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The vepor-licuid equilibria for the gyston 2eproponolsescetone wag
detormined by the continuous dlstillotion rethod at 1.0, 2.5 and 4.0 ate
nogpheres pressuraz. These experirental deta were ugsed to evsiuvate the eon=
gtants in the Van Laar end Parpules equations. GCorrveosponding values of
vapor—liqnid csﬁpositicna vora calculated to deteormine the internsl therro-
dynamic agreereont of the éx@@rim@atal dote. The Ven Laesr esuaticon gave

the closer agreocrent over the entire runge of copposition.



INTHODUCTION

The sepération of a mixture of volatiie liquids depehds upon the
difference in composition of the liquid and the vaﬁof‘evolved. A1) frac-
tional distillation calculations are dependent upon a knowledge of this
relationship. Robinson and Gilliland (7) have described experimental
-methods for the determination of vapor-liquid‘equilibria.

In the bomb method the sample is placed in a closed vessel which in
turn is placed in a constant temperabure bath and agitated until equilibrium
conditions are attained, Saﬁples of the liquid and vapor are withdrawn
through suitable connections and ahalyzed. This procedure is repeated for
various compositions,

The dynamic distillation method involves the distilling of successive
swall portions of the liquid and the condensate is analyzed. The guantity
distilled is plotted versus the composition and the curve extrapolated to
zero quantity distilled., This extrapolated value is taken as the composi-
ticn of the vapor in equilibrium with the original ligquid.

The dew and boiling point method requires the observation of dew and
boiling‘paint of a mixture of known compesition. From a cross plot of
pressure versus temperature phase equilibrium conditions are obtained.

The dynamic flow method is accomplished by passing the vapor through
a series of vessels which contain liquid of suitable composition. The
vapor evolved from the last vessel is assumed to be in equilibrium with the
liquid, | |

In the continuous distillation method the vapors are condensed and

returned to the still by means of static liquid head of condensate. The



process is continued until s stoady state exists for a given time and
equilibriun is assumed, The condengate oné gtill liquid are ssrpled and
anelyzed., This process has boen adapted for a varity of liquids ané oper-
ating conditions, A medification of the Othmer and Morley (4) hish pres-
sure still was used In this work.

Zeetone and 2-propancl werc selected as conponents to be studied since
they are readily converted frorm one to the other and s mixture of these ie
often encountered in the petrechemical industry. Previous works reported
by Leeat (2) indieete this system to be non-azectropic. Parks and Chaffee
(6) studied this systerm at 25°C. and reported the partisl pressure of -éee-
tone in the vapor exceed that ecleulated by Raoult and Dalton’s laws and
econcluded the system was non-idesl.



STATHMINT OF PROBIIM

This investigation was undertaken to determine the vapor-liquid
eguilibria of 2epropancle-gcetone system at 1.0, 2.5 and 4.0 stmospheres
of pregssure and to check the agreerent with the Ven Lasar ané Marpules

equations.



HEPERDMHTAL VETIOD

The materials used were Morek resgont grode seeotone snd Bokers snaw
lyzed Zepropsnol. Those materinls were dried with drierite snd then dig-
tilled. The portione of acetono beiling at 56°=579C. & T60 rp. and 2«
propancl boiling ot 82°.83°C. © 760 rm. wers collected for use.

The otill used was a modification of the still used by Othwer and
Vorley (4) and Wilson and Sirons (10) and is shown in Pigure 1. The still
ané condensate roceiver were constructed se that the voluxe of the etill
would ve large in corporison to the volume of the condensats raceiver so
that equilibriw: could be cobbained pore readily.

A 700 ml. charge of gpproxirate corposition wes propared and added to
the still through valve Ho. le. Sufficiont water-punped nitrogen fron s
eyiinder wos admitted through the drier (packed with drierite) tc thorough-
1y flugh out the air.v A pressure of 10 psl was then applied. Heat was ap-
plisd fo tho still by mesns of a powerstat and elsetrie heater. Az the
presoure incressed, eoxcess prossure wns relessed through velve lle, 1, until
the nitroger in the stlll wes repleced with 2-propancle-scetone. Further
roquired decreages in pressuwre were psde through velves lo. 6 and 7. The
pressure was observed by a 0-45 pei Reid vapor pressure gauge aubdéivided
into 0.2 psil and previcusly checked for accurczcy. The tenperatvre of the
still was observed with an A. 5. T. M. therrorotor which wop vrevicusly
ealibrated.

After distiliaetlion bad begun the rate was estimated by sounting the
drops of condenssie ag they fell fron the drip tip. With slight adjust-

ments of the applied heat the pressure could be controlled over & spall



range. After a steady temperaturc and pressure had been malntained for
%wavh@urs valveg 3 and 4 were closed and the heater shut offe A sarple of
s$ill liguid wag withdrawn through valwve lic. 2, with sufficient cocling
being provided to provent {lashing. The condensate sepple was withdrawn
through valve Ho. 5. Wilson and Simons (10) recormend suddenly increasing
the prressure 10 psi by the addition of nitrogen to stop the bolling vhile
sarples were withdrawn, however this inecreese in pressure upon the sature
ated vopor thet exists in the stdll above the ligquid would esuse econsider—
abie econdensatien and ray affect the composition of the stili-liguid. By
elosing valves 3 and 4 and turning off the hester and withdrewing the atill
sarple as repidly as possible conditicons were not disturbed too drestically
since only 25 ml. of liquid verc withérawm from o total velume of 1600 pl.
tne ml, aliquot of the sarple was enslyzed by rometing the anshbone
with hydroxylapine hydrochloride an¢ titrating the liborated hydrochlorie
acld with scdiur hydroxide using brorophenel indicator. The rol fraction
of acetone was read from greph lio. 1 vhich was prepared by titrsting 1 nml.

of gynthetic samples.



METHOD OF CALCULATION AKD RESULTS

Vapor pressure.data for 2-propancl in the rangevfrom 1to 4 atmos-
pheres was reported by Wilson and Simons (10) and for pressures less
thap.l atmosphere as reported by Parks and Barion (5),

Similar data for acetone was reported in "Handbook of Chemisﬁry and
Physics® (1).

Aetivity coefficients were calculated by:

7/1 - Py
Py ¥y

7/2 Pyz
_ pzxz

The Van Laar equation was rearranged from: (&)

This is in the form of a straight line, (y = a + hx) with:

1
y = ’a=l and
(T lnla)l/z 5172 '

S

b = A
Bl;z
1
From the experimental data (T 1n Yy )1/2 and =1 were calculsted for

x2
each set of points. The constants a and b were evaluated by the method

of least squares (9) and A and B calculated from B = -L and A = b x Bl/z
a<.



Froms In xl, b ......liﬁl-—»é the values of In Xl were calculated for a
b2+ s 2
¢ .
for 4R
, . X Xq1J7
Siven tempersture and In? o # n == J.n)’.l
' = )

Frow: ¥y = Yumixlpi and yo aimzx 2P2 corresponding values of ¥y aic ¥y were
¥ ' P :

obteineds
The proper temperature was sélected so thub yi + ¥y = LeUl.

The Hargales squations were rearvanged a8 follows:

: P
hzﬁwmgg«bcxz

~
 ad
)

Mw’t_;**
s 2 2}

1 {3J

b 3/2 e - exy (4)

g xz \ & s
%7 ' Y Gy
= k; L {305 * KQ} '

lisYl in )’2
fyuations livs 2 snug O are in fomm of ¥ = & + X with v = - xgw.;md 3
2 1

and x = xp and {5 + 5""2,)! aid @ = b and by = C.

nvy 1Y S

values of —— ﬂ_l and .uz?/z were galeulsted for each experimanial determina-
2 ) i

tion and value of the constants in the eguations debormired uy the method

of least squares {9). The experiienval data, celeuwlabed valuss of vapor



1iguid compositions by Van Laar and dargulcs equations and Van laar and
rarpules constants are pilven in Yables ko 1, 2 and 3 Tor 1.0, 2.5 and 440
siwosphoeres §res:sure, respectively, and are shown by graph voe £ through
T» Uraph Los 8 shows the logurithn of activity coefticients versus mol

fraction ol acetone in the liguia.



NOMENCLATURE

A, B Van Lear Constants
a, b Geometric Constants
b, ¢ Margules Constants
Total Pressure

'Bo'll

Vapor Pressure of Pure Component
Sum of

Degrees Kelvin

Mol Fraction in Liquid

y Mol Fraction in Vapor

¥ Activity Coefficient

-

Subseripts:
b Component No. 1 or acetone
2 Component No. 2 or 2-propanol
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DISCUSSTICN 07 RESULYS

The Van lasr snd Vargules oguations both vere in good egrecrent with
the experirental deta ot the pid-polnt of the somposition range. The de-
viation was grestor at the extremities which is probebly dus %o crror in
the analytieczl deterrdinaticong or egquilibrium not having b:::enr attained. Ac-
gurate data are pore 4ifficult to obtein in this ronge sinee a spell erver
in determining activity coefficients near unity will rosult in a larpor
error in the legarithn of the activity coefficient.

In the centinuous distillation method there are seversl sources of
error. There is a question vhether waper rising from s bolling liquid is
in equilibriun with the residue liguid. Eguilibriue would bo fovered by &
slow distillation rate. Torperature peasurcrents arc scnetires affected
by supsrhssting of vapor. Pregsure may net be eongtant throughout the ape
paratug. The condengste rebwrning to the still vey be vaporized before
reaching the still and not bs in egquilibrium with the still liguid. At
high pregsurss the pressurizing gas nay be seoluble in the condensste teo
the extent to affect the equiilbriur.

The continucus distillation m@thcd.'haﬁ beon widely ussd due to its

giuplicity and ease of oporation.
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