • ' i I . : • ; 

 ... ; .. . 

• ! ; .1. : , ....; ! . „ . i .. 
_1. 

-;;; :•.: ; .. : .. 

77-4' 

i ; • 

... • ; 
, . , ,..; I.  ;.. . I, ..,-1. -1.... 2 ; ... : • ... ;.. ! 7.: ; i : ; 7": I•:"..;  I•3. 

,, • !• :1.;! ; L.: .  ': .• • • •••••••.... •..1. .1*-1 

••• • • • .... : • .— i • : • • , • : i ' , .. : • -77. :•'; 
II I ;4 • •• . • : ,.! , • i ,• : 1.., _,. ! ; ; 1,, , ";-,. "-•-•,.r,...,- 

. . 
_ .. . .... ... 

....•, . . . . . . 
;:. i :•••i-,, ;•• • - i . .. . : ••• I.... , •1; ••. ... :., ..... . t ,. . • , • - • . 1--:' -....` 

, 
.. 

. . •• 
 ; •• • • . •11,...;:. ; 4 .. ' : ; ;... . • ; : : .. ; ; : ; ::: . -:';::, ; ...71 1: -''•:: ••: ...'•I .. .;; . . . : . ••••1. •' : :1... • • . . s  t,  .•;.• • • ; •• • 1 I.. . • . J.: .1:,t,•• ' . : . 1; •. • , . ! ";•`• ;;;; I::::.;;:itt,.. ••••••••• •••••;;;;;' ; I: ; ' ' ' 

j ;  ".. ; : ; • ! " • • ' • • : .., ... : • . • : • • •: I -I •••'. • , • • • • " ' • t • . • • .. ; ' , ; ; ; • 4 ; • ;  , . :  ; , , ; ;  ' ' ; ;  4 ! ; • ' ; • I.:.... i.4., 4 .-.. . , , : . • .. , ...... . ; 4. Z. .... • ! .. .. :.4 

3 t"---- ':i-71-;"' :"'t ." .— I : r''-'-';--•.--------"1. -----i-4-L. -.'"!.•:"' ; . ; ; . ',.1 :'• , ' ' , -1. --:•."•-:-'-!-%—i--: ------'4,-'- '-'' -1--' 1---,-1-1-4-1 .--- . : ! • i-".-:-7L-74-.•-'-.7-i--,--. 4----7---;-4-1, 

i ''.. * •: ; :::--:;;;:: . :; 
I I I 1 

4" ;.1. i •• •;•'!;:;•  . ;•; •.:: !:;;.•.! .::: . . .., • 111'71: . •:i;;; jI! . •;11 I • • : '1!;4': ,': - •••••-i 

' :••••-•••7 !•-•i• ' • .. • :!'• • :,.• ..I' :•••••• •; ;;':: 1 ;: . .: : •j:iiiii . 11:  .!: . , :, :!'• ! ,........:.1. -7'' ; ,••• -- -'71 
.•. • • • - ; j• ••.. s•• . .: . ••! . . •:!;;;!•, • :•:, •::... ,.,;. . !• - '11i1: :1- ;•••;•;•••••;:1•:• 1,  .. : . -, -..'''•:-,-..---i-'-•;••-••i•—,-- 

i 
. -1 .... •.::::,..,:.:......,,.,. .: 2....,; :::: ....1....•!:.....1:::.....!ii 

'; :•;.•!•••••: . 1...Cf .-I....." .... .. ••"!:;• . • ..:•': •'•'' :••.: • ',•• 1,• •;•:.•;1:: • . . • . 

' ; • 

• • . • . 

••••• ,f -Hi!:11::•;-.-1! - • 3 •1', Ir., - ...... • ; : : ,•! ,• : ; • • 
; I ' : . - ... • , . L ; . : - • • . I 3: • • 1 •  • j .. '3: 

I I 
• 

• j:; . . 

'• :3! ji •• ••  Ti : • .''' ' l' : ; , . , , , , , . .. ; , , , , ; , • , : ' : . 1 '•: • ' , ; , : , • :' , -, - - , ; .. ..... - .. ......., ; , 
• : i • : I ; .. : • : - , • , '! I.......i L..., i , • ' , 

. : , : , . . • . . . 
1 • !: I 1 I. ' ; i ' . • 

r
• I , IIII: ' 8 I • , 1 s ,: I : : • - !. • • • ; 111: : • ; . :1; I I' . I ... , : . ! • ' i I , • ' ', '  I , ' ' 1 ' - . : : • : • 

03-  

Mole fract:l or. of Benzene, X 

. . . 
: • • : : ;•• • • . . 

• 

• I • , • 
• . •:•, 

;.,•, • ,,  

';!:;::•;t ;,:• 

....  •111-1
.;

........... • ' •1'. -• • ; • i 4 •ii.. 4 't ••• s 4-1 
11  

. •. ,.1 
• : . ; ; . ; ; ; ; s • • , •  . • •  : •• • ; :.;.: I  

• . ••••• ;;;';.•"•-• :•••' • •• i" !:'••• •'••" • I . - • :' • • • : !t 
; • ' ; ; . • • - • • • • • ‘.." • • : • • • • • • • : • /•• 1 ' 1-...:. •••:•1-7:7:,-,...-;:•-•••177-•••  • • !: • • - - • . ; • . 

•1 -.;• ; • 

• : . . 
• ''" '" • 

,:!•• . . ••••' ;.! •-•;::•• • ' • • .; • •• • ; •:‘ 1 .• . . 
• 

. • I ; ... • .. : . ; s : . ; .. . ; ..; . 

• • •-•-• ;•••••• • : !;!;•• • : • ; :.; •; • • ; • • • • . . . . . 
. . . . . 

. : . z ! : . ; : ; ; ' . , i . • : • • . . i ! 
; . , • : . I 1 . : • " . , , , : ; . i . . 

• :: ; i I ; . ::: ; '• : : •... ' . : 
; ' : t ::: ::: . !. •• . : : . 

. . . , • • • • .. . . . 

' 'Th'it•ii1Wi'll!1;i.;!.; . ;;;I:::‘, • :;; • ; ! ' ;• :  



• t , • i • I  
. . . • • . . . 

• • ! 
: •• • • • .: • • • ' • . : .. • ' •.• ' ' 7'1 • 

. t); ! • : • : • • . : • : . : : : ' ' • • ' • . . : . . . . ..... . 

..... . . • • • • , 

• • : ... • : : : : : : : : : ; 
: : . : : • : • 1: : . : : : : : . : 

t• ...... • 

. . . ... . . „..  

. . ....... I .  • .. . • f 

i .. . • .. 
' . ... i : • : 1' :•": 

• 

: • • ! • : . 1 . 
. 

: : • • : : . I : : : : 
. . : ... ! . i . 

 , • ! • • • i • ..... .... 
, : r: •.• . I ;  • : 1 • • • 

! : . : ; ...  .... • • • •   . . . . 
. . 

; 
.... . , •   t • , 

• . : : ' ; . . . , ..... .•. . . . • . • 
. 

... .•. . . . •  I• . • • . . . .... .. . . . . 

. . .... . .. I , . . : .. .. . • ........ . • . . • • • 
• • : 

o 

I :  
• 

. ' 



•••••••,... • - . • . , • . .. 

: . . 
• • .• • 

L.. -.......t.:_-_:_:_:_....... . -- - 
. • . 

• ..... _.. 

7 . 
.......  .

. 
. . 

I • • • .. I • • • I • 
• • • : : • I . • _ • • . • • • , 7 . ; ! • • : I .. : :: 

••• • • I • • ! • . ; ... • • • I • • • , •   1.! 1. .. . . .. .... • .. • . ; ... .. 
.... . .... ..... .• 

.. 
• : z : .. • • : : 1._ 
• . 

. . .... . 
:!•:.: : :t 
. • .. • I • • • • 

77: 
• • • : • 1: • • 

• • . 
• ..... • ..... • . • . • • . • 

::: :: • : •.: . : • : I : "" : : •"' ;:" . • • : 
.t....,„*„•;: • : : 

L 
1 

:••• I I : '''' '' '''' r • 
:.:.! 

.. .. . 
. .. 

; .. 1 ... ; ..
. : t ::.• . 1 . • ... .. 

/ . ... . 

;• 1. . .... • 

. • ... .. • ; . : : : . :.: 7 : : : • 7: • :* : 7::. . . •./ . . . . 

: : • 
. : . ...---- ......... . 

• • • . . • . 
• • - 

. • . • • • . • • 

L.:77777 .• .-....---.. . _ - . ..... 

. ... . . . . . •  

• - . • . • • 
• - . • 

• • . • • • • • • 

. . 
_ - : : : :...: • . _ 

. _ . . . . . _ . . 

• 1 _ 

• • . . • • • . . .. . ... . . 

: •••• 
. • 

.. 1  • 
r ; . ..... .. ...... . • , 

• - • - 77. :• : : 7; 77.7;.Z.-7•:-. 

: • •-• • ! • • . . .. 
• r • " .. .... 

• . . • • . - • 

Mole fraction of Benzene, X 

-7,7:47--  • ... 

• • . • • • • - . .. : 

=:•I-7-  • 7-. 

t• 

6.11Z-• 

r I :: • • 

• • • • • • • : : 
-•• -• • • L • • . .. 

• • 4.:.• 
.. • • 

• • • • - 

• 

_ : ":t : • 7. 1 : 
.. • I I - • 

.. . I : : : • : : • . • • .. 1: • • ... • : : • • • 1 ;•: : • . , _7. •_ 
'I' .. .. 

L T • • • • • . 
. I L' • !.  

 7:••• .............. , 

••••• :•;• • ' • . :1-:1••••," 

. : 

...... 

. _ . . . . 
".* . 

... . .. . .... .. . - • 

, • ^ 
• • . • • • . - • . • 
. . • . . • • • . 

• 
••" • • I • ' ..... • • . . • • 

. • - . , .. : .. : . .. • 

L. . : 

• • • • • • : : : 7:: :.. _: • 
• - 

..... • . . • • I • 

I  : 

 . . _ 
1:: -•-t: 

... • 
• : : : : : . .  

i . ... ; • • 

1 : . 

• : : • • 
• . 

; t • •• • !: • 



• : . 

tj2 

. .. 

• 4 • 

';' -•,;(:;;;I:.‘..:.-,,,Ti',1 I ! III:1J ., ,., 

.• i  ! i.:". I i .,. Ii.:1' i .,...: 1 d.T.riL-1 i:." '._).  
•::',;::;::; ;.: :;::.::::::: 

; ..!:,4
•;,! .... ii !_;."-,•!,.•,,  

• : , , : • . , , :  • • ;::, " i ; ; . . 

: , t ! • :; : . ' . : ' : • ••• • ..... ::: ;  
: 1,--, -,.'!-!':;••;, ' • : . • . '';''Ill , i : . - ! :••'••;;;;;; . ;: !. 

' I I • : • ; : : • • • ! • — 
: , ...... : : ; : .:1

.
.,—...4..!'  7;1  • 

i 

' 

 • i t • : J... 
fir, 

 — ' 
• . ; . , • : , . , ., -I r ••• t ; ' ' .... --":•1 ; : ; ' . • i•:•::: '• ; : : . : ; : ! ! . !: i'•!•-,i ;-, •••1•""''....- 

I . I • 
_ ::: • _. 

.. ...... , : . 
: ' • • : • : .. • • f••••••••;:;.;•.;;;;• 1. •••••• 

. .. ........ . 

•••-: . ; ... • ... . : : : ... , 
• ; ! • . • 

. ; ; ; • ; 

: • I , 

• .. . 
• f !!„ 

' : .. • i i : , : • : 1 
I • . • • ; - .. I ; : ; • • :.• • ; • •••; -. - . , : : : : . , i . ' I . . . . . , . ... 

. •  . : . • ---, ' !  : .. :: ; i I . : ; : . ; ' -!' . 1!  .. .:!•, I; i : . : ! , :.; • :•-• : ! ' , ! i ! 1 1 ! ; : ' ; I. • 
.. • 

• . .— . , • . . • ; :, i ' ! • 
. : .... -.),:.;:....!,,, ::.: ,..s.,..,_:

; .. .... ii
:
!!:.1 ... ]: •,; ... 1 ,;;.!'•,..1. 

 ;
,

]•:
,

,
,

I
..
.
,..

.. :.::;;;,-• .. I
.
: 

' ! ' . ' ' : . ! :•:', . i : : .. : ' ; : 
. : . ; • : ; , : i , " ; ' • ' 

. • , 
: • ;  

. . ' . • • • • : .... ... • 

' .. : • - ••! • 
. . 

; • • ; ... 
. : . . . . . . 

.. ! . . • . : ' .. ' . •.•;• ' . 
• ! . : . • . : ; . ; : . • . , ; ;  

; .. ; ; . • , ; ' . . , . . . . 

: • ' I . • • 

I .. .  . . 

' I ! ' 1 1 . ; • • ' • . : : 
• • 4 ' 7 • .. • .. • !, • . , . : 

, t • • 1.
, 

: 
- • 

,••• 
• , • • , .. -  • ; • I .... .. • • ::„„:„; 

•.' •',;•; ,-i. • 

:  

• ; ...... 

• . I .. , • ; ; ! • : , : . , „ . , . . 
: • . i . ; .. • : • • , • : : , . i .... • .  ' '. :"::•••••::• ::. • ' • .1 
: ..  1 1 ! • : • 1, ! ! • • 1 ' ! • ' • . • : .. • : ' • ' --` • • : ' • ;- •••••• -•-•.i , • 

; !! : i : . ' . ' . . !: ! . ' ' ' :•' : ' I I • •  
!,  

I ;   : ; , •    : ! " I : ; ! ' ; . : •.. • . • 
• • ; • ..... 

• .. I . ::; 

: • . 

• ; . 1 • 

; , • 

• ... . • ! 
• '  

I . : . •.:. I 

• ' ' : ; • .... 

. . . 

• !, 

I •• 
1"s: . • 

• : i : • • ; • 
. . 

. :  

I •  : ; , ! • ; . I . .. I • 
!V; . : • ! , . 

• : .• • . . • , 
• : • • ; . 

: .. I: 1 
1 ! ; : ! • 

.. . : . 
. ; .. 

, • : : ! . : : 

. 

; . •  

i ii I • • • , 
; : • • : ' • • • ' : • ; : • • • • 

; .. . ." • . . ! • • ! . .  1  ... : ; • . • 
• • • 

' • • ;.:i :; ! .. ; ; ! : : : : • ; • . • . 
. . ; . , • • I • • • • • : • .  

1 

.... . . • . 
i ; ; , . . .. ; . • 

.... 
!!!: 1!!' ;.. 

4 ' 

• '•:•—•••i 

•3 
• 1-; • —1 • • , • • ••' • ;-:: . . 

1- ; ' r • • • • ; : 
, • - • • : I ! . . 

• : .. • ; . .. : 
; 

. . , 

• "' 

k 4 i•; I ; ! . • !.. . . ... . . : 

: : 7 .. : : • : 

•• !••'••••;••''; .. .. 
' .. • ! . 

••.. 
. . ••••••• : ; 
F1.1. 
:141 

; • :ill: H .1' : • II 
• 

C•••••f.:.  

• ;i I • 1  
• 

. : . I ' ; • 

. .. 

• , 
• . ; : : ; ; 

•;!: 
1 .. 

; ; ;11 

I ; • 4 •I . ; • : 
• ; • ... . • • . I .. .. . . ' 

I •• .. : 

: .. : ; .... • 1! .. : ; ; . I  

. ' • • ! 
; ; .. ; . • • ; ; 

• I • ; •• ••••• 
••• 

' ''';•1"1 

: . " • - " 
...... I. • ..... 

• • - 

:14 , 11.••!!!1•:;';  

Mole fraction of Benzene, X 



'•• I..: • 
. .. • • 

. .... ..• 

:.: 

•: : I: 

; . 
.... 

•"I 
: •.: • 

.• • 

"it • 

.. • . • 

. : 

• 

: - 
77;•7 

1: 

• , • • 1 • .. - • .... t •-•••• - 

I 

• • 

• :\;;;•••-•',• : 
. t .... 

. . • : . ; 7. ; • .. .1: 
.. 

.;• ... .. ..... 17' 

• . • 
.... ......  

...... . . 

• 1: : 

• • • • • • • • • • • • • • • ....... • • 
• 

• • • ... • ' •• • • • • ' ........ 

• 

• ---- • 
:71 77: 

• • s .... 

..... 

- • -.•. •.- • • 

_. . 
- 7 -.— .—_ 

. .... _ . ::..•.-711...7; : .1 •,-. . : 1 . -7:: :":". : :7: - : ' ... 7 ; .7: ..;:- :-.-r:.  - • i — - - r • - t • -I ' 

1 
_ • • _ • • • 

• 

.• . . _ 

• 

• :.: .. • . ....... 

. .... . . .... 
. ' ; " .... ' " • " 

y ....... •- .-.• • • - _., • - 
. . . . . . ....... . 

. • • ..... • • . - • .• • _ • • 

-• --,-• 

: .  • ! . ..r . • . 
... . . . ... ........ .... 

L...• .. : • : 1: 
... : - • . . : : 

• ... • • • • .. • 

7:77 ": „ „ . „ ...... ...... I . 

.. • 
: ... I ..  • : 

• • • • ... ... I.::: • •.; : 1::.: : 
1 • : •• • It'  • ::• . ... ....... ; 

.. " : • . : .. ; . . . . ...... . 
..... : .. , ... . ...... . 

........ . . . . . . 

....... 1....1::.•'  • : 
.. .
. ; .. . ... ... ; 

• ------- 

: I : ii  
• . 
-;.`r; 

1 ; 

1: 
• :.. : : • ::7.71; 

: : : : , : : : - I ::..: IT:: .1._ • :. . -...... :I... :.: 1.:: . : 
. ...7: 1;::r":::I.:::.. ''::.•1::: ' :: 7! ; !.•7:: 

••••• • - :: ..... 
1 .. ; . } .... 1... .. : : :' : I :: :. 

—   1. 
: • -- - - : 

• ::'• . ' ::, . : • ':: . : :::: 1.-•::::1.: - . i ::•.... . :.:II... " . .:- 

 .. ' ' ...... . . . - •• "••• 4-':-• ' : -1-  - ''•: ::. ...... . : :" —:. 
'::'. "........h . ' ::-::- "..1.' ••••:: . :::::.....• ••• • 
:::..'.  : .  •.:: ' ; :.••• -I . : . . ..... : .... t ••• - • • - • • 

C•1].1  
.::`:::: ...: :;_:. :.;": ": :- -::::- - ' • ::: . ' : . 1 

_ , ....... ,:;.: : : :.: : 1.-..::, • • :.:7177.::. 
_ 1. - .. - 

: ; : : : : : • : j  : ; : • • • • 
.. .. • . 

• • .. .... .... • • ; : j 
 ! • . • 

: • 

' ... ' " • j , .. ....... . .  

. : , . : ! • ... • • j : ; 

••••• : . • • .  
• ' . . 

• • 
•• ' 

 
. ' . • : : I,..:-:•:-  I:.! ..7. 1::::• •:::.--..), : , . . ,.... ..... , .. - :2 ti:.-: 

--i--,  - •... I.::::::: :..:.:•:1:.::: •.:1::.::. 

• i7.r..;;1-...!::. -1.-_: r: .;. ;::: :-.: .!'..1:;.2::.• • • - - 
... 

. ..... ... ::::::: .. : : -.-1 : ;.: :1: . :1: • ::: :::: ..i.:.-....:.t : j .  :- • : • 
- - :17 • - ..... , _.... , ..... .. ... ........ /..... .. 

......._........ , ...... ..... . ...._ ..... ...., 
... 

.. • • • . : : : . . • : • . ... 

— — — 

• ...... • 

- • _ . • • 
• . • . 

_ • •- • - • . • • . • • . 

._ • _ •• .. • . . • . 

• ... 

• - - • - 

• ..... 

• • • 

_ • • - - • - .• 

. • . • . • _ - • • 

... ..... • 

• SP. 

-77 

D 

: • : . 
-•.- -• ..... • - , • . • .. 

. . : . ' • . .... 

... . 
• 

........ ... .... . 
• i- • - • • - • - ; .. • • .... ' 

.... : ... ....... 

.. -............ .... . . 

. ..... ....... 
1:;:.-;  •:. ti -.. ..-: 

" . •--z- . '7:.:: - - • • 
..... . ... —. . : . .... 

.._:
::; ...I

L
.
:_::....t.:if

..
...t.::
.. 

 

:7.2.7t.::::17. .... ..... --- .......... . . 
:- 

1 

-..;-:-:  

.. ...... 
.....:-: •E ....-...- . il .. . .. .. ti•:......: ... 

... ... ......... . , 
_..... .. 1 ........ . 

. ,........ _ . . ; ...._1.:.:..._  . ........... . 
.....•::.11:.: .....: 

....7.. j.; •; .. 1.!-,  • .•  - :••••:-...: : : : . : . .. ;•••.,_. .. 
.. ... r.;-..-• -..4.  -..:'-.. 

.....2 1..-.1 1_. .._._._ :_.:_:-..!........:................,.. ....-._. ._.....__..... 

. ........ 
.... ! : -•'' • • • . . . . . 

:.•: 
.....I, - 

: : 1:-  • , . ; • 
: • • : 

...... • .• _ • • . 

• 

...... - • • • 

• 

• • • - 

• • ' • • t: 
• 

: 

• i ! 



— • :1 . 1..  

.. : :.; : • • 
..... • 
• ... • 

. • , - • ..... 

... 

. .... . 

. : : 
• 

• . ..... • 

i  . . 
7"1: 7  7  

. . : 

.. • . . . 
• 

.. • : .. : : !: " 

1. - 

• . • 
61 s _ s • • 

• • 
. . . 

• — • • t • .. .. 

,••• 

I..' • I • - 
' :17777. 

- 1::'••• 

• 

...... : . . 

. . 

.. .... . .... 

7 7 7 7 • 

:•• : • •' 

• 

...... : I 1 
.. ... 

. . • . • : .... 

•. • • • .... • . • . . • • .... • 

,..., 
. : : i : ; • :. :: ::•:• " • 1  
:. . : : : I.: ,..,.!. '.1.-.4.1.;:-..: 
. :::::1:::•: .. t • t 

t
I .  

• :. • 

.: ...: :. ....-12.,,_:_: • •  !. i 

,1 

: ::: • •.::: ' . I . .. . • • 

.1.• • : 

:ELL 

:; : : ' ' ; • • • • • • 

I• : s : . ! . : 

• • 
. . 

. . . . . • ! .. . . . 
• • • • ..... .... a • . 

• • • • - : • : : : : 

Mole fraction of Benzene, X 



. 1.... 
• I 

•• : ;  

.•• • •• • • • •• - 

I 
:" • . .. • 

; 1: ! • ! • : , • . : : .• • ; • I • • 

(.) 

I . ; :' • i ' : • ' ' ! ..... 
I ; 
. . _ 

I  
:-; ; ; : "": 

• "i; 1 • : • ; ; ; • 

.. • • ' 
• i • : 1 . . : . . . . . ••• 

•;; 

; •• • • 1 : • •I '• ; '.• ; I 1 • • • • - • • '• • 
..;.: .. :I . : • • • 

• i • I 

• 1 ' 
• 

I- • I 
I ! ; - ).• : • - 

' ":"':; ' :-.•: 
-;: 

.1 

 
..., : ------:" t I • : ! : - "I :' 1: i - 

: : : . ! i : : • • . 
.. • 

' 7. .. 1 .. '-' 
.. ... • 

, . . . , :.::.:. '. :"..:.; . :.. il: . , ' •; : . ; ; ; ! ; ; . 

I. 1 
I 

r:• !-!: ..:; ;.: : ' 

. I • 
: 

: . : : • ; . 

: : • : : ; : . . .... 
• i;i ; • 7 r: : ; • : : : : . • I , . - 

I• ••:: 1: 

, • I I_ • :I. 'I • l• -• - ;•.;,-,••• 

•—•• I .  • 1,  •, 

. • ! 

i . I ..• .... •• 

' • !: • • 17: - I • 

• • I 

• :;› -1 0 

. , • 

2.o 

•: 

. • ....... . 

- 
..........

... 

.. 

‘f! 

-:7:7  • r".7..":;:. 7. • 7". T77:7 . 7 
:•: !•:••• • -:* 

• ... 
0 

. • .. . ''': 

. • .. . . . .. 
. -."." '.:." ''•:-"'"••:'''''.• .. ' .''...*.-.: 

_-..: "H .' I. , ; :.:: . ,: •• 

. : ; • '' I : - .. .. . . ; 
' ; • ' ' • . i : : : ...: : t ' 1 ' -:.-: : - . ' • ''' 

. ! • 
. . .... 

- ' : " . : 
-'-'... 
:::. ' . , . : : ; • ..i ! : I !. 

•..: '. - 7.::-..-...........1-,--:.:-.......:..=-.:..t..: t.:.;-....!.....::. :-...... ,.....:-:::.:.-`..:.. 

• • ' : : ; :1 i• I : : : . . : : : ..!: , .; : ;.; !..:.!!... !..,....:;;:,-, .. : :: ::::::: ..-: .. .....:. .. .7;;:....1;:i: • .;:::!:;
;; ;...:1 •,;::::i.::. 

! : ! :.•..:!1:. 'HI,H . II:• ::. Hi, 
j...:.. 1 ' • : • : : ; ' 1 :, • • 

. . ••:•:: .. : !•: •;;; 1;: 
. , 

• • i : ' i ' : '. : I ; : ! ! : : i ! I : ; : f• •; : I ! 1 1 E. i ; : 1'1 I. , 1 

• ' • j ! 
! • " •••• I I . 

I - .1 • ;! • • ::: ' • : • • --': • ::.: 1-.: i 
' ! ; : I !:-• • : • ; ; 1; : • : I .:::. • ::-... '... :.:: ,,„1...:  

_ .... ....I.:. :,- 
.. 

-;:,-  :.. : 1-  .. ... ... .,..... ... 1,..,...,,, 

• • 1•• •• ,••• 
••.: :::••:t:.  

ii 

• •  I • "" • 7 ... " 7 

• • . : : : I " 
• 

. , .. . •I ::• 

. 1 . •.! ;IL.:• : :. • - ; : : 

:Hi!'! : : H. :1,; ,.• 
i• : 

,;:i ,..,'  
c) :: 0 a: .(')C 74 .i. 0 

••I;'' 
•:::!: -: :::•••! 

IT
1 Ci  

; :H11: .;• • 1 •' 

!ii i; I! i Ii;;I: '• 

• III IW ;;111111: 

•il.. ! 
' i; I 
"Il l 1 

SI  

• • •• • . : ;  
• 

• ; ' : ' ; 

i • 

1 ::•H • :::.1'!%, 
• 1:' ••! :! :!!! ! 

I. 
:•:. :; ::::;!. :1, ;•;:, • .! 

. : ,•• ; 1; ;;, 

!;;.• !: . !' 

LL- ,k 1 "•:`' : !' 

eft ••t 

• 



• ..... I 
• I 

. . , .. .. .. ........... 

. • • ..... • .....  ; . : : 

... ... : . : . : . • . . . 
: : : • • : ; ; I : : : • I . ; : : I : • ••• ; ; ...  ; • i • ' 

. . ........ 

... : 

..... 

:7-1 :•; * ..... 

.. ; ... ! • • 

• '•,:'•••• 7:• : 

I I • . . ....... ••.. •• 

. :•••••• 

. • • •.• 

; • • I 

-1 4  --- 

- - : ..... I .... • • I 
• • • • .... ' "  

. I .... : .... . ..... 

• I ..... " • ' 
• . ... .. . • • I • ..... • .  ,  

I : , 
. 

.. . . .. : . 
' : . : ; ; I : ; : : . . • • I . • • • •  

.. ; • • • , • . • r: • • I " ' .. • . • ' ; . : : . I ; 
. . .. 

.. , . . , .. • - . ; . • . .... , . , 
. ......... . . . . • . • ' • . • • ! . ...... . ... 

• • ! • i : ; .. • • 

.. .... ........ I • • ... . ... 
...... , . . 

. • 

.... . ... .. • . . ... • 
• .. • 

• .. 

.• 
' ...... . 

. . . 
• . , ; I . 1 . : : . . * .. .. 

.r. . .... ....... 
. . . ........ • . . . ..... ... • ........... . 

; . ' • .... • 

. ! ... : .... . : 

• , • 

 1 1  

' • . . . I j ...... , 

I. ...... ; . . ..... . .... ; 

 .. . a : .... i ... .... : . • • • • • 
t • • • . .. ! ....... . • • . 

• . . . : . • 

• t • • ; ; ;  I • • ; • 1 — • • 
. , a ... .. . . . . ... . . I . . ... 

• .. ... • • 

, ........ • • • 

......... . I  
" • • • ' . : — ; — 

• . .... ; . • 

. I : ', : i : : : i I : . .. , .... . ,_. ..... ...... .. .... ,  

, • I • • , • .: .... I • • ... • .. ; : . .. ; .... ; . . • 
• 

.... • . ....., ! . . . . , . • ........ . 
. I ; • ; • ., • • i .. ; . 

 . ., : .1 .. l • 
,......... :  - • 

; : ; ;•.; ; • • ' ..... 

• : . . : .... • . . . : ...... . 

I •  . : .. • ....... . . . . . . . . . 

. . . : : I \ • • •  I .... • •  • • • , , • • • ....... 

. .. , ...... . , .. . • . .  . 
: . : :•• • : .; : ; : I . : .. ; . , 

. : . . ; . • I . . . . ... • .. . : ; .... . . . ..... . • • • . • . . . . , .. 
- • i • . ;  .. • ; I • • • : ; • • • ....... : : I • • . : . . ; 

-7  — ... . ' ' • ' • .. ' • — • _ . 
; . . . . ... ; ..... 

. . , ; . : : ; ; •  
j : .. : . . .. I • , • ... • 

. . ......... . ........ , . 
:  I : 

• • • • . • I • ..... 
' • I  . . ..... . • .. 

.. : : I ; .. ....... • ; : • : I : ...... ......... • ; ..... • ' .. ..  ; .. ..  

: : • I ; : . . • ... : : : : : : : : • ... • • • • • • . . • . . . i '777  1 • • • . • .. • • • 

' • , • .. ; • • 
. . -

.
7

,
7'7.
.. 

.... 77.  7777:.7.:.777  

. • • 
•:: • ; . . 

. . : I ; : . . : I : • : , . .. ; . ... 
! \ • • • , 

. • . ..... • : . • \ . 1  . • . _i .. 1.1.... . . .. • : • ... . • • • • • 
..... , ; ... . . . . . . , . . . . . . : . . . , . . .. ! ........ • . . 1 , , . ; . • . 7 ..... • :• I •••. . ; —.77-771.—:—.-7-177711 

. .... • " • : .. , . 
. . . ........... 

• • ! • • . . ... , ...... ;  

. • .... • • • ...... • 

.. i • L 
2s. • : I . , . . . . . • 

: : I• . . , .. .. . : 1 . • . 
• . • . . .... . 

.. ..... 

: • . . • . . ! ... : ... ..... , .. I 

.: • .. . , 

I• • . : : i . . , ...... t . i. . : ! , ....... . 

I
' • • ' i . . . . . • .4, I : : ,• 1 - . ' • , I I  

7-771-741-, 7:—  • : 
......... 

l• 
... : ......... . . . ; . . . ; , . . . , . . . . ,  

, . '  . : . • .. 1 .. . ,  
• . . . 

I 
. r ,  

. : . is  \ , .. •I . : ... .. , • ..• „;   , . : . : 
. • : ' !  • : • . . 1 .. •—•\ • • i ' •  ' • 1 . : I :  

.......—.....---,..,.......... s . . • • ... ,.. .. ......... . .... . ....... ..,... 
..... . ..... , . . . 1 .... • . . . . : . . .., • ... ........... : . . . . 

•  
. ... . . . ...... . : . I . : .. , : . • . . • . . • . ...... . . . . . . . . ..... 1 . t . . .: . . . ..... . 
. . ..: .... , . . . ... : . • . . . . . . . . : . . • • 

• . : 

: • ... ..... : ...... ... .".71 
..... • • • • • - • • .... •! . . . . . . . • • • • ; • ..... : . 4 

• .......... 
. : : i • : • • : . ; : .. • : : 

"•• 

Mil" : •  , ... : : ; : . : ; : .  I: ' • • • ; • • ; j • • • • • • 

. • . . .. .... ; . 

.. ... • • • • • • • • .... 

. .. : . : : • 
• ........ 

-I  

• • ; •  • • ; I ; ; 
I . . 

. • ... I . 

... .... 

• , • 

: .. 

17::::'  
. . . .... .. . . . . 

• ; ; • • .... • • ) 
' • •  



—7777.77. 771-77:7 . . I • • : ,, . . 
• • : • . • ..... 

... . ...... 
. 

. : . 

( . : : . : : : : . I • . . 
. : .... 1.1.... I 

....—.-- 
1 

.. . . ... , 

• • • .. • • " • • " 

... • • • I : : : 
• : : : : : . : : I . • : • • I : : : : : : 

• : ) • 
• •...) 

-;7:7771-77 

; ••••• i i 

. ..... 
. 

; 
.;  

" • • • ......... . : : : : : : 

- 

• I 
_1..:_._.:

.. .  • :  
• I.. • 

•---• - • 
: • 

- • • . : 

• 

c. 

; • • 

• I : . 

: ... 

... • .... 
C-• ci ••• 

...... 

.. ; .... 

:  

• ..... • • • . . • . . • _ • . • 

• • . 

. : ". I' • . 
• ! • : 

• 

; . ; ..... .... ; I. • 

I :• . .:;:: : I:7 . '7 
.. : 

' 7: ..... 
; . 

• • " • • 
.• : .. . 

.. ; . . ..„. 
, ..... . , . • • .... 

G'• .3 

• L: : : : : : : : : 
• 

C Ai • 



; I 

• 
• • ' • ; • • ; ; ; • 

I • - \•. : • : : I • • ; : • ... . : I 
. I ; • ....... .. • . • .. 

. , . ft 

1: 
i I 

_ .I.. 

I ; 
„ • • • . . . 

•.• 
i • • 

1 •: 

: . 

; •: I ,  
-.:• - . 7: : • ; . • • • 

I ' I ' ' ; : : -• : • . : • : • • 

: ; • • • ! • • • • • 

. . : • : • .•I • - • :•i : : ' : : : 

• • • • • • . • . 

i I • 

, • , ! • • ; 

• • 1 • I. 1. 1) 



• . ... • • • ...... ; ;• • , • . • . ... • 
- •;. ! 1  

. • I 
. . • • . ' • . ' ; . • • ! • i • ; • • 

• 1- • • ' I • 

. . ..... 

• . • 

• ; • • • • • : ..... 

• 

• ; • ' • I  •  
. . ; ... • , . . • . : ' . • . . 
. . ..... , . . . . . . : : . . . . • • . . 

1 . 

i • • • ; : • . ... : 

. • . . . • • • ; .. .... " '  
. .. ; • ; , . ; ; ; . .... ; . ; 

• ; 1 ••• . .. ; . • • : . . •-:: • 
' : • ..... • 1 ' • ' • • ' ' . . . : . : . . 

. •  1 . • • • 

Li • •J• • • 

Mole fractfion of Benzene, X 

• • ; ... ..... : . 

I .... : 

. ... : . . 
1 . 

; ; . . ; ; . 1 . ! • . .. . ; ..... • . . • • • 

I• • • ..... • • • 

•  



. ... 
• . . .... : .. ! . _ 

'77-7.77177=f•-•- 

: 1: • : : . 
 • ' • : • • 

• • ..... 

• : • 

_•. 

• ..- --• 

• • • • ' !, : . 
: . :1:: ; • 

. : 1 :t 

77- t • :7:7 

• • • • • • • • • • :!• ;: • I • . • , • • • 

I • ' • • • : : . : • " . , 
. . _ : : : : ;*. •  
••• • • • .... 

.. .. • • : : : • i . . 
• • • • 

: 1 .7 : : ::. • 

' , ; . • : • 

• •   

...• ..... ...11717-i:: : , • • , • • •• : • • ‘• ;.• 
•-• ! •1 

_1 
•••••:•••1.• • •••

2= 
' 

: : : : : I.: 3 • : •-• [ • 

":7•717. • I.: ; . . 7 :.77, • • ' 
... . 

• ; . 
- • • • I • • • - • • -- • ' • . • . : 

• : : : • : 

C•.  

..... 
... . ... _ 
. . . 

. . . . 

• •:•: : : 
• . . ... 

: : ::.. 

..... 

. .. 
... 

.... 
.. : .... 

...... 1 

• • • I ; 
: I : • !  

t : : 



. : • • • • 
• •• •• • • • 

• •i s I :; j• . .! . . . 
..• I . 

1. : • C. • ; , • 
. ; • ••  

• '" 

. 

7.3.f) • 

:73 

. ..... ; . • •:.; 

I " • i ; • : 

• • • • 
: • 

. • • • i !! 
I 

is 
 

6A • C.. I 

• 

e' • :3 



... 

. . . 

1 

...... =17 . 1 .. ...   
. 

•••• • __, •  

! .1 .. : • 
• . 

..... 

. . . I 

... 1 

,• 
. .. : .... I 

A! • 
. . • • ... 

g : . .. . .... • • . 

. ! . 
...... ; ... 

. ; : : ... ........ . 
.... : 

, . .. 
• .... 

. ..... ... . „ j 

4 

1 
..... ...... 

l•  
.:  

r •  --,---1--  -  • - "---• ' '.7;;;;  

• 

}:.;:;••• : 1.i : : . . ; ; t • ; ; . . 

 

• : • • '  
• • , ..... 

.. .. - ' • ! • ' •  ; • 1: " 

I. .... . • • • 1: • ' 
, • ..; . ...... .... 

. . : . . . ........ 
. . .... . • 

• • ...... • • ; • ! 

• • • ! '  ; .. . •-; : j 

• • . • .. ..... ! . 
I

• . • . ; 
, 

 • 
: ' : I : : . ; ! , ...... ' . • . - 

' • " • ..... ... I  . . . , . • 
.7 .: : ' i t '. : . t • • ' • ! . . . ; .. , . .. . I - : ',.. • : : '. , ..... • ..„....,_, •,.....4___:;_i_„.. .. . ,.. . ., 

- . - 
..„.,-..— i. 

, : • • • ; • . ; . : .... ..... ... .. 
, : ....... , . . 

• • . • ; -,. - " ' ,. ..... .li ::..... ........... , • 
i  i.:'. . ! . ....!:.1 :.:.•;;::: 

. .... • • ..... 

.... . .. 1 
. . ... 

1.... .... 

• u••!••••-•-• 
1:-.7.7777. 

• :•• 

• ; • 1 • ! • • .. " 
• : • . . . ...  

• . . , ) 
. . ; .. • 

... . .. I • 

, • .. : ..... . 

. . . • , • . . g .. 

• t • 

: : : ! .. : ; : . • . 1  : 

I,. • : 
. .. 

. ; . . 

.••••• ; 

. ..... , • 
• • • • I .. • • a •, .. • 

... 
. , ... 

. • ! 

. j ... I 
• . ; . .... .. ; 

• ! ; :  
• • . • • • : ; ; : I : " • ' 

. • • • . ... 
• ...... .... • • • • 

]  
I .  . . : : : : . ! . . :  : .. • . , . 

:I. : : .1i „ : ' : : : : 1, : : : :! • 

. 1 . ; • ! : : ' ' : : : : •  1 .... 
1 . : .. . ; • ' • ' I • • • ' • • : i : : : • 
I• • ' . 

. • . , . .. 
 I I : ! ! . . . I . ! . .. ; . l'; :::•-•••••• 

1 
 ...... : . . • 

• I 

. . . 
• ; . 

... „. . , • • • 

g • ;•1•1  

. ... ..... , . ....... 
• • • • • • • j • • . ..... • ... .. •-• •• • t • - • .! •• • - 

.... . • .••• ... , .. • 

.. 1 .... I 

..... . . 

.... ; . 

• • • 1 . . : : • 

 I , ! .. !  . 

• : 1 
.. . 

: : . I ....... , 

r." 
0 

••••, 

. ....... • - 

• 

.. . .... ... . . • 

• ..   , ..... . .  

. . t • : 
... ; ... ; .. . 

: • . ! • • , • • • • • ; ; • " •  . : . • ' .... • • ! 

, . . 1 .. 
 i . . • ; • I  

• . .. 
— 

• 7 
• • • • • t • •• ...... •••• • • ••I 

'  

......... : : . : : :.;. 

.. : ... I 

: : : .. I ... . ; .. : ; .. : : . : .. : . • • • . . . , . . .. .......7.--. ..1.  

. r I 1. 

i ..... / .... : I . • . '. '. . : . ' • • 

'............ ...2. I :.. ... . . ......: '., .:.: L.!....:.1....'...; ..... ; .........i ..;........... : : . • \.. : . .... .... I ...... ...I • • 
• • i  

• ... ' . . .. i : . . 
 1 . .. . ! ... . . . . , . • • • • 

. ..... • . • • I 
• - ; • .... . 

I ... ; . 

. . . • • .......... • • 

• 1 
... ; I : . 

... 

. : 1 .. 

..... . • 
. . . . ... , . . ........ • 

. s • . • 1 • • • g 
• • 

, •  

. j .. I : ; .  1 • 1 ; • : 

: • • 
. .. . : ... . .!•,, . : . :Hi.:': :.!:: .. 1!._.,...... ..... ....._ , 

.. : : : :.; ...:". 1! : : : .. • • ; . . i • .... ; i • • • • I • • , • i  
• . . ; ..... • • • ,  

• , ... , . . . 
. ....... • ... ; . • ....... . • • -. ; : : , , . i ... , ... . • i . . . , . ' 

. . . . , .... . • . . . • 
I • 1 g 4 ...... .. 

1  : • . ' .... I • • ! : C . • • t • .. • / ......... ' 

' . I • i • . / . . • . I : ; • ! • . • ; I 

. . ... 

. . . . • . . , , • , • • • ; • • : • • . " : • ! . ! • i • • • ... : . " ; „ .. : : ; . : :": : : .. : : .1 . • ; • . I •• ..... ..... . : . 

. • . . ' ' . • . . ; • I .... 
..  

• ; '!' • - • 11 

g • '1 
: ! ..... 

g........ ; .. . • • . 

...... .. . .. ... 

.. : .. s 

. . . . 
, ..... .... ..... : • • 

. .. 

.:.•.• ..... 
. .. • . 

• •-• •-: :— • • • • ' • • • • • • : • .. 
1777777: —7.17:77.!':  

..... : • , 

1 

 ...... ; .. .... • • •• • s•••-•+ •-• 

.... i .... ; ..... . • • .... .. • • g • • • —• • i •-•:-.•••11••••-••-•  
.. • ..... •  

„ . . ..... ....... . 

...... . • . • . . . . • 
. . . .... . • . ...... • . 

. . ; : ! : • .. ; . ; .... ; • 
• • . • .7  

. • . . • . • 

.... . . .. : 
. : • ...... .. : ; . : . 

• , • . . • • 

• . . . . ..... 

... , .. 

•••: : : • .: 

• .. .7 . . . ..... 

• . • ... ...... 
. I .....: 1....• 

• . ! t . . • 

. . . . . ... . . . .. : . . .. .. . • . g • : • . " • ••• . . .. • • .4  • • 

: .: : : . • : • . : : : : : , ... . ; . , .. : ..... • .: : 
.. ....... . .... . . . : : • - : • , • • : 

Mole fraction of Benzene, X 

: : : : 7 : : i : :: : :: :"-.• ; . : I 



I\ PPEIiDIX E 

63 



CALCULATION OF RUN #2  

SYSTEM #1 BENZENE-CYCLOHEXANE  

From Fig 5, the areas AFCE and DBEC obtained by graphical 

integration are: 

At X1 = 0.2 then Ilp = In 1.30 

and X2 = 0.8 then I2p = in 1.32 

d (Iip + 12p) 

= d (I1p) -4- d (I2p) 
dX 

    

  

(ix dX 

= in 1.30 - In 1.32  
0.6 0.6 

= (0.2623 - 0.2776)  
0.6 

= 0.01533 = - 0.025 

From Fig 6, the area PQRS obtained by graphical integration 

At X1 = 0.2 then T1 = 77.75 

and X2 = 0.8 then T2 = 77.45 
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CALCULATION OF RUN A (CONT,D)  

dT = (77.45-77.55) = - 0.10 = - 0.1665 oc /mole 
dX (0.8- 0.2) 0.60 

The heat of mixing for the System is: 

(from equation (10) ) 

HE = - (1.987) (354.2)2(- 0.025) _ 
( - 0.1665) 

- 37.43 K call  
mole 



CALCULATION OF RUN #3  

SYSTEM #1, BENZENE-CYCLOHEXANE  

From Fig 8, the areas AFCE and DBEC obtained by graphical 

integration are: 

At X1 = 0.2 then lp = In 1.275 

and X2 = 0.8 then I2p = In 1.35 

d (lip + I2p) 
= d (lip) d (I2p) 

dX 

 

dX dX 

= In 1.275 - In 1.35 
0.t) 0.6 

= (0.2429 - 0.3001)  
06 

= 0.0572 = - 0.09 
0. 

From Fig 9, the area PQRS obtained by graphical integration 

At X1 = 0.2 then T1 = 77.85 

and X2 = 0.8 then T2 = 77.65 
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CALCULATION OF RUN #3 ( CONT'D)  

dT = (77.65 - 77.85)  
c44( (0.8 - 0.2) = - 0.20 

00 
- 0.333 °c/mo1e 

The heat of mixing for the System is: 

(from equation (10) ) 

H6  = - (1.987) (354.2)2  (-0.095) _ 71.12 K cats  
mole 
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CALCULATION OF RUN #1  

SYSTEM ,2, BENZENE-n-PROPANOL 

From Fig 11, the areas !FCE and DBEC obtained by graphical 

integration are: 

At X1 = 0.2 then Ilp = In 2.15 

and X2 = 0.8 then I2p = In 2.55 

d (lip + I2p) = d (iip)+d (I2p) 
dX 

= in 2.15 - in 2.55  
0.6 dX 

= (O.765 - 0.9361) = 0.1706 = - 0.2843 
0.6 

From Fig 12, the area PQRS obtained by graphical integration: 

At X, = 0.2 then T1 = 85.0 

and X2 ° = 0 then T2 = 77.9 

dX dX 



CALCULATION OF RUN #1 (CONT'D) 

dT = (77.9 - 85.0)  aa. 6.6 - 7
.6 
.1  = 13.5 %/mole 0 

The heat of mixing for the System is: 

(from equation (10) ) 

HE = - (1.987) (354.2)2 (-0.2843)  0  
( - 13.5) mole 

- 5.244 K cals  
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CALCULATION OF RUN.  #2  

SYSTEM #2, BENZENE-n-PROPANOL 

From Fig 14, the areas AFC. and DBEC obtained by graphical 

integration are: 

At X1 = 0.2 then Ilp = in 2.1 

and X2 = 0.8 then I2p = in 2.3 

d (lip + I2p) = d (1104 d (I2p) 
dX 

dX dX 

= 1n 2.1 - In 2.3  
0.6 0.6 

= (0.7419 - 0.8329)  
0.6 

= 0.091 - 0.1516 
0.6 

From Fig 15, the area PQRS obtained by graphical integration: 

70 

At X1 = 0.2 then T = 83.4 
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CALCULATION OF RUN #2 (CONT'D)  

and X2 = 0.8 then T2 = 76.8 

dT = (76.6 - 83.4)  = - 6.6 = - 11.0 °c/mole 
(0.8 - 0.2) 

The heat of mixing for the System is: 

(from equation (10) ) 

=
9
87) (94:2112.00)- 0.1516)  = - 3.44 K Gals /mole 



CALCULATION OF RUN #3  

SYSTEM #2, BENZENE-n-PROPANOL 

From Fig 17, the areas AFCE and DBEC obtained by graphical 

integration are: 

At Xi = 0.2 then lip = in 2.1 

and X2 = 0.8 then 12p = in 2.3 

d (Ip I2p) 

= d (lip) d (I2p) 

dX dX 

= In 2.1 - In 2.3  
0.6 0.6 

= (0.742 - 0.833) 
 = - 0.091  

0.5 0.6 
- 0.152 

From Fig 18, the area PQRS obtained by graphical integration: 

At X1  = 0.2 then T1 = 84.5 
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dX 
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(CALCULATION OF RUN #3(CONT'D)  

and X2 = 0.8 then T2 = 76.1 

dT (76.1 - 84.5) - 8.4 = - 14.0 °c /mole 
dX (0.8 - 0.2) 0.6 

The heat of mixing for the System is: 

(from equation (10) ) 

HE = - (1.987) (354.2)2  (- 0.152)  
( - 14.0) = 2.71 K eels/mole 
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