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VkOR-LIUID JJJILIBRL USING AN IMPROVJD OTUM1R STILL 

INTRODUCTION 

The de1n of ec1ulprient ured in the d1ffus1oni1 

operations of dit111et1on nd zbsorpt1on depends upon 

several vr1b1es. One of the most imrort:.nt of these 

var1b1es is the equilibrium rel3tlonshlp between temper- 

eture and composition in a given system. There re role- 

tively few sy'tems whose equilibrium relations can be 

predicted from known dependences of the vapor pressures 

of the pure components on temperature, such as Rsoult's 

ond Dalton's 13ws. Conversely, there are a lerge number 

oi systems whose ecu1l1br1um relations cannot be pre- 

dioted solely from theoretical considerations and must 

be obtained experimontlly. This hs led to the gethor- 

Ing of large amounts of vapor-liquid eciullibrium dta, 
much of which is of questionable eccurcy. comarison 

of dete on the some system by different investigators 

often show8 discrepancies in reported values. Fortu- 

nstely there ere several methods avell3ble by h1ch vapor- 

li(luid equilibrium data can be checked for consitency. 

edlich end Kister (14), (15) have proposed two such 

methods bred upon the use of the Gibba-Duhem equation and 

the activity coefficients of the binary components 



involved. There two methods vere ured to andyze the data 

obtained In. thic invetigct1on. 

The design and construction of equilibrium stills, 

used in the determination of vapor-liquid equilibrium 

data, can be a major source of error. Hala, et el (f3) 

have presentad s comparison of the advantages und disad- 

vantages of twenty-five stills. This comparison indicates 

that the Othmner type still has pronounced advantages due 

to esso of construction and operation. However, the corn- 

parison goes on to show that data from the conventional 

Othnier still aro usually inconsistent. 

Tohnson (7) studied three binary systems using the 

conventional Othmer still and showed thst the data from 

these stills aro slightly inconsistent when analyzed by 

the Redlich end Kister methods. Johnson's analysis aug- 

gosted that the source of error was probably due to 

non-uniform mixing of the liquid phase within the still. 

tiller (il), in. a following study, reinvestigated two of 

the systeras run by ohnson using the same Othmer still 

with a stirring meo c nism incorporated, to insure corn- 

plote mixing of the liquid phase. iller's results showed 

that thermodynamically consistent data wore obtained 

from the Othmer still hon the li:uid phase was kept 

uniforrily rixed. Houever, he experienced a great deal 
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of rnechn1co1 dirficulty, due to the delicate nature of 

the stirring mechanism uod, end it was only a 

temporary solution to the problem until a more sturdy 

stirring mechanism was designed. 

In order to alleviate the difficulties encountered 

by 1111er, a stirring mechanism of heavier design was 

utilized. in this work. One of the systems run by hiller 

was repeated ïn this work to compare the results obtained 

with the two differing types of stirring mechanism, and 

a second ystem was run to add previously unreported 

vaor-liquid equilibrium d:ta to the literature. The 

system run by Piller and ¿rohnson and reinveatigated in 

this work was ethyl acetate-ethylene diohioride and the 

new system wee carbon totrachioride-ethyl acetate. 

The experimental data were checked for thermodynamic 

consistency by two methods proposed by fedlich and 

Kister. 
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THEOR2TIOL DISCIJ3SION 

This discussion Dresents the thermodynamic basis for 

evaluating vapor-li quid. equilibrium data. 

a first approximation for the calculation of 

vapor-licuid equilibrium data the ideal vapor solution 

and ideal liquid solution laws of Dalton and Raoult, 

resectively, are combined to give 

Y117' = x1i°1 (1) 

From equation (1) lt is possible to construct the entire 

liquid-vapor phase diagram for a binary system at any 

total nressure from only the vapor pressures of the pure 

components. There cre, however, severe limitations to 

the use of this relationship. Equation (1) assumes equal 

moleoulr size and no association within either the 

liquid or vapor phases; consequently, relatively few 

binary systems can be accurately represented with it. 

To represent most bincry systems equation (1) must be 

altered to correct for the previcusly mentioned cievia- 

tions. 

In correcting equation (1) one must not lose sight 

of the physical or theoretical conditions involved; 

consequently, corrections for both the vapor and liquid 

phases will be introduced separately. 
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Nonide.i11ty of the vIor pl1ase cn be corrected by 

repùcing the pressure terrìs of equation (1) by fuoc1tys: 

Y1Q = X1fp01 (2) 

Lewis and Randall (9, p. 221, 328) have shown that the 

fugacity is a true measure of the "escaping tendency" of 

a gas und should be used rather than pressure; however, 

fugacity and pressure are essentially equal in applica- 
tions where the vapor is far from its critical pressure. 
:1or most practical purposes fugacity nd pressure are 

equal at a pressure of one atmosphere, with fugacity cor- 
rections beconing necessary as the pressure inoreaes 
toward the critical value. 

Deviations of the liould phase from idoality are 

rauch more important than those of the vapor in that they 
are present even cit low pressures and are generally of 

larger magnitude. The.e deviations are included in whet 

is known as the activity coefficient. Utilizing the 
activity coefficient and fugacity corrections equation 
(1) now apoears s: 

l%r 'jlfjO1 
(3) 



ssuming that prossure and fuacity are eq.uel at a pros- 

sure of one atmosphere: 

Y117' = 1x1P01 
(4) 

Upon rearrangement of equation (4) the activity coeffi- 

cient can be directly calculated from experimental data: 

_ylvJT 
1 - x]°1 (5) 

Likewise for the second component: 

2(i_xi)I (6) 

The activity coefficients are reLtod to ecch other 

and to the components of a system by the Gibbs-Duhein 

equation, shown in its binary form as: 

r _ in il = 
r in__21 

L 
xi 

jT,1T 
2 

[ 
x2 ]T,17 (7) 

There have been several empirical and semitheoretloal 

solutions of the Gibbs-Duhem equation proposed; aU of 

which require the use of vaor-1iquid equilibrium data 

for the prediction of activity coefficients. The three 

most cotmuonly used solutions are the equations of 

Van Laar, catohard and Haluer, and Maru1os. 
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The Von Lear der1vtion WS based on the thermodynamic 

ohngos occurring when two pure liquids are isotherm3ily 

mixed, nd involved the following ossumpticns: no volume 

changes occur upon mixing; the entropy change is equal to 

that of an ideal solution; von der 1aals equation applies 

to each of the components and to the mixture, both es 

liquids and as var;ore; end that the van der uals con- 

stants of the mixture can be caloulcted from the con- 

stenta of the pure constituents. The Van Lear solution, 

as rearranged by Corlsc:n and Colburn (2, P. 580) ajers 

as: 

A 
log = i 12 

L 
Bx2] (8) 

2 i +t3x2 2 

(9) 

A and B, which are constants at a given temperature, can 

be quickly evaluated from a plot of activity coefficient 
versus moler composition of the liquid where: at 

log V1=A and log =0; at x1=l, log S2=B and 

log =O. 

cotchard and Hemer (16) extended the methods of 

Van Lear to obtain the following set of equations: 



C 

BV 
]«_ - 1]z; 

(10) 

log 
2 

- 1] z12 
- 

[2 i]z13 

quetions (10) and (11) often give a more accurate solution 

of the Duhei equation than do the Van Laar equations. 

However the Scatohard and Hamer equations are slightly 
uoro difficult to solve. 

Jargu1es integrated the Glbbs-Duhen equation and 

dev1oned an expression for the activity coefficient of 

the conponents in a binary mixture by giving these coef- 

ficients empirical expressions. Series expressions of 

the following f oran were obtained: 

log i = (2B - ) x22 -i- 
2(Â - B) x23 (12) 

2 = (2i - 13) X12 - 2(13 - ¿) (13) 

Canson and Colburn (2) made an extensive study of 

the Van Lear solutions of the Gibbs-Duhem equation and 

found them to represent the data well on many binary 

systems and to be more convenient to use than the Lîargules 

solutions. They found that both tyres of solutions worked 

well for systems ;ri.ere and B were of the same order of 



magnitule. However, where A is two to throo times as 

large as B, the Van Lacìr equations were preferable. 

then using experimental data to calcul8te ectivity 

coefficients lt is usually necessry to employ sorne means 

of chocking the data for thermodyrwmic consistency to 

Insure vlid results. To aid in the calcuictional proce- 

dure end accurucy of reproducibility it is also wise to 

utilize some method of sxaoothing the thita. Redlich nd 

KiL3ter (l5) have proposed a method for checking the 

therniodynaimi o consistency of vapor-li quid equilibrium 

dato while at the same time sm.00thìng the experimental 

data. Not wishing to use the activity coefficients, 'l 
and '2, individually because lt would iripose the condi- 

tion of satisfying the Duhem equation, Redlich and Kister 

selected a more useful exresslon derived from Seatchard's 

excess free energy function (16) as their starting point: 

C x1 lo + (1 - x1) log 2 (14) 

The function Is zero at all points for an Ideal solu- 
tion and becomes zero for any solution when the boundary 

conditions =l et x1=l Lind '2l at x2=l are 

applied. Taking the .erivative, with respect to '1' of 

equation (14) gIves the following more useful form; 



= log T (15) 

Rewriting eqution (15) in integral ron and applying 

the boundary conditions = O at O and x2 = O: 

1 

= 

, i 

i 

log---dx1O 

JO 
(16) 

Using activity coefficients calculated fron experiments]. 

data, equstion (16) can be used to determine the thermo- 

dynamic consistency or inconsistency of the data. The 

quantity log is calculated from the oxperiraantal aotiv- 

ity coefficients and plotted versus x1. If the net area 

under this curve is not zero, within the limits of expon- 

mental accuracy, the data are thermodynamically moon- 

sistent. quation (16) Is rigorously aplicab1e only for 

conditions of constant prosure and tenperature; however, 

for practical purposes, it can be used for systems of 

small boiling ranges with little error. 

Iquations (5) and (6) mathematical definitions of 

the activity coefficients, were combined and rearranged 

by Johnson (/, p. 11) to give: 

l l (1 - x1) 

2 
(1 - y1) 

O 

( 17) 
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This relationship provides dd1tion1 lifforrn8tlon on the 

possible sources of error In experimental d!t. From 

the area plot and eauct1on (17) lt can be seen tht if 

the net are under the curve is poit1ve the rztio y/x 

is too larp,e. Conversely, if the net area under the 

curve is negative the retlo y/x is too small. In this 

way the direction of the experimental error may be shown. 

Iioviever, this method does not indicute whether the error 

is in the vapor or liquid compositions. 

A second method of examining experimente). data for 

errors as proposed by Redlich and Kister (14) which may 

disclose whether the source of error is in the liquid or 

veor composition. Àsswiin that the activity coeffi- 

cients do not explicitly depend upon t but only x gives: 

d1 [x1 

dt Lxit 

d '2 -[2 dx1 

- 
t (18) 

Logarithmic differentietion of ecuLtions (5) and (6) and 

subsitution of the results into the Gibbs-Duhom equation 

gives: 



i 

X1 i - X1 dy1 d1n.°1 din;00 -- --x1 4(1-x1) 
y1 1-y1 dt dt dt 

(19) 

which is reurrned in the form: 

dt 0.4343 (x1 - Yi) 
[ d10 _______ dy1 y1 (1 - Yi) [x1 

dt 
1 +(i - x ) 

dioC 
p 

dt 

(20) 

If equotion (20) Is sotisfied so Is the Duhem equction; 

and , ss In the case of the Duhem equation this re1tion- 

ship Is strictly applicable only under conditions of 

constant temperature and pressure. However, for practical 

purnoses it may be used over snail tem'orature rances. 

The s1oes are calculated at each experimental thìtii 

point, with equation (20) for the dew point curve. These 

calculated slopes are then drawn through each experi- 

mental point on the dew point curve. If the slores are 

tangent to the dew point curve at the points in uestIon 

the data cre thermodynamically consistent. rfl.e calculated 

slopes will be larger than indicated by the slope of the 

dew point curve if either the composition of the liquid 

Is too low or the composition of the vapor too high. The 

calculated slopes will be smaller if the converse is 

true. Jince this "slope test" Is very sensitive to error 
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In the iiu1d or vapor compositions, Redlich ond Kister 

suggest that the final ternpercture-coniposltiOn curve 

should be drawn so s to sctlsf'y the precrihed slope 

conditions even t the sacrifice of close approbch to 

the experiment1 dcta points. final check on the 

revised curve is thet the end points must agree with the 

boiling points of the pure components. ïny cdjustment 

of either the v&por or liquid compositions to meet the 

criterlan of the siope test" may indiczìte the source of 

systematic experimental errors. ;otivity coefficients 
may now be ca1cu1ted with values of the liquid and vspor 

compositions taken from the smoothed curve, with thermo- 

dynamic consistency insured by the smoothing process. 



PERIMENTL àPP..RATUS 

Jgu11ibr1uxi till 

n Othmer type continuous distillation venor-licuid 

etu1librium still was used in this work, with the acidi- 

tion of & mechanical stirrinß mechanism to insure complete 

mixing of the liquid phase. 

The equilibrium still, illustrated in Figure 1, con- 

sisted of the main body to contain the liquid phase, two 

external heating legs, a condenser, a condensed vapor 

trap, and a return leg for recirculation of the condensed 

vapor. Liquid heating was supplied by a nichronie heating 

element wrapped around the larger of the two external 

heating legs. 1ressure was controlled within the system 

by connection of the pressure tap of the condenser to a 

constant pressure system (Figure 3). thermocouple well 

(point À Figure 1) for housing a four junction thermo- 

courle was introduced as part of the glass stopper at the 

tor of the still; and vapor and liquid samples were with- 

drawn through stopcocks B and C respectively. The original 

design of the Othmor continuous distillation still was 

chanred by the addition of a 24/40 standard taper glass 

j oint in the side of the still for entry of the stirring 

mechanism. 
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The t1rr1n xneoharilsm consisted of tr1aníu1r 

bl8de of teflon loosoly connected to a ground g1ss rod 

ten niillliiieters In diameter. dimensions of the teflon 
blade were: length, four and one-half centimeters; height, 

one and one-half centimeters; and thickness, three and 

one-half millimeters. The shaft was rotated by a variable 

speed motor manufactured by the astorn Industries Corpo- 

ra t ion. 

niaroury seal was attached to the stirring shaft 

and ground less joint (Figure 2) to insure s vapor tight 

seal between the body of the still and the shaft. The 

ground glass joint was constructed so as to provide a 

bearing siirfoe, nine centimeters in length, for the stir- 

ring shaft, very small tolerance between the shaft and 

bearing surface served to revont the passage of vapors 

f rom the body of the still to the sealed chamber of the 

mercury seal. Visual evidence of this was tht no liquid 
layer formed above the surface of mercury in the seal. 

The body of the equilibrium still was covered with a 

one-fourth inch inner layer of magnesia. Nichrotie heating 

wire was wrapped around this inner layer of magnesia to 

provide compensating heating; sud cure was taken to wrap 

the stirring rod entry port with heating wire. The flask 

was then covered with a one-half inch outer layer of 

magnesia insulation. 
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resure Control iech8ni8m 

The pressure for this investiat1on ws controlled 

at 760 rililinieters of riercury. The device utilized to 

maintain this pressure v'as a cartesian diver manost1 

manufactured by the ndi Greiner Company. ir fron a 65 

pounds rar square inch source was ronitored to the systeni, 

to maintain pressure control, throughon aparatus 

(Figure 3) oonsisting of a water trap, nresure reducer, 
needle vulve, cartesian diver manostat, five g3llon 

reservoir, and calcium chloride drying tube. U-tube, 

with one le open to the atmosphere, wis filled with 

water and connected to the pressure reservoir to give 

visual indication 01' the pressure within the system. 

hen the atmospheric pressure exceeded 760 millimeters 

of mercury lt was necessary to connect a laboratory 

vacuum source to the exhaust connection of the manostat. 

The pressure within the system is estimated to be 

accurate to ± 3 millimeters of water. 

Temperature Measurement 

Â copper-constontan thermocouple, consisting of four 

junctions In serles, was used to measure the temperature 

of the vapor in equilibrium with the liquid in the still 

(point A 'igure 1). The junctions of the thermocouple 
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wore spread outwrd to rw1nta1n íood contact with the 

w811s of the thermocouple vieil nd the cold junctions of 

the thermocouple were p1cced directly in a nixture of 

crushed ice and distilled wter. 

The electromotive force ;enerted by the thermo- 

couple ws measured with a type K-2 model 7552 Leeds und 

Northrup notentiometer using a precision Leeds end 

Northrup reflecting galvanometer. 

ith due consideration mude for fluctuations in 

pressure control lt is estinicted that the temperature 

measurements are accurate to within ± O.020C. 

Refractivo Index Leasurements 

Bausch and Lomb irecision Refractometer was used 

to measure the refractive index of liquid and vapor 

samples. The accuracy of this instrument, as roorted by 

the manufucturer, is ± 0.00003. . constant temnerature 

was nointainod in the refractometer with a constant 

temperature bath manuracturod by the irocision Jelentif io 

Company. The constant temperature bath was held to 20.00 

± 0.03°C with the use of a Ivercomatlo thermoregulator. 



Density .eaurornent 

lure chemical densities were determined iaith u 25 

millimeter Kinible g1as pynenometer. The toxaperoture, at 

which the density measurements were made, was held 

constant with a 16 gallon constant temperature bath 

manufactured by the american Instrument Company. The bath 

was controlled to 20.0 ± 0.1°C with a Bimetallic uick- 

Set Regulator. The pyncnometer was weighed with a 

Christian Becker chainomatlo balance using calibrated 

weights. 
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CHICiL .ND PURI)?ICTION 

Three organic solvents were selected for use in this 

work; they were ethylene diohioride, ethyl acetate and 

carbon totrachloride. The system ethylene dichloride- 

ethyl acetate was run by ii11er (li) and was rerun in 

this work in order to compare the vapor-liquid equilib- 

I 

ritmi data obtained with the two different typos of ctir- 

ring aprcratus. The system ethyl acetate-carbon tetra- 

chloride was chosen because of its small boiling range, 

thus closely approaching the criteria of constant tenper- 

ature and pressure used in the thermodynamic analysis of 

the data. There is very little Information to be found 

in the literature concerning the later system, and no 

reference of vapor-liquid equilibrium data taken at a 

pressure of 760 millimeters of mercury. )uoh of the 

systems ethylene dichioride-ethyl acetate and carbon 

tetrachioride-ethyl acette was chosen because of their 

differing molecular structures and ease of analysis by 

refractive index and density measurements. 

!ithyl Leettte: 

The "Certified" grade of ethyl acetate v;as obtained 

from the T'isher Scientific Company and was dried over 

anhydrous potassium carbonate for a period of six weeks. 
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The ethyl acetote was then di$tilled t a reflux rt10 of 

lO to i Ifl e 21 plete bubble-cap Oldorshew labortory 

distiliction column, The final product, es used in this 

investigation, consisted of the middle 40 nercent of the 

distillate; this distillate cut was found to pive a con- 

stent refractive index while being collected. Boiling 

point, refractive index nd density of the purified prod- 

uct are given in Table 1. 

thylene Dichioride: 

The "urif led" grade of ethylene dichioride was 

obtained from the Fisher cientific Company end was dried 
over anhydrc;us calcium chloride for a period of six weeks. 

The ethylene dichioride was then distilled et a reflux 

ratio of 10 to i in the aforementioned Oldershew colunn. 

The final product consisted of the middle 30 nercont of 

the distillate; this cut gelle a nearly constant refrac- 

tive index while being collected. hysical prorertios of 

the purified product are given in Table 1. 

Cnrbon Tetrachioride: 

The carbon tetrachioride used In this investigation 

wes the "Certified" gracie rnanufactured by the z.T. Baker 

Chemical Company. It was distilled at a reflux ratio of 
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10 to i in the Oldorshaw column until a product with o 

suitable refractive index was obtained; this represented 

about 60 percent of the distillate. roperties of the 

purified carbon totrachioride are given in Table 1. 
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PBh1ENTkL IR OC]DURE 

The experIienta1 procedure of this work was patterned 

after thct of Johnson (7, p. 27-34) and Miller (11, p. 20- 

24) In order to ovoid the introduction of new variables 

Into the study, thus aiding in a coraparison of the data. 

till Operation 

At the start of a series of runs the still was 

charged with approximately 350 millilIters of liquid of 

the desired concentration. It was fcund desirable In this 

work, as In the previous work by Miller (il), to have 

approximately 350 millilIters of lIjuId In the still In 

order to allow for the vortex formed by the mixing action. 

The liGuid was then allowed to boil, condense nd recir- 

culata for a period of from seven to twelve hours, 

depending on the system, prior to aamplinç. Heat to boll 

the liquid was supplied from a 110 volt cource end was 

controlled by a variable transformer. ; ariount of heat 

sufficient to generate approximately 100 millIliters of 

vapor per hour was apnlled thus giving coniplete recir- 

culation of the condensed vapor In the trap about twice 

each hour. hen charging was comoleted the variable 

speed stirring motor was turned on on maintained at an 

approximate speed of 210 revolutions per minute. This 
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speed gave o true and stable equilibrium after about four 

hours of operation. 

During the last one to two hours of operation on 

each run the pressure within the still was adjusted to 

760 millimetors of mercury and the temperature was meus- 

ured several tines in order to obtain the correct value. 

Great care was exercised in adjusting the pressure; thus 

giving temperature measurements reproducible within 

-f- r - 'd 

Sampling 

Just prior to sampling, sample bottles viere pieced 

in an ice bath and evacuated with a leborutory vacuum 

system. The sample bottles were then connected to the 

liquid and condensed vapor stop cocks and approximately 

40 milliliters of iic1uid were collected in each case. 

The smnple bottles were then placed back in the ice bath 

in order to condense any vapor that may have flashed 

during sampling. fter cooling, the samples viere placed 

in a constant temperature bath maintained at 20.000. The 

refractive index was then measured with a refractometer 

controlled to 20.00 O.03C. 

Arior to beginning the next run, the liquid level 

in the still was brought back to about 350 milliliters 

by adding the desired mixture of both components. 
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very five or six days of operation the still was 

flushed and fresh materials added, thus avoiding any pos- 

sible build up of reaction products. 

The stirring mechanism used by 1111cr (11) had to 

be cleaned and relubriouted every four to five days in 

order to prevent excess wear und avoid contamination. 

The mercury seal stiiring mechanism used in this work 

rejuired no maintenance during the course of investi- 

gatlon. 

Thermocouple Calibration 

The four junction copper-constantan thermocouple 

used in this work was calibrated under conditions which 

were very nearly those existing in the still. 3 BecIiann 

differential thermometer was calibrated ac1nst a plat- 

mum resistance thermometer which had been calibrated by 

the United itotes Bureau of Standards within a year prior 

to use. The resistance thermometer bridge circuit, null 

balance, and constant temperature bath viere found to give 

a temperature precision of ± 0.003 centIgrade degrees. 

..fter the necessary stem and accuracy corrections (1, p. 

246-247) were applied to the Becbnann thermometer, it 

was used to calibrate the thermocouple. The thermocouple 

was calibrated In a constant temperature bath manufuc- 

tured by he merioan Instrument Company. dlth the use of 



coar'ensatlng heating lt was possible to obtain temperature 

readings precise to 0.01 centigrade degrees with this 

bath. 

During calibration the thermaiwell containing the 

thermocouple was plced to the sanie depth, in the bath, 

as the mercury reservoir of the Bec1ann thermometer and 

the junctions of the thermocouple were spread outward to 

give good contact with the walls of the thermocouple vieil. 
The cold junctions were placed directly in a bath of 

distilled WLtor and crushed ice. The calibration was then 

carried out for epproxiiaately one-half degree intervals 

over the tem-erature range from 74 to 8400. Thermocouple 

calibration data are presented in Table 2. 

Refractive Index - Mole i1ractlon Calibration 

Refractive index - mole fraction calibration curves 

for each of the two binary systems were prenared in the 

following manner. given amount of one component was 

run from a buret into a weighed 50 milliliter glass stop- 

pored bottle. The bottle and contents were then accurately 

weighed on a Ohristian-iecker ohanomatio balance using 

calibrated weights. The liquid volume was then brought to 

approximately 10 milliliters by addition of the second 

component and the bottle was again weighed. ílth care 

taken so that none of the liquid sample splcahed onto the 
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ground glass portion, the bottle was shaken thoroughly to 

mix the contents. The sample was then placed In u constant 

temperature bath maintained at 20.0°C. When temperature 

eciullibrium was reached the sample was analyzed on the 

refractometer. The results were then slotted on a very 

large graph so that they could be accutely read to 0.0002 

mole fraction. Calibration data for the two systems are 

given in Tables 3 and 4. 

Analytical Accuracy 

The accuracy of the refractometer as reported by the 

manufacturer was ± 0.00003, For tha system ethyl acetate- 

ethylene dichioride this corresponded to a mole fraction 

accuracy of ± 0.0004; and for the system ethyl acetate- 

carbon tetrachioride It corresponded to a mole fraction 

accuracy of±0.0003. The scale used to reproduce the cali- 
bration curves, as mentioned previously, could be read to 

± 0.0002 mole fraction, 

sample weighings were estimated to be accurate to 

0.0002 gra; this corresponded to a maximum mole fraction 

error of 0.00003. 

íith consideration of all possible sources of error, 

both human and mechanical In the sample analysis, lt is 

estimated that the mole fraction accuracy Is within 

± 0.000G. 



30 

DISCUSSION OF CiLCtJL.TIONS 

The experimental composition and temperature data 

for the two systems investieted In this work are tabu- 

lo.ted in Tables 5 and 7, and the calculated functions 

are tabulated in Tables 6 and 8. 

The activity coefficients were calculated from equa- 

tIons 5 and 6 assuming that the fugacity of each compo- 

nent was equal to its pure vapor pressure. 

Yl'Lr 
i - x1 °i (5) 

i-iir 
- i -x1 (6) 

iure component vapor pressures wore calculated 

using the Juitoine equation, which Is of the foì; 

lo'- - B 
,l0 _L_tfC (21) 

The constants , B, and C were obtained from various 

literature sources and are as follows; 

Ethyl acetate, (4, p. 221) 

1359.48 10g10 = 7.30692 - 
t -f 230.0 (22) 
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Ethylene dichioride, (5) 

i ° - 7 18431 1350.46 .iog10 - . 

- t -+ 232.2 (23) 

Carbon totrachloride, (3) 

lo O - C 949 1245.0 g10 - 
t - 23O.0 (24) 

The activity coefficient ratios were calculated and 

their logarithms plotted versus mole fraction of the more 

volatile component in the 1iquid. These curves were then 

graphically integrated to determine the net area which 

they bounded and conclusions were drawn as to their thor- 

raodynamic consistency. 

The slope of the dew point curve was checked et each 

experimental point with equation 20. Equations 22, 23, and 

24 were analytically differentiated to obtain the d1oi0 

terms for this equation. The slopes calculated from equa- 

tion 20 were plotted on the dew point curves and a corn- 

parison made between the plotted slopes and the slope of 

a smooth curve passing through the data. In this way the 

thermodynamic consistency of the data was determined. 
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EV.LUTION OP EXRIMENTLL D:T 

Ethyl cetate-Ethylene Dichioride 

The experirnentil thata obtcined with the improved 

Othrter still are tabulated in Table 5. Calculated values 

of the dew noint curve slonea, ctivity coefricients, and 

activity coefficient r.tios are tabulated in Table 6. 

Figure 4 presents graphically the vapor-lic:uid equi- 

librium deta of this study as compared aith the d ta of 

1:111er (11). hile this graph is too small to show small 

differences in the data, it was found that the two sets 

of data also lie on the same curve when plotted on u 

large scale graph. The data of Johnson (7), taken with 

an Othmer still using no mechanical mixing, is not shown 

In FIgure 4 because of the small ecale of the graph. 

FIgure 5 shows a plot of the logarithms of the ratios 

of the activity coefficients against the mole fraction of 

the more volatile component In the liquid. Por compur- 

ison, the data of Johnson and :iller are also plotted on 

this figure. í.ga1n it is seen that the data of this 

Investigation and that of Iller lie essentially on the 

seine curve; however, the data taken with Johnson's con- 

ventional Othmer still lie outside this curve. The data 

taken with the two Othraer stills utilizing mechanical 
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mixing ctisfy the "area" requirement of red1ich cnd 

K1tor while that taken with a conventional Othmer still 

does not. From Figure 5 it is seen that the "area" test 

gives resu1t that aroe to iithin two percent of the 

total area involved. 

Dew point and bubble point curves for this system, 

ohtLined with the inroved Othmer still, ore shown in 

Figure 6. Caloulted slopes are plotted on the devi point 

curve at esch experimental point and are seen to lie 

tangent to a curve through the experimental data over 

the entire composition range. 

inoe the dcte obtained using the improved Cthmer 

still sutisfy the "area" and "sloper' tests proposed by 

Redlich and Kister, it is concluded that they are thermo- 

dynamically consistent. 

Carbon Tetrachioride-Ethyl 2cetate 

The experimental data obtdned with the improved 

Othraer still, for this system, are presented in Table '7. 

Calculuted values of the dew point curve slo'es, activ- 

ity coefficients, and activity coefficient ratios are 

tabulated in Table 8. 

Figure 7 shows the x-y equilibrium data for this 

system. F'rom Figures 7 and 9 lt is seen that this system 
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forms a xdn1mum boiling ozeotro:e. The point at which the 

equilibrium curve intersects a 45 degree line on the x-y 

plot gives an azeotroric composition of 0.5806 mole 

fraction carbon tetrochioride. A tangent drawn horizon- 

tally to the rilninum of the dew point and bubble point 

curve gives an azeotropic temperature of 74.720C at 760 

millimeters pressure. .. careful searoh of the literature 

revealed that tue only vapor-liquid equilibrium data 

available covering the coilete range of composition for 

this system viere those of Tyrer (19) at a pressure of 745 

millimeters, and 3chutz (17) at a pressure of 685 mliii- 

meters. The date of Tyrer rre obviausly in error since 

the dew and bubble point curves cross at the azeotropic 

point rather than becoming tangent. The vapor curve then 

continues to lie below the liquid curve throughout the 

rest of the concentration ronge. acan's (10) analysis 

of dtitc by the edlioh and Kister "area test" 

revealed lt to be slightly inconsistent. This was to be 

expected since Schutz obtained his data with an equi- 

iibrluin. stili resembling that of the conventional Othmer 

still. It was also noted that schutz made no provision 

for accurate pressure control. The only ozeotropic data 

available in the literature for this system at a pressure 

of 760 millImeters are those reported by Young (22) end 
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Lecat (8). in ezeotropic boiling point of 74.75°C is given 

by Young nd Lecctwhich shows excellent cgreenient with 

this study. However, they report a cornposition of 43 mole 

percent carbon tetrch1oride s compared to 58.06 mole 

percent from this study. 

i2eotrores occur in miscible systems when 

systems forming minimum boiling zeotropes c",enorally re 

churecterized by large positive devitions from Heoults 

law. Lieusure of this deviL tien is the magnitude of the 

activity coefficients; and from Tables 6 and 8 lt is seen 

th.t the activity coefficients of this system are goner- 

ally larger then those of the system ethyl acetate- 

ethylene dichloride. 

FIgure 9 shows the dew point and bubble point curves 

for this system. Celculted slopes of the dew point curve 

are dre»n at ecoh experimental point and :re seen to 11e 

tangent to the dew -olnt curve for nearly cli of the d:te 

over the entire range of compositIon, thus, Indicating 

consistent data. The azeotropic point was approached from 

both directions and the azeotro1c terr-erature was found 

to be reproducible to v.iithin±O.Ol°C. 

Logarithms of the activity coefficient rt1os were 

plotted against mo1r composition of the llçuld In Figure 

8 and a smooth curve was drawn through the date. s shown 
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by Figure 8, the de.ta for this system st1sfy the "area" 

requ1rerent very c1o.'e1y. The difforence in iroa of the 

sections above sind below the log 6O line is less than 
one percent of the arec enclosed. since the data for this 

system satisfy both tests proposed by edlich and Kister 

it Is concluded that they are thermodynamically consistent. 

fter making a careful search of the literature lt is 

believed that the data of this Investigation represent the 

most accurate reported figures available for this system. 
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DISCUSION OF RESULTS iJTD CONCLUSIONS 

The exnerirrientel dzta for the sytern ethyl acetate- 

ethylene diohioride, obtained with the improved Othmer 

still, agree quite closely with the thte of ÌJlller who 

oJso used an Otbmer still v.r5.th mechanical mixing. However, 

both the data of ii11er nd of this investigation show a 

definite Improvenent over the date taken with a conven- 

tion1 Othmor still by Johnson. rfl1s is readily shown 

when the dcta are analyzed by the "crea" cnd 's1o'e" tests 
proposed by Redlich and Kister. Both of these tests viere 

used because, as pointed out by Van Ness and razek (21), 

the area test will autorriaticaily be met when the sioe 
test is satisfied at all values of X; however, the 

reverse is not true. It Is possible to huye data which 

satisfy the area test, but not the s1oe test. The data 

taken by ohnson with the original Othmer still did not 

meet either or these tests, while those of Laller and 

this investigation satisfied both requirements. 

It was concluded by Johnson that the th.ta obtained 

with the conventional Othraer still gave y/x ratios which 

were too high. It was further concluded that this was due 

to inadequate naixlng of the lict1id phase. The situation 
was corrected when Miller added a centrifugal stirring 
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mechanism to the Otìuner still. e result, therinodynam- 

io11y consistent dcta viere taken with the ti11. How- 

ever, the stirring rnechcnism used by Miller vies a source 

of mechanical difficulty. In an attempt to overcome these 

mechanical difficulties a stirring mechanism of sturdier 
design, introduced through the side of the still, was 

used in this investigcition. The attonipt was successful 
since consistent data were subsecjuently obtained ind the 

mechanical problems encountered by 1:111er were eliminated. 
i:il1er found that changing the stirring speed influ- 

enced the approach to ecjuilibrlum, and that a true Lnd 

stable ecuilibr1um was established at a speed of around 

1050 revolutions per minute. The stirring mechanism used 

in this investigation showed no such behavior. The stirrer 
used In the improved Othinor still had a range of 60 to '700 

revolutions per minute. Identical runs wore made at 
various sr,eeds over this range end the data taken at all 
speeds were found to be reproducible within the accuracy 
of analysis. It is, therefore, concluded that the stir- 
ring mechanism uaed in the Improved Otbmer still provides 
much bettor agitation, porticularly at low speeds, than 
that used by Miller. ll of the data presented in this 
work were obtained at a stirring speed of 210 revolutions 
por minute. 
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To Incure that steady state conditions were attained 
durin, oneration, one point teas run oonsecutT.vely for 2, 

3, 4, 5, and E hour periods. The results indicnted that a 

tecdy state was reached in about 2- hours for the system 

ethyl acetate-ethylene diohioride and In about 4 hours 
for the system carbon tetrachioride-ethyl acetate. 
longer time ws recuired for the latter sy.teri, apparently 

because of the proximity of the boiling points of the 
tvio components. Ilovjever, throughcut this investigation, 
at least 6 hours were allowed before sampling In the case 
of the former system and lo hours for the latter system. 

In an attempt to satisfy the constant tem)erature 
and ressure conditions of the "area" and fislopett tests 
the carbon tetrachloride-ethyl acetate system was oval- 
uated. whIle the pure component boiling points of the-e 
two chomIcls differ by only O.38C they ore found to 
form a minimum boiling azeotrope. This phenomen'n becomes 

increasingly corimon in binary systems as the pure compo- 

font boiling range decreses. However, the azeotropic 

minimum for this system did not fall as low as would he 

expected for systems of this type and gave e maxirum 
o boiling range of only 2.42 C. Vith this small boiling 

range lt was hoped to nerly satisfy the constnt temp- 

erature requirements of the "area" and t?510p0fl tests; 
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0nd, 85 shown by the the area test weB met to within 
one percent of the tot1 crea. since this one percent area 
difference could be accounted for by edjusting the end 

points of the curve it ws concluded that there was a 

morked improvement in the thermodynanic consistency of 

thte obtained with an Otbrnor still utilizing mechenice]. 
mixing sa opposed to one thut did not. It is concluded 

from this investigstion as well Ls fron thdt of Miller 
that the mixing problem encountered by Johnson has been 
eli1TLinted. Freni this investigation it Is further con- 
cluded thct the raochenice]. difficulties encountered by 

Miller hz.vo been eliminated, nd tht the improved Oth.mer 

still can bc used to obtLlin consistent vapor-liquid equi- 

librium date with a minimum of operational difficulty. 
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SUMiARY 

The primLry purpose of this 1nvest1git1on was of a 

two-fold nature; the Improvement oí the Otbmer continuous 

distillation vapor-liquid equilibrium still, and the 

experimente]. determination of vapor-liquid equilibria tor 
the carbon tetrch1oride-ethy1 acette sytein once it had 

been established that the improved Othmer still eve con- 

sistent data. This iniprovemont was in the fornì of a 

mechanical stirring mechanism added to insure oiplete 
mixing of the liquid phase. tiller had previously used a 

stirrer with the Othmor still and showed that consistent 
data could be obtained with this type of still when the 
liquid phase was uniformly mixed. The mechanical diffi- 
culties encountered by illier vere eliminated by using 

the improved Othnier still of this investigation, while at 
the same time obtaining data of a consistent nature. 

The system ethyl acetTte-ethylene dichioride, which 

was investigcted by both hiller and ohnson, was rerun in 
this work to corimare and evaluate the effect of the modi- 

ficotion on the consistency of experimental date. J second 

system was run to further investigate the operation of 
the improved Othmer still and for contribution to the 

literature. This lstter system, otrbon tetrichloride-ethyl 
acetate, was investigated because it has a comparatively 
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srnill boiling range, thus aiding in the thormodynamic 

analysis of the data, and beccuse there is very little 

information to be found in the literature on this syaten. 

The data from both systems was analyzed for consist- 

ency by the "area" and "slope" tests proposed by Redlich 

and Kiator and were found to be consistent. Ethyl acetate- 

ethylene ichloric1e date were compared with the data of 

Johnson, who used a conventional Otbner still, and r'Iiller. 

The data from the improved Othmer still agreed quite 

oloaely with that of the still used by iller. The data 

from both of these stills showed marked iriprovemont over 

the data taken by Johnson with the original Othmer still. 

The vapor-licuid eLuilibrium data for the system 

carbon tetruchioride-ethyl acetate were found to be con- 

sistent. This system forms a minimum boiline azeotrope at 

a composition of 0.5806 mole fraction carbon tetraohloride 

and a temperature of 74.72°C. 



NOMENCLATURE 

A,B,C : Constants 
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Fugacity ot pure vapor et pressure,IT, . Hg. 

r : Fugacity of pure vapor at the normal vapor 
pressure P0, Hg, 

po 
: Vapor pressure of pure component, mm, Hg. 

; :xcesa frecenergy function x1og x2log i2. 

t : Temperature, O 

V : Molar volume. 

X : Molo fraction In liquid phase. 

y ; Lole fraction in vapor phase. 

Activity coefficient. 

'[T' : Total ressure, 

3. : ubscript denoting more volatile component. 

2 : Subscriìt denoting less volatile component. 



B IBLI OGRAPHY 

1. Busso, Johanna. Liquid in glass therxnorieters.1n: 
Arerican Institute of Ihys1cs, Teriperture, its 
uìeasurement 8nd control insolence and Industry, 
vol.1. New York, Reinhold, 1941. 1362 p. 

2. Carlson, Harrison C. nd llan 1. Colburn. Vapor- 
liquid equilibrIa on nonideal solutions. 
Industrial and EngIneerin Chemistry 34:581-589. 
1942. 

3. Drelsbaoh, Robert R. and R.A. Martin. khysloal data 
on sorno organic compounds. Industrial and 
inineerIn Chemistry 41:2875-2878. 1949. 

4. Dreisbuch, Robert R. iressure-vo1ume-ternporoture 
relationships of oranio compounds. 3d ed. 
andusky, Handbook, 1952. 303 p. 

5. Dreisbach, Robert R. Physical properties of chemical 
substances, iJ.dlend, Dow Chemical, 1953. N. p. 

L. hala, E., J. ick, V. Fried, and O. Vilim. Vapour- 
liquid equilibrium. London, ergcmon ]ress, 1958. 
402 ii. 

7. Johnson, Taraes C. Vapor-liquid equilibria of the 
blnsry systems benzone-ethylene dichloride, 
ethyl acetate-benzene, and ethyl acetate- 
ethylene dichioride. 'Loster' s thesis. Corvallis, 
Oregon $tato Oollee, 1956. 106 numb, loaves. 

8. Least, M. l'Azeotropisme. Brussels, Lanertln, 1918. 
313 p. 

9 Lewis, Gilbert Newton, and verlo Randall. Therriody- 
nenias. New York, McGraw-Hill, 1923. 653 p. 

10. Macsn, sohn 'i. Cnputer evaluation of binary vapor- 
ilauld equilibrium data, Master's thesis. 
Corvallis, Oregon State Co11eo. 1960. nunb. 
eaves. 



51 

11. \11Uer, Richard L. An improved vapor-liquid oquilib- 
rium still. M8ster's thesis. Corvallis, Oregon 
State College, ic59. 66 nurib. leaves. 

12. Oldershaw, C.F. rerforated plate columns for 
analytic8l batch distillations. Industrial and 
Engineering Chemistry, Analytical Tdition 
13:265-268. 1941. 

13. Otbrner, Donald F. Composition of vapors from boiling 
solutions. Ina1ytica1 Chemistry 20:763-766. 1948. 

14. Redlich0 Otto end a.T. i:ister. Thermodynaraics of 
nonelectrolyte solutions. Industrial and 
ngineering Chemistry 40:341-345. 1948. 

15. Redlich, Otto and i.T. Kister. iì.lgebraic represen- 
tation of therrwdynarnic properties and the 
classification of solutions. Industrial and 
ngineering Chemistry 40:345-348. 1948. 

16. Scatohard, G. and líarner. The 8ppliCation of 
equations for the chemical potentials to par- 
tially miscible solutions. rournal of the 
merioan Cherical Society 57:1805-1809. 1935. 

1'?. ohutz, .ii. Binary liquid systems. I. Vapor-liquid 
equilibria in the system carbon tetrachioride- 
ethyl acetate. Journal of the .merioan Chom.cal 
Society 61:2691-2693. 1939. 

18. Schutz, J J. and R.. Llallonee. Binary liquid 
systems. II. The azeotropic composition of 
carbon-tetrachioride-ethyl acetate mixtures as a 
function of the pressure. Journal of the American 
Chemical Society 62:1491-1493. 1040. 

19. Tyrer, Dan. Latent heats of vaporisation of mixed 
liquids. Journal of the Chemical ooiety 
101:81-90, 1912. 

20. Tyrer, Dan. Boiling point of ethyl acetate. In: 
International Critical Tables, vol. 3. New York, 
McGraw-Hill, 1928. 219 p. 



52 

21. Vn Ness, 11.0. and R.V. razek. Treatment of 
thermodyn8rnlo data for hoinoConeouz binary 
systems. Tourna]. of the .merican Institute of 
Chemical Erigineers 5:209-212. 1959. 

22. Young, .Disti11ation principles and processes. 
London, MacMillan and Company, 1922. 312 p. 



:' -' . '\; 
«.: . . . 

. . .. .:. . 

; .. 
? 

p 
. 

-. , k -r 
. O : ¿ ., '- . . i . .. . ,. . . : 

4 k 
r 

:' 

.. . . ,. 
, . : . ' . . 

-. ., it ;44 
, 

r 

' ,. : ., .", 
. 

* $ j* ' / , . 

: 
! :: I 

: 

:: " 

r , 

-I *?Ef' , 
, 

i: ; 4 

. J 
1) ._cj 

i 
: . 

i:. ' 

: . 

fr I 
:. - 

L 

, ,.. 7; rjr 
; : ; : , . . - .. . ';.' \ -4 

4 
\ ;_ Mr - ,' : t ' 

. . - . . :' . 'L . , . 

r 
t 

1 

. . : . .-- , '/ 
t 

' : - 
4 V ' . 

, 
- ,,. 

, 4 J I 
'- , i r ' 

. J - ' 
- . 

% . . . '.' ... . .. : «. . . : 
. 

I 

tØ, 
.1 : " 

? 
. 

4 -" é _1 $ 

ji _* 
- - :: . - . 

1 f ' ,', 

' 

:: 44 ç 
- - 

.- \ì 
- 

í:.t?!; (Ç; 
: . 

: . ., : ' 
:: r;1:; 

p 

'$y4 : ' 
) 

B R: V N 

: 

' S: ::1:t 
: - - 



53 

TABLES 

ge 

1. properties of .ur1fïed Cherdotìls . . . . . . . . 54 

2. Thermocouple Calibrat1.on Data . . . . . . . . . 55 

3. io1e Fraction-Iefrct1ve Index Ca11br.tion:. 
Ethyl cetate-Ethy1ene Dichioride . . . . . . 56 

4. Lo1e Fraction-ReÍ'r&otive Index C].1br.t1on: 
Carbon Tetrach1or1de-Lthy1 oetate . . . . . . 5? 

5. Experimental Equilibrium Data: 
thy1 oetate-Ethy1ene Dichioride . . . . . . 56 

6. Calculated Functions: 
Ethyl .00tate-Ethylene Dichioride , . . . . . 59 

'7. Experimental Equilibriwu Data: 
Carbon Tetrachioride-Ethylone Diohioride . . . 60 

8. Calculated Functions: 
Carbon Tetrach1oride-thylene Dichioride . . . 61 



TIBLE 1 

Physical Properties of Purified Components 

Normal Boiling Refractive Index Density g./r1.) 
Point (0 C,) n at 20.00 C. at 20 C. 

Obs'd Ref. Obs'd Hof. Obs'd Ref. 

Ethyl icetate 77.14 77.15 (20) 1.37234 1.37239 (5) 0.90060 0.90063 (5) 

Ethylene Dichioride 83.47 83.47 (5) 1.44479 1.44476 (5) 1.25306 1.25309 (5) 

Carbon Tetrachioride 76.76 76.75 (3) 1.46011 1.46005 (3) 1.59385 1.59397 (3) 
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T3LE 2 

Thermocouple Calibration Data 

Temperature Lleesured emi'. 

__j° C.) (Lllhivo3ts) 

83.54 14.1623 

83.01 14.0468 

82.44 13.9418 

81.91 13.8442 

81.76 13.8164 

81.16 13.7063 

80.42 13.570? 

79.76 13.4492 

79.14 13.3357 

78.44 13.2074 

77.99 13.1249 

77.23 12.9860 

76.55 12.8611 

76.04 12.7678 

75.61 12.6888 

75.11 12.5969 

74.62 12.5064 

74.07 12.4047 

73.59 12.3168 
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TJ3L 3 

Calibration Curve Data 
Ethyl cetate-Ethy1ene Dichioride 

Iole Fraction Refractive Index 
Ethyl .cetate nj at 20.00 C. 

0.0000 1.44479 

0.0690 1.4822 

C.1406 1.43177 

0.2120 1.42567 

0.3220 1.41674 

0.3536 1.41434 

0.4418 1.407'74 

0.5635 3.39916 

0.6422 1.39366 

0.7669 1.38600 

0.8637 1.38011 

1.0000 1.37234 



T.BLE 4 

Calibration Curve Data 
Carbon Tetrachioride-Ethy]. oetate 

Lole Fraction 
Carbon Tetraohioride 

0.0000 

A (\flc) 
'J. 'J A 

0. 2012 

0.2979 

0.3971 

0. 5024 

0.5595 

0.7075 

0.8280 

0.9095 

1.0000 

57 

Refractive Index 
T) at 20.00 C. 

1.37234 

1.38016 

1.38937 

1,39767 

1.40625 

1. 41544 

1.42044 

1. 43353 

1.44437 

1.45179 

1.46011 
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TBLE 5 

Vapor-Liquid Equilibrium D8tu 
ethyl oetote-Ethy1ene Diohioride 

Fun Temp. Refrotive Index I:ole Fraction 
!!2.. (° o.) fl at 20.00 C. Ithy1 cetate 

Lijuid Vupor Lliuid Vajor 

i b5,45 1.44083 1.44079 0.0413 0.0418 
2 8.42 1.43710 1.43689 0.0812 0.08o4 

11 83.37 1.42987 1.42936 0.1628 0.1688 
10 83.18 1.42252 1.42132 0.2496 0.2642 
16 83.02 1.41856 1.41666 0.2987 0.3204 
g 82.99 1.41742 1.41b73 0.3131 0.3351 
8 82.56 1.40975 1.40690 0.4147 0.4528 
7 82.08 1.40454 1.40116 0.4863 0.5346 

15 82.03 1.40394 1.40067 0.4949 0.5417 
17 81.84 1.40210 1.39846 0.5211 0.5738 
6 81.78 l.40L4 1.39773 0.5319 0.584b 
5 81.05 1.39541 1.39149 0.6191 0.t791 

14 80.72 1.39302 1.38930 0.6553 0.7139 
4 80.25 1.38993 1.38634 0.7037 0.7616 
3 79.48 1.38521 1.38191 0.7798 0.8337 

12 78.65 1.38084 1.37810 0.8514 0.8983 
13 78.49 1.37960 1.37747 0.8726 0.9092 
18 77.73 1.37542 1.37443 0.9450 0.9623 
19 77.36 1.3743 1.37311 0.9801 0.9869 



TABLE 6 

Calculeted Pete 
ithyl cetete-Ethy1ene i)lchloride 

Run Mole Frection dt et. Coeff. 
No. rthyl oetete cetete Dichioride 

Liq.uid Vapor 
li 
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sot. Coeff. 
latlo 

1/'2 

i 0.0413 0.0418 0.40 O.85 1.000 0.825 
2 0.0312 0.0834 0.92 0.838 o.gg 0.839 

11 0.1628 0.1688 1.36 0.847 0.996 0.850 
10 0.2496 0.2642 2.38 0.870 0.989 0.880 
lb 0.298? 0.3204 3.15 0.886 0.983 0.901 
9 0.31o1 0.3..51 3.12 0.885 0.983 0,900 
8 0.4147 0.4528 4.04 0.915 0.962 0.951 
7 0.4863 0.5346 6.10 0.936 0.946 0.989 

15 0.4949 0.5417 5.91 0.934 0.949 ".984 
1'? 0.5211 0.5738 6.75 0.945 0.937 1.008 
6 0.5319 0.5846 6.79 0.945 0.936 
5 0.6191 0.6791 8.62 0.965 0.910 1.060 

14 0.b:53 0.7139 8.89 0.969 0.905 1.071 
4 0.7037 0.7616 9.85 0.978 0.891 1.098 
3 0.7798 0.837 11.93 0.990 0.857 1.155 

12 0.8514 0.8983 15.66 1.004 0.798 1.258 
13 0.8726 0.9092 1.50 0.907 0.835 1.194 
l3 0.9450 0.9623 14.44 0.999 0.823 1,214 
19 0.0801 0.9869 15.88 1.000 0.800 1.250 



TBLE '7 

Vapor-Liquid Equi1ibrin Data 
Garbon-Tetrich1oride-Ethy1 cetute 

Run Temp. Refractive Index Mole Fraction 
(° C.) n at 20.00 0. Ethy]. .oetate 

Liquid Vapor Liquid Vapor 

31 76.47 1.45791 1.45723 0.976]. 0.9686 
i 76.06 1.45402 1.45246 0.939 0.9168 
2 75.66 1.44904 1.446'71 0.8795 0.8540 
3 75.:54 1.44453 1.44221 0.80O Q.8042 
5 75.16 1.44111 1.43880 0.7920 0.7661 
4 75.15 1.44087 1.4.855 0.7892 0.7635 
G 74.98 1.43656 1.43464 0.7411 0.7198 
7 74.82 1.43041 1.42922 0.6724 0.6591 
8 74.80 1.43033 1.42908 0.6714 0.6577 
9 74.77 1.42814 1.42719 0.6469 0.6360 

10 74.75 1.42612 1.42558 0.6241 0.6180 
11 74.73 1.42381 1.42353 0.5979 0.5947 
12 74.72 1.42204 1.42210 0.5777 0.5784 
13 '74.73 1.42032 1.42062 0.5582 0.5614 
18 74.72 1.41972 1.42003 0.5513 0.{549 
19 74.73 1.41844 1.41898 0.5366 0.5428 
20 74.76 1.41504 1.41592 0.4977 0.5078 
21 74.8 1.41042 1.41171 0.4449 0.4597 
22 74.91 1.40770 1.4092. 0.415 0.4310 
23 75.00 1.40343 1.40566 0.3645 0.902 
24 75.16 1.39930 1.40160 0.3168 0.3432 
25 75.36 1.39532 1.39760 0.2709 0.3004 
26 75.62 1.38993 1.39258 0.2077 0.2388 
30 75.73 1.38822 1.39065 0.1876 0.2163 
27 75.97 1.38481 1.8699 0.1475 0.1732 
17 76.03 1.38356 1.68587 0.L328 0.1590 
29 76.24 1.38145 1.8338 0.1077 0.1307 
16 76.34 1.38001 1.38177 0.0909 0.1117 
15 76.53 1.3'?772 1.37916 0.0639 0.0807 
14 76.79 1.37488 1.37565 0.0301 0.0393 
28 76.84 1.37449 1.37496 0.0255 0.0310 
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TCJ3L 8 

Ca1cu1ted Data 
Carbon Tetroh1or1de-Ethy1 cetete 

Run io1e Freotion dt LCtI Coetf. ict. Coerf. 
Carbon Tet. Carbon Tet. oetate Ratio 

Liquid Vapor '/1J 2 

31 0.9761 0.9686 8.06 1.001 1.344 0.745 
i 0.9339 0.9168 7.28 1.002 1.305 0.768 
2 0.8795 0.8540 6,59 1.004 1.274 0.788 
3 0.8300 0.8042 5.25 1.012 1.224 0.827 
5 0.7920 0.7661 4.69 1.016 1.202 0.845 
4 0.7892 0.7635 4.62 1.016 1.200 0.847 
6 0.7411 0.7198 3.35 1.025 1.164 0.081 
7 0.6724 0.6591 1.86 1.040 1.125 0.924 
8 0.6714 0.6577 1.92 1.040 1.127 0.923 
9 0.6469 0.6360 1.48 1.045 1.116 0.936 

10 0.6241 0.6180 0.81 1.053 1.101 0.956 
:L]_ 0.5979 0.5947 0.42 1.050 1.093 0,968 
12 0.5777 0.5784 -0.09 1.065 1.083 0.983 
13 0.5582 0.5614 -0.04 1.070 1.077 0,994 
18 0.551û 0.5549 -0.45 1.071 1.076 0.995 
19 0.5366 0.5428 -0.78 1.076 1.070 1.006 
20 0.4977 0.5078 -1.25 1.084 1.062 1.021 
21 0.4449 0.4597 -1.84 1.096 1.052 1.042 
22 0.4135 0.4310 -2.20 1.103 1.046 1.054 
23 0.3645 0.3902 -3.31 1.129 1.031 1.095 
24 0.3168 0.34o2 -o.56 1.138 1.028 1.107 
25 0.2709 0.6004 -4.28 1.lb7 1.010 1.1o6 
26 0.2077 0.2388 -5.20 1.100 1.011 1.177 
30 0.1876 0.21b3 -5.14 1.189 1.012 1.175 
27 0.1475 0.1732 -5.43 1.202 1.009 1.191 
17 0.1328 0.1590 -5.93 1.224 1.007 1.215 
29 0.1077 0.1.07 -6.1 1.2o2 1.004 1.227 
16 0.0909 0.1117 -8.77 1.244 1.004 1.239 
15 0.0639 0.0807 -6.83 1,272 1.003 1.268 
14 0.0301 0.093 -7.34 1.304 1.003 1.300 
23 0.0255 0.0310 -5.52 1.212 1.005 1.206 


