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I - ABSTRACT

The vapor-ligquld equilibrium dats of the binary and
the ternary sysiems of carbom tatrachloride, cyclohexane and
isopropyl aleohol at & prossure of 760 pm Hg were determined.
A Gillleaspie type et1119 with modification was used. The
dansity and mi;ractive index were used to analyse the vapor
and 1liquid samples, Temperature was measured by means of ‘a
aopper-constantan the macouple .

An eszeotrope was found for carhon tetrachloride -

- 3 sopropyl eleohol, cyclohexane - isopropyl sleohol and the

ternary system,

The Gibbe-Duhem equation for a binary system at
constant pressure was usad to check the consistency of the
binary data, A4ll three binary aystems data were found tn be
thermodynamically consistent, |

The three-constant Redls.ch-mater? equation for
the binary system was found to represent all the three binery
systems under investligation and the thirteon-constunt, (nine
binary constents and the four ternary conatanta) Redliche

Kistor equation was foumd to represent the termary syatem.
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II « INTRODUCTION

L o

S8ince the equilibrium relations of meny aystems

cannot be predicted from theoretiosl conaiderations, they cen

~ only be determined oxperlmentally.

The gn:.‘p&:eimental determination of vapor-linuid phase
equilibrium eonsista of the determination of the composltions
of both the wapor and the liguld phase at equilibvrium N
conditions, Theae doterminaticns can be carrled out either at
constant temporature or at comatunt prassura. Por distillation
procassses, the lacbaric data are espoclally Importonts

she Nibboeluhem equation i3 the basle principie to
test the conslsteney of the phaso equilibrlum. data, With
simplifying assumptions many semi-empiriecsal equzzmonsl'a
have been depived as the special forms of this equutlion. They
are appliosbleo to meny systems., %he equation propoaed by
Redlich and Kistex'7 appears to be fexible and adequate far
representing the vaporeliquid equilibriim data.

The present inveatigation conalata of determining
ﬁhe equilibrium temperaturs and tho composition of tha vapor
and the liguid phase nt atmosphoric preasure of the binary
and the ternary mixtures of carbon tetrachlorlde, ayclohuxmé
and isopropyl alechol. A modified reclreulating 8t1ll of the
Gillesple typeﬁ wag ueed, 'i‘empomtﬁrea wore messured by

meens of &a oalihorgwéd thermocouple. The equilibrium compositiona




were determined indireotly from refractive indices and
densitlon.

mo test the consistency of the experimental data,
an integrated form of the Gibbs-Duhem equation was used.’
It 48 hoped that the exporimental data and the derived thermo-
dynémic&l properties would not only be useful for these systems
in partlculéf, but also sble to throw some light on the phase

equilibrium problems in general,




ITI « THEOARDICAL COHLIDERATIONS

when t¥o or more components are praegent in & liquid
nixture, the equilibrlium vapor composition is In genersl
different from thot of the liguid. This fuct forms the basls
of the phrsical separatlon by dlstillaticm,

It would be desirable if one could derive theoretioce-
ally the relationships batween compositions of vepor and liquld
ond pressure or temperature Lor any liguid., Ususlly this is
not posaible for & real system and experimentul determinetions
rmust be relied on., However, by applying thermodynamic principlea,
4t 1a often poasible to extend the exporimentsl data undar certain
conditions, such as under constant bemperatgre or pressure, Lo
other conditions accurate encugh for most engineering purpogas,

whon a liquid phese is at equilibrium with & vapor

phase. the necessary and sufficlent conditions of equilibrium

aras
Pl = Pv
Tl s Tv

)y = (u,)
where P,, P are the praessure and T,, T, are the temperature
of the ligquid phase and the vapor phase respectively, and
(“1)1’ (y.v)1 are the chemical potentiul of component 1 in the
liquid and the vapor phase respectively,




These throe potantiels fowm the basle of tho thermoe
dynanical analyeis, Ibl and Qodgelo have discussed GibbseDuhem
egquation in detall. Thalr derivation 1s presented in the
following paragraph,

From Duler's theorem on homogeneous functions, the

Oibbs foes enerzy 7 can be expressed as

Fa iy # Mgty + === + 0 W (1)

where n's are the number of moles of difrerant components which
are indicated by the subscrliptss ), 2 e~e=m, and p's ore their
chemicsl potentials., This aguation may be differentinted at
constant temperature and pressure with all components varisble

to give
AF = N diy + Npdiiy + gdng * ppdny +oeee + 0+ B (2)

The totsl differentisl of ¥ (T, P, ny, ny === nm) is

0 k«’ o ;
“ on i
Tlnljna.“'"nm P’nl ’na""’nm lP’T,ng"‘n
1 r ,
Bw) Do + (Sh) o, (3)
2?.#,“1-"1")” . mP’T,nlgna".nm o

a VAP » 34T + plﬁnl + padna + wne F gmdnm

where V 18 the total volume and & ia the entropy of the liquld, ' -

Fquating equations (2) and (3), one obtuins




- 0 -

VdP - 347 = nldpl + nadpa + wow nmdg},)n
' © 4 -
g Z nidui : (l‘-)
11
which is the general form of the (ibboeDuhem equation,

For a binary mizture, equation (i) is reduced to |
VAP - SdT = nyduy + nydu, (5)

If equation {(5) 1a divided by n, +n,, we have

VP = 8'aT = mdyy + CNLT (6)
where x's are the mole fractions of the liquid and V; and
3' ape the volume and entropy of one mole of the liguid phase,
The special forms of GibbseDuhem equation for binary mixtures
are gilven as followss

l. A% constont temperature

AP = xdn + (%), (7)
oy

ViR = x;dp + (Lo I

At equillibrium, (4y), = (p,)y, and 1f gombining
equation (7) with

de = RT d In £ at T = qunstent, where f is the
fupneity defined by Lewls and Randallu for geses, one obtains

ap
-%— = xyd 1nfy + (1 - % )d Infy 8t T = constant, (8)




or

dinf. dinf v ,
d'i?fx':%” m) + T?% % , at T = gonstant (9)
'where'% 13 the slope of the ocurve of the totul pressure va.
the composition of the liguid phase at constant temperature.
Usually the terms

¢

# &

f8 negligible. Thus equation (8) becomes

dinf dlnt '
Ei—n—x% = m at T = constant, (10)

The Vexey relationship of a binary mixture may be
derived as follows:

The total differential of Inf'sa for the vepor arel

0 1nf ?1ng d1ing
dlnfy = (s—ps) a7 + (5p-2) P + (5 Ay (1
¥

?, T,¥ 0 iny’p p
and
0-1nf, 2 Inf 21inf
dinf, = (=g )P.ydr v ¥ )‘r,ydp + (a———(g'——y-ln i szdln(l-y) (12)

Where y denotes the mole fraction of a component in vapor.

Substituting equations (11) and (12) in

vl

ﬁﬁﬁ aP = x,d Infy + (1 = x) dlng, (8)

one obtuins, 1f y ia taken as tho mole fraction in vapor of the

component, the ;nole fraction of which in liquid is Xy




v Jint 31nt  lng
B (oh) ave (b @ G n})delny. (13)

Py Ty
(1-x) (B’IM ) ar ?lm ) a l“fg atn (l-y)
+ - \ T + - ¥ n oy le
° oF ! Tyy L=y ).

If equation (13) 18 combined with equations (1), (15) and (16)

2 Ing D 1nt

i X 2

STy, © ST, ° (hs)

— o 4

2 1nf v

(-5--;,-’=> = = SRR (15)
25y ' " '

D Inf, v,

(=—f) = oA | (16)
Ty :

o )} —-—tt .
whereo vy and v, are the partial molal volume of the component

1 snd 2 respectively, one obtains, at T = constent

-t )
v inf
WA = x [ z% v+ (-5-11-3") . 1“4* <1~x)[;§- dp
2 lnf,
+ (-'-1-;;'('1-—” - )T R (Ley )J . {(17)
’u

On rearranging, this can be written

i 2 Ins

ii’?i ! - = - il " )

= cvm xVy (1 "‘,.’ v2] =x ( Ty )m Pdlny
d J

2 ing '
+ (1-x) (spriy )T.Pdln(l-y) (08)

%‘% = {rﬁ%t'w _‘ [ -;——1%‘;-1 dy at T s conetant (29)




where AV = xvi + (1 -x) v2 V' .

Equation (19) is the exact P-z-y mlacimah&p at
constunt temperaturs for a binary mixture.

I the wvapor phaao ia an ldeal pgas and i V:; s much

-t
less then zv; + (1 = x) v = f&‘; ’

t;hem equ&uon (1’5) 18 sipplificd to

2o At constent pressure

The totsl difrerventials of Inf are

D Inft, 0 inf
4 lonf, = --'—.T-‘L ar + = } dx at P = conatsnt (21)
Pox T,P . :
and 3 5 |
inf inf
dlufa - (-5--,3,-—2-) ar + (a T ) d {(1=x) at F - conatant (22)
P.x
Purthermore, .
- 9 inf WL H
(-ﬁl) a “l—'?"!" (23)
Py 3¢y , v
D 1nf 1 -
()  m Bk - (2l)
0 T ‘p,x RS

where Llig und Hg are the molal enthapy of the pure component 1
end 2 at the tﬂmperaﬁwe end pressure of the mixture respectively
and TI'.;. end 'ﬁ'é are the partisl molal enthapy of the ocompoments 1

and 2 respeotively, hence

Jinf
oX




and
] :
(@ - x) <-——-?&> @-x o (26)
RTg
. 2 1nf{ > inf
N ‘
- ..._....E. = 8
x (ﬁ)m + 1 -x) (5 >_?’x - (27)

. 130 o] ot et . -
where 4H = xH, ¢ {l=x) Hy = xH; = (lex) ﬁ'z is heat of mixing

Becauso of

91nf 0 ing
———‘-—‘-L -1
Y, (5ot )

one obtains rrom equation (23) (22) and (27}

ding’ ainf L BH : ‘
-—-——-l-dlnx = m’ RTZ 'd"i’ at P = eoonstont, (28)

The gxact Texey relationship may e derived in the
same way &8s in the case of consbtunt temperature and the

equation s

91nf 2 Inf |
H
- x( ) e (der) () ]a'r
[ G- =m0, - 0 5,
int
= (-—-1-;;:72"):11,? [}7%:;‘7] dy at P = constant, {29)

If the vapor is a mixture of ideal pghrses, aquatlon {29) vecomes

LH 1) Sod ey de
—%d& = ;ﬁ:—‘yﬁ- dy &t P = constant, (20)

vy
3. GibbseDuhem eguation expressed in terms of the activity

goaffiolent,

By definition, the motivity coefficient is defined as




r
L ;%/"1 | (31)‘

where f:l and i‘? are the fugarities of the ooréxpdnentz 1 in the
mixture snd of the pure component i at the femperature and
pressure of the mixture, | ,
. The GlbbseDuhes aquation exproaéad in térme of the

activity coefficient thereflore are

dlnY] dlny ' ‘o to P
Jox - S antiex) V- oxvy - (ex)vy7) %%

at T o= ggnawnh’ (32)
and
dln't"!‘ diny _ A
dinx = m; zlnx, + [xﬂi + (lex ﬁ?é - xﬂ’lo.‘ w (lex )H’g]
?f' ] at F = gonstant (33)

H‘i’
]
where V' - xvla - (1ex)v'2 o 18 the volume change accompenying the

mixing and A7) % (Lex) M = xiy® « (1ex) Hy” 18 the integral
heet of mixing,
A summary of the different forms of the Gﬁ.bbs-fzuham

eqmuiaa 18 £lven in Yable L,

L4e Integral form of Gibbs-Duhen equatlion for isobaric
condition
Por isothermel conditions bhe Gibbseluhem equations
2,i, and & in Table 1 should be used, Yet for the aoouracy

required for engineering purposes, the simplified equations




TABLE

Gibbs-Duhem Zquation for Binesry Mixtures

_1. General Form
VAP - SAT = xdw, + (L-x) du,
2. 4 lnr 4 Inf ¢
ot § v, 4ar
dinx dinﬁ.x *2 ox
’ at T = constant
d lnf d Inf
3.
"T"‘Ld Nk @ in{i-x)
at T 2 constant
and Uﬁ negligible
L kggg Y=X (Dlnf ) ay
® — — T
RY y(l-y)(xvl + {(lex) vy - Vm) > 1ny T,P
at T = gonstant
5. dP -
af T = consdtant
v& negligible
and vapor is a
mixture of ideal
8&303.
6. d 1nv. d lny ar

' to toq 1
TTInx - = Ty * Wy = 7y = Qex)vy] 57 5
at T = congtant




d 1ny. d 1ny
7
’ E"IEEL = H“EETTTQ)
At T = constant
V; neglipglible

d Inf a4 lnf 1]
8 Iy S« ¥\
R vl | inll-xf o dx

at P = gonstant

o inf
[ v 1

2 inf
- X ( ) - {lex) {§r~§-a) ] ar

Ply P. (1"3()
21nfy

o
5T, (-ﬁ—-Y-y) ay

9.

& (i

at P = constant

and the vapor phase
48 3 mixture of ideal
caBses,

10, g4t o
RS T s a1 S
at P = constant
and the vapor phase

i3 & mixture of idasl
gaaes,

d 1nv. d Ilny
110 1 E
Tinz ° din 'Ti‘a")'x . a,g % at P = cpnstant

wnl
whore i = xﬂi + (1-x) H, - xu1° - {1ex) az° is

the integral heat of mixing.




mll‘,q

3 5, and 7 may be used, Mn these‘equntiona are based most of
cﬁe’aemiéempirlcﬂl forme of the Gibbs-Duhem egquation. However,
for isobaric conditions, usually equations B, 9 and 11 should
be useds
It 18 usually required to evaluate & thermodynamic
property of one component from the values for the other
component or one thermodynamic property from the values fopr
other thermodjmsamie properties, Thus an integrated form of
the OibbseDuhom equation is needed. HMany intepgral forms of
this equation have been deveIOpsd.l'S
The intepral equatiocn for isobarie conditlion of a

binary mixture can be derived aa follows:

The excess free anérgy is defined as

?’E o - "5'%
AF® = AR, 4 = OFp ()
whore

OF 45 3 0y (iy=iig) + na(ua ws)3 (35)
and #

mix is the free encrpy of nixing of an ideal solutlon.
Becanse of @ = KT Iln £ = RT 1ln £° x Y, at T = gonatant,

we have &F,, = %ni RT 1n x, + Ei_nl:t RT 1n v, (36)
and
03]
BE (= Ei.ni RT 1n x,, (37)

because ¥ = 1 for ideal solution,

substituting (36) end (37) in (3U), we heve




B et

.- 15 =

aff = S ng RT 1n *1' ‘ (38)
1

If a funccicn Q 1s defined as
§ = 1§?§§~§§-
then (38) beoomes
a= 2 ox oy " | (39)

For a hihary mixture, thia reduces to

Q=R ln Tyt (loxi) ln ¥, at T = constant ,
and P = gonstant | -{40)

tn differentisting equation (4,0). with respect to X, one obtains

4 lny. 4 lny ’
% 51“""2“’1““{1*"2"3'2#"1“72' ()

I? aquation (ii1) is combined with ths (ibbs~Duhem equation

4 Iny x, 4 lny.
't 94

1
then we got

The final integrafed form fopr Laobaric conditlon is
xlu]_ ¥ : T at 11’1 '

j In 2k ax = -J 8 gz (.3)
X, =0 2 T at xy=0 RT”

bacause of

!
. L= 0

Rlﬂo
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In this equation, v, and Y, oun be calculated from experimentslly
detormined values of the equilibrium tempersture and composition,
Y.
If in ;;1- in plotted against x,, the left-hand side of equation (4lt)
2

RN, -4

can be evalunted graphically. If 4H is known as an analytioal
function of Lemperuture, the rightetand side of equation (4l;)
can be integrated or if AH 15 experimentally determined, then
the right-hand side can be cvaluated graphicaliy.

6. Adjustment of data
" Redlich and Kister' have developed an expression for
the function Q as a power serles of (xl-xal which 48

Qo= %y lnYi +x, 1nvé

On differentiating equation (4} ) with respect to x;, one obtains

§§;~n in é%’“ Blry=x,) + Cl6x, (1=%y )=2] + D(xl-xa)[1~8x1(1~xl)]
+ cne (L5)
Equations (4ls) and (45) are for the condliion nf constant
temporature and pressure, ror isobasric condition, when the
temperaturoe range is amull, equation (L) mey de used to
represent the relationship between the activity coefflielent and
the 1iquid compoaition., Decauss the temperature coelfficient of ¥
18 amall within small temperature range, 1t is sometimes Justified

to use oquation (4%) for representing isobaric data. The

constants B, €, ‘D etc. msy be oslculated by using the
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gxperimentelly determined liquid compositions and the oalculated

velues of Y, and Y, from the experimeatally determined data of

temperature, vapor and liquid compositions, [rom the evaluated
Y

constants, the curves for 1n #L ve. %, oan pe further adjusted.
2

By analogy with the binary aysten,

Redlich and Klster proposed that the ¢ function for the ternary

may be also represented by

~

Q123 = Qpp ¥ Uy *+ Uy + xlxaxBIC + Dy (xy=x4) +‘D2(x3-xl)
+ DB(xl-xa) + .'-C] “—l»?)

and ‘
1n "L = B plmaxy )40y, (Lxyexy)® = 2%,
+ Dla(xl"xz)[(xl"xa)a - uxlxal + oo
*x, IﬁqB-le + 823(232-33) + 931(2x1-33)
3(3x .ugax3+x3) - D (331~ax1x3*x3
* Clxyoxp) + Dy (~myX y02%) Ky 4% 1m0
2
ué(xleflexanxaxB-xl) |
+ DB(%E. - ll,xlx + xa) + esa0 [ ) (’48)

<+

+

Gyelic pormutation off tho subseripts glves the corresponding
expreasions for In Yp/ry or 1n ¥vy/7q. The constsnts in the
equation (47) or (448) may be determined in the aseme way as for

the binary systems,




1. Apparatus

There are several types of the equilibrium still
?f 12, ;33 commonly used for the determination of the vapore
liquid equil@hrium at atmospheric pressure, vacuum and
elevated pressares, Gilleap159 wae the first poerscn proposing
$0 oirculate hoth the vapor and the liquld phase by meana of &
Gottrel}.pgmp which brings up a mixture of vaporeliquid onto
the outside wall of the thermowell, Thus the temperaturs
measured is close td the true equilioriunm one. Furthermora,
the partiol condensation end entrainment of the lliquld in the
vepor sasple are eliminated, Besides supplying heat for bolling,
the internal heater also forms vapor bubblea that will thoroughly
atir the contents of the bolling flask, The vapor then carrles
some liquld into the Cotirell puwp. The mixture 1o aseparated
in the aquilibrium chamber. The equilibriuwn still used in the
present work is 1llustrated in IFige 1o It 1s & reciroulsting
8t1ll of Gillesple type, modified by Fowler and Morris. They
modified the originel Cillespie atill by the addition of a
1iquid receiver. The liquid separated in the equilibrium
ohember flows to the liguld receilver and returns to the bolling
Flesr, A eample withdrawn from this recelver is the liquid
that 15 in equilibrium with the vepor in the equillbrium chamber,

The capillary placed in the return line of the vapor condensate
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deoreages the holdup of the liquid end minimizes the fluctuation
of' the ievel of the liquid during boiling. The present apparatus
differs Ifrom the modified model in three assentlal aspecis.

(1) To obtain better measurement of equilibrium
tempersture, a vaouum-sealed double-jaciet gless thermowsll was
used for the insertion of the hot junotion of the thermocouple.

(2) Por better mixing in the liqutd and the vapor
condenaate recelivers, a double-jacket tube was used instead of
the simple tubing. ,

(3) The internal heater in ths originol still 1s placed
at the top of' the boller. Alr tubbles may form around the opening
where the heater 18 inserted and also the 1iguwid mipht come out
of the openinge. The Internal heater used for» the present investi-
gotion was placed at the bottom of the boiler to avoid these
phenomena,

The 841l was mude of Pyrex glass, The boller was
heated both externally and internally., The internsl heater was
a 100-vwatt rown and lo, total immersion glass-sealed wire-wound
A Ce resistor, provided by the hited Giassblowing Laboratory,

The external heater consisted of 1/2 inch electrothermel heating
tepe having a resistence of flve chms per foot, wound evenly
around the boller, The heating elementa were connucted to
sgparate variablee-voltage autotransformers from a 110-volt A.C.
power supply. The Cottrell tube and the equilibrium chamber

were insulated with asbestos and raw silk, The temperature of
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the equilibrium mixture was measwred by a copper-constantan
tharmocéuple. The cold junctlion was irmersed in an lfece-water
bath in a Demwar flasik, The hot junction was pluced in the
themowell of the atill. In the thermowell a few drops of
silicone 70L of Dow Corning Silicones L1d was added to provide
a good contaot for the leand of the thermocouple. The thermo-
couple was calibrated by the courtasy of the Phyaleal Testing
Department of the National Resesrch CGoucil of Canada, SYhe
eccurucy was of 2 2,02° ¢, over ths required tempersture range.
For interpclation, o table was kindly supplled by Ure ToWe
Dauphinee of the Nationsl Research Council. Densitiss were
determined at the temperature of the sanple by welphing
pycnometers with a (Grameatic belance., Refracotive indices were
determined with a Daush and Lomb ABLE-3L precision refruactometer
using 8 godium vapor lemp illumlnator, The glass«piece ol thé
refractometer wes maintained at 25° ¢ ¥ 0,05° ¢ vy oirculating
water of a constant temperature from & water bath In & tubling
wder the glasseplece.

Auxiliary spparatus includsd the f'ollowing ltemss

(1) Potentiometer |

The Potontiometer usad wes 4 Leeds and Horthrup
Uhiversal Type Ke3 potentiometer with limlts of error of & 0,01
+ 20uv for the hipgh range (D-1,61) volt); 3 0.0L5% + 2uv for -
the medium range (0=0,6110 volt) and & 0,015% + 0.5uv for the
low range (0=0,0106110 volt).
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(2) A gslvanometer
The galvanomoter used wos a Tinslay type SRI suspension
model. |
{3) A working cell
The working cell was an Exide Tytex 2-volt lead-acld
buttﬁ'a’rjf'méde" by the Eleotric Storage Co, Canada Ltd,
L) A standard cell
The standard cell was an 11L9-type saturated cell of
Tinsley - Instrument Ltd., Smith Falls, Ontario, Csnade. Its BMF
was 1,01859 abaclute volts at 20° C.

2. Material

cavbon tetrachloride, cyolohcxane ang iaoprcnpvl
alcohol of the spectrogquality of Matheson CQMman and Bell were
used, Theo refraotlive 1nc&ces, and normal, boil.ng points of these
liquids were determined and the cowpericns of uhese veu-ma with

the accepted ones s are 1isted in Table 2.

TABLE

Fhyslcal Propertiss of the Chemioals

Normel Bolling Foint Refruotion Index
Obgerved Literatura Ohservaed Literature
Carbon tetrachloride 76.61° ¢ 76.75° ¢ 1.5570 1.45704
Cyolohexane 80.70° ¢ 80.72° ¢ 11235 1.42354

Isopropyl Aleohol 82.00° ¢ 82.,19° ¢ 143750 1.3749 |




3., Measurement

- (1) Cherging the atlll
; , The atill was dried with filtered dry air und ringed
with one of the pure components of the liquid to be used., Then
1t was f1lled with the liguid. Distilled water, sthanol and the
mizture of both were used for testing the performance of the still
and the asccursoy of the temperature measurement, Ixoellent
agreement was found for the boiling polnt of ethanol and water
with the accepted values for thom and with the data of Otsukl

and WIIliamalu for the svetem: eothanol and water as shown in

Table 2.
TABLE 3
erimental Vapor-li Equilibrium Deta
of the Syetems Ethono)ewater at the Pressuns of 76gg§;§gp
Equilibrium Vapor Liguid
Temperature Mole Fraction ole Fraction
_in % of Bthanol of lthanol
95.3 04162 0,015
89,92 0.3% 0.052
B5.07 | - 0.470 0.13L
80.95 | 0.610 0. 386
7846 L 0,792 04759
Normsl Boiling Toint
Observed Literaturg
fthenol 76.24° ¢ 78.33° ¢

Water o 99,91° ¢ 100.0° ¢
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For the binary systems, the 3till was filled with the
1ess volatile component first, The bolling point ol the pure
i component wae determined. Then wixtures of inecrsasing amownt
of the more volabtile component were used for successive runs,

Tor the ternary systems, mixtures of fixed cwposition
of 1sopropyl elcohol and syelohexans Were prapsprad and inoreasing
amownt of capbon tetrsohleride was adsed for suegeesalve rang,

{2) Procedure

&) The boiler, the liquld receliver and the vapor
condengate recelver wore filled with the mixture for the run.

b) The two heaters were switched on simultansoualy.
The extoernal heater wags sdjusted to supply alightlj less heat
than that Trom the internal heater, As soon a8 the Cottrell
tube sterted plmping ligquid and vapor lnto the equilibrium
chumber, cooling water was admltted to the oondensexr, on top of
which & reducing tube with a enmel) amount of #ilica ol was placed
to prevent the moisture in the alr from contominating the condensate.
The heuting wae adjusted wntil the liquid in the enlarged tube
aroind the drop cownter gently pulsates and the condensed vapor
and the liquid dropred intc the drop counter at o desired rate
of approximately 30 drépa a minute. The heating was continued
wtll tempersture showed no change on successive potantiometer
reading. To ensure trie eqilibrium, ample time wss allowed for

emch run. On the avernge, five hours was &llowed,




(3)

- 2L|_ -

¢6) Observations made during operationss

(1)
(11)
(114)
(1v)

{v)

(vi)

Take bapometer readinge.

Check the reference jumotion temperature. .
Take potentiometer reading.

Withdraw the liquid and the vapor samples
simultaneously into separate volumetric
bottles which were kept in ice, A small
enount of liquid from each receiver was
first disocarded,

Take readings of the refractive indices

of the samples, euach time checkdng the
temperature of thae water bath which should
be at 25° C.

Welgh the samples in & pycnometer and take
the temperature of the gample in the

pychometer,

Galibration

a) Analysis of the semples of the binary systems

Refractive index readings were taken for btinary mlxtures

of known composition at 25° C us piven in Tables L4, 5, 6.




Collbration: Refraotive Index of the Mixturess
Carbon Tetrachloride and Cyolohexsne

Mole Fraction w25
_ of C(}l&
1. 0.063 14247
2. 0,150 1.4272
3. 04202 1.4290
be 0.272 1.1l
Se 0352 1.2k
6. 0,379 1.4351
7 0.:63 1.4381
8. 045110 1.41409
9 0,623 Lelsly 37
10. 0,736 1.4478
1. 0.758 1.4500

12, 0,869 1.4537




TABLE 5

calibrations Refrapotive ingex of the Mlxturess:

Carbon Tetrachloride and Isopr Alooho

Mole Iraotion 25

of Gglk ED'
1. 0.036 1.3786
2e 0,065 1.381h
3. 0,105 1.3854
Lo 04149 1.3895
5 D.172 1.3913
6. 04273 1.4000
7. 04309 1.40%
8 0.136h 1.4167
9. 04551 | 1423
10, 0,69 1432
11. 04735 1ol 370
12, 0,748 1.4382
13, 0.852 1.3861

lu.‘ ; 0067? 10&-’-‘73
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TABLE 6

calibrations Hefpactive index of the Mixturess

1.
2e
..3.

Se
6o
7o
8.
94
10,
11,
12,
13,

o

exane and lLsoppopy

Mole Frection

0.0l
0,078
0,120
0,156
0.190
04297
0.400
0516
.84
0,600
D709
0.775
0.861

Ale

oL

325

1.3770
1.3767
1.3810
1,382}
1.3846
1.3901
1.3955
1.4007
14022
1.45048
1409
l.4125
1.4165
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tharts were prepured from the Tables for the

analysls of the samples,

i Densitios were menpured fpom the samo mixbured

at the temperabure of the mixztura as glven in Tables 7, 8, e
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TABLE 7

Density of the Mixtuves:

Carbon Tetrachloride snd Cyclchexane

Denaity of Mixtures 061112 and CClh 27.5?;? (}Glu
Rafractive Index l.434L

Tepperature in Degree Centiprsde Density 3 o
19,6 | 0.98544
18,8 0.98658
22.3 | 0.98250
2l ~ 0.98335
15.3 | 0.99047
16.5 0,98918

Denalty of Mixturas Céﬁla and 061h 35.3% Cclu
Refractive Index l.h34lt

Temperature in Desres Centigrade Denslty in gg,gco,

19.7 1.06025
19.1 1.06920
15.6 : 1.06538
2242 1.05726
21.7 1.05757




« ) -

Density of Mixturei Cgliy, and CCY) 115.8% cely,
Refractive Index 1l.4.361

Temperature in Desree Centigrade Lensity in grs/ec,
20.1 1,14633
18.9 1.14789
16,5 1.15076
223 1.14329
21.8 1.14390
15.3 | 1.15226

Denaity of Mixtures ‘cﬁula and CClu 62335 _C'{zlh
Rofractive Index 1.41437

Tempayrature in Degree Centiprade Donsity in gre/oo,.
197 C 1.28612
19.2 - 1.28725
1640 0.88571
18.7 | 2.88178
22. 0.87621

2le3 1.28350
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Density of ifixtures Cghy, and CCY) 73.3% 6oy,
Refractive Index 3.Ul,78

Temperature in Degree Centigrede Density in gr./cc,
20k | 1.37822
19.0 | | 1.37893
22,1 1.37516
2l.3 1.37671
T 15,5 1.30627




- 32 -

Dansity of the Mixture:

Carbon Tetrachioride end I1sopropyl Alcohol

Donsity of Mixtures 03380 and CClh 19,

Temperature in Degpes Centigrade Density in e foc,

22.7 0497614

20,0 0.97686

20.1 0,97785

23.4 0.97649

19.7 0.97899

19.3 0.97942

18,0 0.98059

0.98036

17.1

Refroctive Index 1.3937

Gib 301!#

Density of Hixtures C,ig0 end ce1y, 36.4% "C"u

Refractive Index 1.4081

Temperature in Degpree centiggade Denait

18.8
19.8
2243
2l.l

I _{gre/00
1.1068
1.1054
1.,1020
1.2036
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Density of Mixtures 031i80 and cmh 38 ,6% G‘Olh
Refraoctive Index 1,400

femperature in Degree Centigzrade Density in gr./cc.

23.0 1.1446
21.9 1.1466
17.6 1.152
20,1 1.1487

- 23.8 141437
19.9 1.1487
19.1 1,195

Density of Mixtures °3“8° and ccs.u LS. 3% ‘mu
Refractive Index 1.4156

Temperature in De@-ge céngi@ade Density in gr./cc,
19.4 | 141651
18.0 1.1710
18.9 1.1698
2245 1.1647
2203 : 1.1657

20,2 1.1680
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Density of Mixtuwree CBHBO and CClu 88.95% ccln
Refractive Index 1.l264

ferperature in Depree Centimrade Density in g, /oc
2045 | 1.32070
2242 | 163044t
237 : 1,3021
2.3 1.3052
194 1.3085
1749 1.3207

Donsity of Hixtures c3uﬂo and 001u 7973 cCly,
| Refructive Index 1l.4hL20

Tempeprature in Degres Cenbigrade Denni n /os
2245 1452
23.6 1.4513
2061 1.4582
9.4 144590
at. 1.4555
1746 ‘ 1.4620
17.7 1.4619
216 ' 1. 0990
19 1.1036

179 1,1076
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TABLE O

Denpity of the Mixtures
Cyaolohexane and Isopropyl Zlcohol

Density of Mixtures Cqfig0 and CgH) , 27.l Hole %

Celyo ,
1 ‘Refractive Index L,3090
Temperature in Dspree Centipgrade Denaity in ce
22.5 0.77773
22.0 0.77730
19.8 0477995
22.9 0,773
19,9 0.78008
9.4 0.78060
20,7 07793
20.5 0477957
19.5 0,78032
19.7 0.78028
28.3 0.77243
2749 ‘ 0.77278
20.1 0,77980
19.9 0.78003
19.5 0,78041

17.8 078146




2.5
21,7
26.6
23.5

077596
0.77672
0.774.07
0.77698

Density of Mixture: C4fig0 and G M), 39,7 Hole of Cgll.,
' Refractive Index 1.3953

Zemperature in Daprae Centiprade
8.4
21,2
25.6
23.8
18.2
25.1
18.9
2yl
22,1
2343
22.9
15.9
20.3

Lenalty in gr,(cc,

0.77923
0.77724
0477322
0.27496
077979
0.77372
0677902
0eT7h2h
077639
079010
0.77602
0.78194
0s7779%
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Denalty of Mixtures GBI!BO and Gell, o, L19.l #Mole ¥ Ceihy o
Rafractive Index 1.4000

Temperature in Demree Centigrade Density in pr,/ccs
22,0 04771168
25.3 04771265
18.8 - 0.77784
19.9 0.77682
21,3 0. 77554
- 23.5 | 0477354
17.8 0,77869

Density of Mixtures 03H80 and G6H12 S51.5 Mole # ety n
Refractive Index 1.4009

Tegmeratgge 4a Depree Centigrade Density in o/C
19.2 0677700
21’03 0077501

Density of Mixture: C,Hg0 and Cglly, 758 tole £ Gy,
Refractive Index 1l.4117

Temperature in Depree Centlgrade Density in pr,/cc,
20. : 0477546
22.5 0477346

25,0 0.77124




- B =

Density of Mixtures 63380 and C M, 8.8 Mole ¥ Cety 5
‘ Refractive Index 1.4069

Temperature in Damxes canttggada Bensity in gre./oc,
20.2 0. 77494
2y 0.77117
2003 0.77503
18,3 0.77679
28 .0 076733

| 20,3 0477512
21.2 2477336
19.6 0477565
22.4 Qe 77207
2509 0476985
23.7 0477186

Density of-lMixtures 03380 and Gyl » 80 mole % of Cely o
Refrective Index 1.1

Temperature in Depree Centigrade Deneity in gr,/cc,
21.0 | 0.77h33
18,6 : 0.7765Y
2145 0.77360
20,1y ~ 077520
5.4 0.77930

16.8 N.77822




-
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-

Density of ¥ixtures 03383 and 36”12 86 Mole % 06312

Tégggrntggg in Depree Centipweade

21.2
15.6
16.9
17.6
19.3

a2

Refranotive Index 1.4165

Density in pr,/oo,
0 770L7
077960
0477847
0.,77675
0.77617
0. 774i2

Density of Mixtures G4Hg0 and CgH, 86,1 Hole % Ceily o

Temperature i Deprae Gentlgzrade

2.2
15.6
16.9
17.6
19.3
21,2

Refractive Index 1.4165

Denslty in eg

0. 77Ul?
- 0477960
0.77047
077675
0.77617
0e77h4t1
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A chart was drawn of temperaturse vs8, log of density
with odmpbaitiom as an add!tlonal parameter for cach mixtura.
In the temperature ranges used the relotionship was found to
be linear. From these lines, a curve for dénaity V8. | |
compoaition was drawn for the partiocular temperature st which
the density was determined. From this curvo tho composition
of the smmple was road.

The acmposlition of the vapor and the liguid samples
of the binsry ayatems was read Irom the refractive index éhérta
end the density charts. The two readings Were round to be in
agreement, ‘ A

b) Analysis of the samples of the ternary systen.

Thirty-five testing mixtures were preparcd from flve
binary mixtures of oyclohexane and laopropyl alechol and different
amount of carnon tetrachloride. Refractive Indices and denslities
were determinsd for each mixzture as were for the binary mixtures,
The refractive indices end the denslties ol the ternary

mixtures wore given in Table 10.
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Graphs drawn to provide the analysis of the ternary
ayatems were listed as followings
Piret sets Hefractive index va., mole fraction of carbon
tetrachloride with the five binery mixztures as an additional
- parsmetar.
Second set: Temperature vs, log of density with mole fraction
of GClh as an sdditionzl parameter. Pive sets of this graph
were drawn, cne for sach binary mixzturcs of cyclohexsne and
iscopropyl &lechol. |
Third sets Density vs. mole fraction of carbon setrachloride
with the five binary mixtures as an additional paramcter,

Fourth sets Compositions read from curve of the first aet

corrasponding to the refractive index determined for the sumples

were joined in a curve in a triangular graph paper. fnother
curve was drawn on the same graph peper with conposlitions read
from the third set of graphs. The composition corresponding to
the intersection of the two curves in the triangular groph

peper was read as the composition of the sample analyzed.
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V = REBULTS

l. Bin stem
The measured composition of the 1liquid and the vapor
in equilibrium and the equilibrium tomperature are preserited
| in Tables 11, 12 and 13 and Pig, 2, 3, 4, 5, 6 and 7.
Azeotropes were found for the ayatéma carbon tetrse
chloride and Jsopropyl alachol and the syatems oyclohexane and
isopropyl Aloohol. Values are lisced in Table Ll. 7“he values

are in closc agroement with literature valuea.ls
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Q;gevgmentn; Data of the Sgsﬁem

Carbon Tetrschloride and

Gyelohex ane

Zguilibrium
Temperature in
o Centigrade

gp_ nt Hpe Pressur
3 80,3l
2 . 79.60
3 79.66
b 79417
5 56.88
6 79.10
7 76,70
8 77406
9 77.07
19 77140
1 77.53
12 77.63
13 78,06
17 7846
15 78.80
16 79425
17 79454
18 79473
19 78.07

Compoaition in Mole Fprsction

of Cerbun Tetrachlorids
Napor Elgwld
7 1
0,068 2,045
0.155 2.324
00163 0.1 3
0.230 0,201
0273 0.256
0.220 0,201
0.805 0.791
0.693 0,675
04696 0,685
0,600 0,579
0.569 D540
D515 0.519
Okt 36 D412
0.5 0o 30
04285 0260
0.230 0,198
0,171 0.146
0.2.3¢ 0,113
0sl427 0.L30l
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TATLE
Expergmengg; Datn_of the Systoms
e}
Carbon 'Z‘a%racg;og de_and Xemx-og"’x; Aloohol

Equilibrium
Temperature Iin
Degree Centipgrade

Composition in Mole Fraction
at 760 mm Hpg Pressure

of Carbon Tgtga%'xlgrﬁ.ae
vapor 1qui

3 e S
79415 0.1.38 0.088
7571 0.283 Del0k
74490 0.700 0,138
71.62 O.l1.38 0.236
69.28 0,702 0,817
69,00 0,708 0.789
68,75 0. 629 0,603
69.15 0.58) O.22
71.76 Oe4433 Ne225
70,12 0.497 0,317
70463 04473 0,289
70.51 0.483 0,294
72,54 04399 0,190
he27 0,306 0,140
69454 04300 033
71.40 0.842 0.946
.79 0,940 0989
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TADLE 13
gparimentag Data of ha HSyratens

Qxc;ahg;gg sna Isoprp__pi Alpohol
Equilibrium
Temparaturs in
Degree Centipgrade Gomposition in Mole Iraction
Run at 760 ym g Dressure of Sspbon Teumgg;crida
: Yapor Liguld
e —
1 69435 0.555 D73
2 69437 e 556G CLhii2
3 65,00 0.502 0,53
L 69,10 D627 04708
5 69115 04660 0.784
6 £9.20 0,570 . 0516
7 68,80 0.553 D528
8 69.21 0,605 0,631
9 69.42 0.649 0.7he
19 69,66 0,673 _ 0.897
11 7011 0,697 0,662
12 S 71.50 0,773 0.921
i3 Th.01 0.8128 0.990
1L 76.73 0,593 0.995
15 Th .96 0,283 0.116
16 .80 0276 0120
17 72,28 0.271 0191
18 70619 ~ 04189 - 0.306
19 69.11 0.558 0.518
20 691k 0.572 0.516
21 69.02 0,548 0485
22 69,08 0.582 D571
23 69,06 0.595 0640
24 TheTlt 0,850 0,978
25 70.30 0,709 0.873
26 78.71 0.112 04027
27 76.91 0.218 0.070
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y, MOLE FRACTION OF CARBON TETBALCHLORIDE IN VAPOR
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760 m m Hg.

FIG. 2
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t, EQUILIBRIUM TEMPERATURE IN °C
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TABLE 1L

5zoatrqpoa Binary Systems

Syatqmt ccl& and 06312

Hone '

systems 0Cl, and C Hgd
:“Litaraturc vn].'uel5 Bxperimentel value

Mole £ cCY, = L Ehe02% C 6l.e0F
o (wte % of COY = 624)
" Bgquilibrium temperature 68.95° ¢ 68.65° ¢

Systems 66312 and 03380
Literature valuel® Experimental value
Mole & Cl,, 59+25% 59¢2%

(wte % of C,Hg0 = 33%)
Equilivriun temperature 68.60° ¢ 68.80° ¢




2. ITernary system

The measured composition of the ligquid and the vapor
in eqxilibriim and the equiiibrium temperatura of the aymtem:
carben tetrachloride, cyclohexane and isopropyl aleohol are
presonted in Table 15 and Fige 8, 9, 10, 11, 12 and 13.

. There 1s an ezeotrope in the neigaborhood of the
mixture of composition 0.48 mole fraction of ocarbon tetrae
chloride, 0,18 mole Praction of cyoclohexene and 0, mole
Iraction dr‘iaoprcpyl aloohol where a lowest equilibrium

tomperature of 68.40°C was recorded.
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TABLE 15
Experimontel Data of (he Systems

| 1 2 3 |
gerbon Tetrschloride, Cyclohexune and Isopropyl Aloohol

. Bquilibriun CGomposition of vVapor Composition of Liguid
Temperature in Yole Fraction in Hole Froction

R in % i Y2 T2 1 %2 *3
1 70.1 0155 0,376 0,469 0,118 0224 0,658
2 69.2 0273 0429 04323 0,202 0.219 D579
3 68 532 Oo 389 0.19 0.&-13 Oo 326 .)01515. O.SEQ
L 63.55 0e502 0,139 04359 0473 0,135  0.392
5 63.&5 0563 04111 0,326 0.567 0,118 0,315
6 68,00 068672 0,013 0,315 0,720 0,05% 02,215
g 70.10 D0eT6H2 0,037 0,200 0,875 0,032 0,093

69,10 Delly7 0,428 0425 0,119 0,367 0.514
2 680 Delfd 3 0233 04380 0,207 0,223 0,390

10 65 .44 0,38 0,337 0.325 0.406 0,163 0.i:

11 6845 2.480 0,172 0.WB 0483 0.172  0.3UH

12 68,69 0577 0.132 0,291 0,622 0,148 0,233

1 69,00 Qe66L 0,036 0253 0,757 0,103 0,140

1 72490 0.893 0,021 0,086 0,952 0,022 0,026

15 68,80 0,133 0,485 0,382 00,117 0447 0.436

16 68,60 06229 Dli03 0,368 0,222 0,379 06 99

1 68,50 Oe gl 00309 0.UT 0,351 0,320 0,329

18 608,62 Oug5 0215 Qeli 3 0.229 0,240 0.271

19 68,8 0,551 0,165 0.20h 0,617 0.192 0,191

20 69,55 0,650 0.1 e} - e -

21 71 .SO ().8':)1 0.063 0.13‘3 Ooe'ﬁh 00056 0.058

22 68075 ~;"-- - o hadad 30122 00561 00 317

23 G860 De2W Oyl 0,323 06253 0472 0.274

2’.[. 66.60 Oe 3’43 Oe 346‘ Qe 31?- Oe 36‘3 Oe 39u D.226

25 66,40 Qali77 9195 0,328 0,481 0179 0.0

2 69,00 0,586 02,252 2,162 0,725 02.090 0,185

el 72430 0827 0,066 2,107 0,093 0,068 0,039

29 69,10 Del26 0557 047 0e13) 0,647 04200
30 69,10 .22l 0486 0,290 0,356 2.9 D245

31 69 .L‘-O Do 3’&5 De 388 0'267 Oe 397 0.“72 001 31

® 69.60 o.gﬁT 0:292 06201 0,52l 04379 0,097

33 79420 0,653 0,077 2.279 - - -

71.60 0,699 0,163 0,132 o.ggo 0.179 0,051

35 72416 2848 0,078 0,07 0,889 0.077 0.03
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Experimental x-y diagram of the éystem

~
0.375 mole fraction of J6H12

carbon tetrachloride, cyclohexane and

© -- vapor, y in mole ¥

isopropyl alcohol

. == liquid, x in mole %

g

>

TR

<RI

KISl

~ )~ r'\ -

AR|KER

SCRIERRE
CEERERR
CREEEIRER

SIIPIEX

2t b ‘\!.

A5l

4 1S

1

0 10, and .10 might be wrong

Y ANAYAAXE

a -

<M
<1
TRE
S
SIS
PR
SIS
I
K
SRS
- -
2
1K
R s 4
SN
R
Ak
SR P
NKES
SR
ISR
SIS
SIS ISR
S
S
SRRk
sk
o3>
i

GAYAYAYAY
A}
7
%

Q25
\[[\f
Spepe i
)
itk
SR
Rk
S
sl (40
AU
< s
s bt B
PRUKEK
SISNE
SIKIKCK
SETSEY
PRSI
SRR
PRI
AR
UK
SR
XL <
N Ny
3R UIs
Pt e)
z NS
> <
. b
M <
<
<
>

YAYAYAY)

A

7\
7

X A
AV g
AAD

72y =

A
A AT
o/

el
Ny Ay

AN SRRV AT Y]
RTAYATAVAYD
EYAXAYAVAY)
< g

R N
B
)

YAGRRAY)
NNTU

N
YAV
Y

N

YAYAY2

N




CCl, added to the mixture of C6H12 and

C3H80 of composition:

Experimental x-y diagram of the system:

0.50 @ole fraction of C6H12
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VI « QALCULATION

l. Correction for equilibrium temperatuye

The 8till was operated under atmospheric pressure
which may differ slightly from the standard pressure of 760 mm
Hge A correction to the measured equilibrium temperature was

made acoording to the Craft's Rulel(’ which is
a4t = o (760 - P) 7 (49)

where T 18 the measured equilibrium temperature in °K at
pressure P taken from a barometer and ¢ is an empirical aonstant,
For this investigation, ¢ was taken as 0,0001.
-Sample calouwlations

Run 1 of the ternary system,

T = 70,20 + 273,16 = 33,36 %K

Barometer reading = 76lmm Hg,

4t = 0,0001 (760 = 761)(273.16 + 70.20) = «0.03°C,

2, galoulation of log Y
If the vapor phase is considered ideal at low

pressure, we have
‘ o
where Py is the partial pressure of compenent i, P, 1s the

vapor pressure of pure component i at the temperature and

presaure of the system, P 18 tho total pressure, ¥y 18 the




liquid activity coefficlent, vy 1a the compoaition of component
iin vapoi' phase and x4 is the composition of component &
i1 1iquid phase,

Prom equation (59), one obtains

y o
10;; Yi = 108 x"‘i' X ;’g‘g . (51)
i

In order to teke into consideration the imperfection
of the vapor phase, \'io’nl'sz* oquation is used to csloulate log v,
which iz

B, 2, (P =P%3° -y
lo.g'rialogxi % p°*mm. (52)

i

vhera P = 760mm Hg.

R 18 the gas oonstant = 82,057 (atm) (om>)/g mole °K,

Yi and %, are maasured vapor and liquid composition
of component 1 in mole fruaction,

T 18 the equilibrium Semporature in %% at the standard
pressure of 760 Hg.,

Pi° 1s the vapor pressure of the pure component i at
the oquilibrium temperature and pressure of the system, |

Vio is the 1liquid molal volume of component i and ;310
15 the second viriel ccefflicient of component i,

The sacond term on the ripght hand of eguation (52)
is the correction for vapor imperfection.

In using equation (52) to caloulate log ¥, for the
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binary and the ternary systems in this investigation, the vapor
pressurﬁs'wero tuken from charts drawn with experimental values

fram'litarubureulﬁ'lg

as glven in Table 16,

The second viriael coef'ficient of carbon tetrachloride
wag celoulated apcording to the equation given by Blaek.17
Those for the cyclohexans and ieopropyl alcchol were talken from

‘ litaraﬁuraa.l7'21

TABLE 16

Yapor Prossure of Pure Substances

Température Carbon Cyclohexane Isopropyl
i % Petrachlorlde in mn “§f°h°1
30 11,55 121,60
40 213;3& 181,61
50 | 302,04 271,80 176.8
55 . 227.4
60 Ll .28 389.29 288.5
65 | 363.1
70 | - 6L7.43 54.3.93 4548
75 | | 561.4
80 : 3427 691.8

85 - | | 845.6




The liquid molal volume was caloulated by Lindersen,
Gx’eankom'and Haugen'aal method given in Reld and Sherwocdis

Properties of Cases and Liguida.

Sample Calculation.

(1) The socond virial coefficient for oarbon tetroe
chloride, ' |

The equaticzyuéed to calculate the secund virial

coafficient is

B = b -ad/up (s3)
where b = ER%%, aagg- biTe
and ' B' 0' , s !
A + + = . ( )
PR 0T .

For carbon tetrachloride, T, = 556.4°%, P o @ U5 eta.

b = 5-3-%*-5’—‘25{55%59-& s 126,83,
g = 313126,3326&063: b66ely = 19,584,000,

A = 0,396,8' =1.81, ¢' = 0.064,0" = 0.384, E' = 0

Substituting the constant in (54 ), one obtains
. ;E;QJ, 0.8
a 0, 393 rS e - -J-—ék 4+ gﬁ%ﬁ’:ﬂ
r 72 3

In Run 1 of the syatem: oarbon tetrachloride and

isopropyl aloohol .




s 352,31 %%
T, ® G.63329

8 0,8
t = 0,396+ gidGh - el -y 63333

s 1,6184
Subatituting the caloulated values for &, b and § in
‘equatian (53), ane obtains the second viriel coefficient of

cérbon tetrachloride as

B = b - at/ar

= 126.83 - ) . 00

X 1,618 \
x 3 ™ = -967.2
(v) Liquid molel volume

The aquation used is
Vfry = Vofr, | (55)
In equation (55) Vy and V, are 1iquid molel volumes

at two different temperatures and fp, and f p. 8re the oorresponding
L 2

reduced density which is definel a:x

Pry

fr = =L
fo
In usiz:ig equation (55) to celewlate 1iquid molal volume,
relisble expe:'imenbul value oflliquid molal volume i talien for
Vl » usually volume at normal bolling point, Ve is calculated by
taking readings of 5’ ”1 and f Py from the table for Reduoced

PV

Density of Liquids which is a funotion of fr and Z, = 22 ,
. & O
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There is such a table on P, 61 of Reid and Sherwood: Properties
of Gases and Ligquids.

When VN;E.P. s not available, liguld molel volume
at any other texmerature is uged as ¥y and‘vﬂ.g.P. 18 calculated
as V, by using equation (55)}e The caloulated Vy.n.p, 18 then
used as Vy to ealculate liquid molal volume at any other
temperature by nsing the same equation.

Ths 1lguid molasl volume at normal toiling point for
“earbon téérachlarlde and c¢yclohexane were taken Srom litcraturaae
102 co/g mole wasm taken for carbon tetrachloride and 117 cc/g
mole foy cyclohoxans, ‘

The VH.B.P. for laopropyl alcohol was caloulated from
11quid molel volumo at 30°C. Tho caloulated ¥y ; o Was
8liell oo/ mole, TFor Pun ) of the system carbon tetrachloride
end lgopropyl nlcohol,

'r:, = (0.,693, Zc w 0a878, VH._B'?' =y, = 8he110.
and  ry = 2,533, ry = 26547 reed from Table 3 = 4 Pe 61 Reid

and Sherwoodj Froperties of Gasos and Liguids, the liquid molel
volume for l1soprepyl mleoohol at T = 353416%K 1s given as

r
V, = 9;% vl = %fgﬁ% x 8he110 = 83,647 co/z mole.

(¢) Caleulation of log ¥

In Bun 1 of the system carbon tetrachloride and
1sopropyli alcohol




~62-

T = 352,2°%%, *’10 = 812.0m P - P% = 252,0m
31° 2 96742 co/y mole, Vla = 102, 3 cc/g mole ﬂiD - Vlo

3 «1069,5 co/g mole,

The correstion term for vapor imperfecticn is

(P « P,%) (8,° ; _‘
(55200 X (10695
6 x 2303 ”T % 7O0.% 2.303 xi'é?"éulé"“.o x 352.3 ° * o.poul

3'1 0138, xl = 000589

AN p 0,12 9
xlx;-—aab-:%g%xmaa.eaé&
AN

1

log =
x o
1 Pl
and y ( 0y ( °)
1 p P = P ﬁ - Y
& E”‘l p.° 700 X 2o 303 U

1
a 0,3W77 + 0,001 = 0,388,

Al the values teken from charts prepared with
literature values and walues oaloulated for the vapor brassuraa,
the liquid molal volumes, the second virial coefficients end the
correctione for vapor imperfection for the binary ayastems are
presented in Tables 17, 13, 19, 20, 21, 22 for the ternary systen
in ‘fables 23, 24, 2%,

The calculated log v and log ;l for the binary systems
are presented in Tables 26, 27, 28, 29, %0, 31, 22, 33 3% and
™Mg. 14, 15, 16, 17, 18, 19,

The caloulated log ¥ and X log Y for the ternsry system
are presented in Tables 35, 36, 37.
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TABLE 23
Correction for Vapor Imperfection for the Systems
, carhg% Tetrachloride, Cyglogg;ane and IaoprngI Aleohol
' O o o]
pop® 8.0 = y.° (P=P, ") (B, "=V,")

— 3 b N 0x R x %;30%“3 T
19 139.5 .113901 "0.0032
2. 156.0 "11 01 ‘0. 0036
3. 165.0 "'llu .O -000039
. l}o 170 0 "'1150; 0 -O.ﬂOl;.O
6. 165.0 «1148,.0 «0,0039
7e 140.0 =1133.0 «0.0022
8. 160.0 «1106.0 =040037
90 172.0 "1151 09 "0.001&0
10, 171.5 «115%.9 «) o 3200
i1, 171 .ﬁ "115009 Qe 09&.0
iz, 169,0 «1150.9 0,000
13, 161.5 =111i6.0 «0e 0036
12&0 81{..0 -111]4..5 -O. 0019
15, 165.0 ~1148,0 -0.0038
16. 169.0 -llh& 09 '0. 0039
17 [ 170 [ 5 "’111}.8 .9 -ﬂ. 001‘.0
18. 168.5 2148 .9 «0.0039
19. 16L.8 «1148,0 «0,0039
20, 151.5 «1150,0 =0.,003%
2l. 113.0 =1134,0 =0,0026
22. 166.0 «1148.,0 «0,0039
g&. 169.0 «11148,9 «0,00l.0
@ 16‘8.0 "11&902 '0.0039
25. 1?2.0 -1151 09 "0. 00’#0
26. 17).[,.5 "1151 09 -0. 00’.‘.1
2 [ 161 .S "11!#600 "0. 0038
20, 9640 «1119.5 =0s0022
290 16000 ‘111&6.0 -000037
30. 160.0 '11!&6.0 -000037
31. 15&.5 '11[‘-2.1 “'0.0036
32, 150.5 -1141.1 -0.0035
g&o 139.0 "113601 "0-0033
[ 11030 "1125 .,-‘f "0. 0025
35. 99.0 «1121 .5 «0,00282
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PAELE 2

Correction for Vapor Imperfoction f'or the Systems

1

oride, Cvoloh®

e and Isopro 31 Alaohol

Oarbgg Tetrachl ’ p.4:14) oprop Y

o] 40 4]
Run P - P,° 20 = 1,° (PePp ) By -V )
Ax 78 x 2,303 x 7
1. 218.5 -3.272. 3 "000055
3. 22 .5 .1279.1 ‘0.0066L
3. 23645 «12813,0 -0,0062
X Showz MR 0-0064
b 236.6 «1282,0 =0, 0062
g. ) 21“.6 «127 342 -006051
» 2 .B "12‘30.1 "‘000060
9- 305 "128509 "0.006}4
10. 2‘.}.2.6 "1285:9 ~0.0051:,
1. 22,5 -1285,9 =0.006}
1. 20,1 «-1284,.1 «0,0063
13, 2334 «1280,0 -0.0061
14, 162.5 «1251.6 =0.0
15- 236.6 "128200 "0.00 2
16. 21].0. 3 -1281;.1 "0. 0063
17. 2.7 «1285,0 -0,0063
18 [ 2 39 L) 6 -128).& .}l "'O' 0063
19. 23605 “1282.0 '0.0062
20. 221;. 070 "1285 .’Q -0. 0059
21. 19905 -126903 "000 9
230 2’4000 "128500 -0.0063
27. 23305 "1280.0 "0.0061
28. l?&noc "12 505 OO.OOM}.
29;" 231:5 "12 0¢1 "000060
30, 23L.5 «1.280.1 «0,0060
. 22044 ~«1278.1 =0,0059
32, 2213.0 =127642 «0,0058
33. 212.5 "1272.3 “0.0055
318-0’ 18500 "186005 "0.00’.}8
35. 17605 "1256.5 "'0.0014.5




TABLE 25

Correction for Vapor Imperfection for tha Swatams

marba% Tetrachloride, Ozclohgxane and Iaogragﬁ; Aloohol

5 Oy yn Oy O
(l‘PB ) (B% JLB )

Rum Pepr° ° . v.0°
— umnn—j- -zm____ln 760 x 3‘303 *x R 7
1. 303.0 =1587.3 (o 0058
2. 319,00 ~1613.3 «3,0105
2, 329.0 «1625,1 -0 D109
lie 333.5 «163%.1 -0.0111
Se 33%.0 «1635.1 «0e0116
6, 330,0 «1625.1 (40109
Te 1305,0 -1588,3 «e Q096
8, 323.0 =1617.3 (3, 0106
9. 335,5 «1635.1 ~(40113
10. 335.8 ~1635.1 «Ge0L13
11. 335.2 "1635.1 -0:0113
1. 3%.4 «1629,1 w(0,0121
13. 325'2 ~161901 ‘6.0108
14, 2L6.5 =1516.7 «3,0075
15. . 330, 0 ~1625.1 0. 000%
16. 332.5 ‘1629 01 "(:‘.0111
17. 3304 «1633.) =(,013.2
18, 332.3 «1625,.1 3,111
19. 326 .0 "1625-1 "000109
20. 211&‘5 -1626-1-‘. ‘0.010
2l. 276.7 «1578,3 e 008
22, 329 .8 «1628,.2 =(.0110
23 3325 ~1633.1 =0,0111
24, 332.5 «1633.1 (3o 0131
25, 336.5 «1637.1 «0,0113
26, 338.5 «1633,.1 «0e.0112
2 ] 33502 "1619.2 "0.0108
a8, 25867 «1532.6 «0,0080
2G. 323.0 «1617.2 «0o 0106
0. 323.0 «1617.6 «(.0107
A, 3174 «1616.6 ~0,0105
32" 31. 308 "1602. 3 -G.Ql(}é.’
33. 305.8 1585, 3 (e 058
3. 278 «155C.5 -0, 0086
35. 26300 "1537.& ’000081




TARLE 26
Log Yl of’ the Sratenms

i b
zarbon Tetrachloride and Cyelohexane

Garbon Tatrachloride

a1 ® Py ° ;%-x %;o LO@§§x335 Coggiggiun Log vy
. L
1. 0.068 0,045 83.5 1.3728 1376 +0,00L - 0.1390
2.  D.155 0.124 B21.0 1.157 <063 *0.0006  0,06L9
3. 0.163 0,13 822.0 1.1246 «0510 +0.0012  0,0523
e 04230 0,201 812,29 1.0709 <0298 +0,0010  0.0308
S5¢ 0.273 04256 805.7 1.0347 o 0LYB 40,0008  0,0140
6o 04220 0,201 753.5 1.10%9 - 029 0,001 0.04L0
Te 04805 0,791 76L.5 1.0156 +0067 D 00067
8. 0.693 0,675 767.0 1.0073 -0075  +0,0002  0,0075
9¢ 0,696 0,685 767.0 1.0068 (#0029 +0.0002 0,907
10,  0.606 0,585 776.0 1.OL45 120063 +0,0002  0,0065
1l.  0.569 0,540 778.0 1,0293 0125 +0,0003  0,01.28
12, 2,545 0,519 78040 1.0232 ~ 0L00 - 0,000  0,0103
13. 0436 022 789.0 1.0194 -0083  +0.0006 0,009
Ue  CoyS 0.3 757.0  1.0477 0202 +0,0007  0,0209
15, 0.285 0,260 804.0 1,0362 »0154 +0.0010 0,016,
16 2,230 0,158 8ij.0 21,0845 <0352 +0,0010 0.0362
17. 0.171 0,146 820.0 1,085% 20356 #0.0010  0.0366
18,  9.35 0,113 623.0 1.102 ~0h27 +0.0010  0,0437
19.  0.427 0404 790.0° 1.0168 0072 +0,00L0  0.0082
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Carbor Tetrachloride and GCyelchexane
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TABLE 27

Log ¥ of the Systems

Cyelohexana
Rm ¥y % 2,0 8y F Logix-L cqggggiion log ¥
2 2 2 %, ﬁg’ 2'®, 2
. 0.932 0,955 750.0 0,98689 1.99515 «0,0002 «04 0050
2.  0.845 0,876 T33.0 1,000 0, 20004 «0,0006  =0,0006
3. 0837 0,066 735.0  0.,99937 1.99973 «0.9006 =.0003
Yo 0,770 0.799 722.5 1.0137 0.00591 =06 0009 #0,0050
So 04727 0DJ744 717.0 1.0358 0.0L427 «0.0010  #0,0133
6e 0,760 0,799 720.,0 1.0304 0.01301 «040020 +0,0110
7« 0.195 0,209 673.0 1.0536 0.02268 =0, 0029 +0,022l
8. 04307 0,325 679.5 1.0%65 0.02387 «0.0019 +0.0220
9e 04304 0,315 679.8 1.0789 0,03298 ~0,0019  +0.010
10,  0.39% 0415 687.0 11,0503 0.021 0 «0,0017 +0.02903
11, 043 0460 690.3 1.036 0.01351 «0400L7 +0,0120
12,  0.455 0.8l 692.,0 11,0389 0,01657 =0, 0016 +0,0150
13, 0.564 0,588 701.0 1.0399 0,01L699 =0, 001l +04 0166
e 0,655 0,686 708.0 1.,0249 0401068 =0.,0012 +0,0095
15, 0.715 0,740 715.0 1.0270 0,01157 «0,0011 +0.0105
16, 0,770 04802 725.0 1,0065 0.00281 =0, 0008 +0,0020
17,  0.829 0.854 72,0 1.0079 0.0032 = 0006 +0,0028
18, 0.865 0,887 735.5 1.0077 0.00333 «0,0006 +0,00%7
19, 0,573 0,596 701.0 1.0423 0.01799 =0, 00} +0, 0176




Bun
1.
2.
3.
L.
5.
6.
7.
8.
9.

10,

ll.

12,

13,

lh—o

15,

16,

17,

18,

19.

o
0,045
0.124
0.1 3
0.201
0,256
0.20)
0.791
0.675
0.685
0.585
0e 540
0,519
N.l412
04 31L
0269
02,198
0,116
De113
Qe 0l
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TADLE 28

Log 7:/#2 of the Systoms

log Yé
0.1 390
0.0649
0,0522
0,0308

0,0140

0,044 D
0.0067
0.,0079
0,003
0.0065
0.0128
0.0103
0,0089
0,0209
00164
040362
0.0366
060137
0.0082

log Yg

«0,0050
«0,0006
-0,0003
«0,0050
0,0133
0,0110
040224
0.0220
0,010
0.0203
90,0020
0,0150
0.,0166
0.0095
0,0105
0,0020
0.,0038
0,0027

00,0176

v 1 e
Garbon Tetrechloride and Cyglohexane
,108 'f! /?2

+0,1L40
+0,0655
+0,0525
+0,0258
+0,0007
+0,0330 -
«0,0157
«0,01l1
¢ D279
-040L 38
#0,0008
«0,001.7
04,0077
+0, 001k
+0,0059
+0,0342
+0,0328
+0,0410
=0, 009
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TABLE 29

‘Log ¥ of the Syntems
A goho

Carbon Tetrachloride

am TN x e 1°6%=-.;‘15 10%,—513 Gorenotien log ¥,
1 1
1. ©0.138 0,058 812.0 2.2268 0. 33768 +0,0011 0078
2, 0,283 0,104 735.0 2.8136 Delili926 «0470006 087
2, 0,300 0.138 720.0 243713 0. 37158 «0.,0009 063741
e 0u438. 0,236 650,0 2.,1699 0. 33604 «0¢0026 043338
5¢ 0,742 0,847 603,7 1.1028 0.04250 «0,0036 0.0339
6. 0,708 0,789 598.5  1.130 0.05668  =2,0036 0,053
Te 0629 0,603 594.0  1,3%6 0412535 =0 0039 0.1215
8. 04584 D422 600.0 1.7576 0.24492 «0,0035 0.2l
9 033 0.225 653.5 2.2301 0. 34568 0o 002U Do 75
10, 0497 0,307 620.0 1.9210 0425372 «0,0031 02806
11, 2473 0.289 629.5 2.,1233 0e 32700 ~0,0030 0.2240
12, 0,483 0.29% 627.0 1,991, 029916 ~0e0031 0.2961
13, 0.399 0,190 669,0 2.38586 06 37760 «0.0021 043755
e 0,306 0,1L0 705.0 243562 0.37222 Do 3012 0e3700
15, 0,500 0,43 6958.5 1,8278 0.26193 =0, 0035 0,250l
16, 0,842 0.946 646.0 l.0472 001903 «0,0026 040164
17. 0.940 0.989 T18.0 140061 0.0026l «0, 0009 00017
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TABLE_ )

Log . 0of the Systgns
1 2
Carbon Tetrachloride and Iagpropyl 4l cohol
Insopropyl A;_.cggo;

, ) Japor
Run Ia ) Py %«;ﬁwg 10@%2 ® ;Ii-é- Gormi?sion Log ¥,
[ 4
1o 0,862 0,942 66,5 10435 0e0L3LY «(, 0025 0.01L60
2o D.7L7 0.696 578.8 1,0812 0.02169 «0,0053 0.0164
3o 0,690 0,862 559.0 1.00683 Ne03%T5 «042058 0.070
bo 0562 0,76L 4860 1.1503 0.06081 -0, 0086 0.05062
S. 0,258 00153 4h0.S  2.909L 0.46300 . 0,000  0.4537
fo D292 0,211 L3 2.h222 0430419 -0,01L08 0.373
7o 00371 0,397 130413 1.6498 0.21743 «0,0109 « 2063
8¢ 0,416 0,378 437.0  1.2517 0.,09750 =0, 0106 0.0869
Q. 0,567 0a775 4B9e2 11366 0, 056561 -0, 0035 D071
10, 0,503 0,653 1,S5.5 1.2288 0.00948 «0.0098  0.0797
11, 0,527 0,711 Lé6.2  1.2003 0.00216 =04 00O 0407268
12, 0,517 0,706 L63.5 1,2007 C0,07943 «0,0095 140699
13, 0,601 0,810 505.4  1.1116 0. 04595 -0,0112 0.038
1, 0,69 04,860 Shhie0 1.1274 0.05208 Qe 006l 0. 0457
15, 0,500 0,657 WhiS.3 11,2988 0,11 354 040103 2.,1032
16, 0,152 0,08, 481.85 L.6ib2 0,687 «(, 0088 0.6557
17. 0,060 0,011 55Ge5 744492 0.87211 =0 0060 08661
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3e
b
5B
6.
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8.
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11,
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15,
16,
7.
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TAULE 3,
Log 1f) /'rg of the System:

Carbon T%grach;oride and Iaogﬁggxl Aloohol

13. '
ll{- '

2,989 .

60007

% log Y! log Tg log *r! /\"g
0,058 0. 3478 0.0160 +0,308
0,10 - D lili87 0,0164 +0.4223
0138 0. 3741 0.0310 +0.24 1
0,236 0.3338 - 0,0582 +042756
0.847 0,9359 04537 0.8
2,789 040531 0.37% ~003203
0,603 0,12)5 0.,2065 «0,0650
0.haz 0u2l1l 0.0869 +0.1545
0.225 0. 3075 0,047 +0, 3004
0, 317 0,2806 0,0797 +0,2009
0.289 0, 220 0.0728 +0,2512
De29l; - 042961 0.0699 +0,2262
04190 043755 0,018 . +04 3407

- 001’4.0 003710‘ 0-0’457 +Oe 3253
e 1 0e2581 041032 +0,1552
0.946 0,016 2.,6557 «0.6393

0.8661 «0.860L




e

TABLE 132

Log YL of the Yystems

h §
Cyolohexane ang Iscgrtggaxl Alconol

Cyelcohexane
Y+ Ve <P-P1°)(B %, @)
Rn vy x P,°  Shx-fo  jogmdaed L i S S
3 2 tomTy o 12,° 760 x 2,303kt 198 ¥

1. 0555 0473 532,50 1.6747 Ne22 19 =0,0059 0.2180
2o 0,550 0.4h2 532,86 1,778 0,292 -0.0059 D.2473
3o D582 0,538 526,66 1,5611 04193 -0,0061 0.1873
e 04627 0,708 526,20 1.2742 0.1052 «, 0060 00992
5S¢ 04660 0,784 534,23 1.1976  0.0783 ~0.0059 0.072%
6o 0.570 0,516 529,92 1,5841 001998 =0,0060 0.293
7e 0s5803 0,528 523,08 11,6043 0,2053 «0, 3062 0.1991
8. O. 605 00631 530.09 1 ° 37&—6 0.}. 382 "0. 0060 Ool 322
e  Da0LU9 0e7U2 533,70  1.24455 0095 =0.0059 0.,0895
10 04673 0,807 537,89 1.,1703 0.0713 «0o 0055 0. 0655
11, 2.697 0,862 BLS.77  1,126) 0.0515 ~0, 0055 040460
12¢ D773 0.921 570,70  L.1177 0.0483 =0, 0019 0,0l 3
13. 2,833 0,990 617,99 1.0410 0.0175 -0, 0035 0.0LL0
e 0,593 0,995 672,63  1.0142 0, 0061 «0.0021 0,000
15. 0,283 0,116 636,67 2.9122 D16l 2 «0,0030 0.1,612
16e 0.275 0,120 633.47 2,749k Dely 392 «0,0031 Qely 361 -
18, 0489 0,306 BL47.10 2,2199 D¢ %163 040055 0. 3,08
19. 0,570 0,518 520,37  1,5828 04199 -0,0060 0.1924
200 24572 0,516 528,39  1,5029 0.2022 =0,0060 0.1962
21, o.ﬁga D85 526,63  1,6300 0.,2122 (), 0061 042061
22. ’305(:2 00571 527.‘36 lcu.é?s; 0.16&6 "Qn 0061 0-1605
23s 0,595 0,640 527.51 1,339 0.1270 w04 D060 0.,1210
2. 0,850 0,978 632,30 1.0446 0.0190 «0,0032 0.0158
2he D709 0.873 549430 1L.12% 040506 =04 0054 0.0L52
26s 0,112 0,027 TiL.77 L1106 0.6415 «040011 0,643
27. 0,218 0.070 676.39 34992 04 5440 -, 0020 0o 5420




Log Y_Z_; of the System:

Cyolohaxane end Isopropyl Alcohol
Iasopropyl Alcohol

| ¥> o y. o (P=P,O) (R, =V,")
le 32 xe Pao sz—""'a 105,3?2-“ :o g g Ag" 10g Y?.
2 ¥, ‘2 P, 2,303 & ®F
1o OuiliS 0,527 LLl.S 14536 0.1626 «0,010 N.1522
3. 0,418 0.462 435.2 1.5799 061967 0. 0107 0.1860
u-o Q. 37 3 0.2‘32 h‘?iéoﬁ 292221} 0. 3}&67 -0, 01% O! 3361 )
5, 0,310 0.216 1135 2.6972 01309 0o 010k 0.4205
7. 0417 04172 L31.0  1.5577 0.,1926 «0,0109 2.,1017
B8, 0,395 0,369 U§39.0 1.857% 00,2679 - «D,0105 0,257
9, 06351 0,258 LLl.5 2,338 0. 3696 «GCo0LOk 0e 3592 -
10. 0.327 0,193 bl 3.0 249066 046135 ~0.0102 1533
1L, 0,303 0,138 }55.0 3.6673 056013 «0.0058 N4 5615
12, 0,227 0.079 U482.5 L5253 06556 -0 0086 0.6470
13. 0.162 0,010 536.0 22,884 1.3595 0, 0061 1.353
i, 0,107 0,005 602,3 27.003 1.0k 0, 0042 1.h272
1S¢ 0.“17 0.68 e 56930 1'1007 O. G).Ll', “0:0056 Qe 0361
16, 0,725 0,880 556.,0 1.,1201 0.051.5 o 0053 o.ogs7
17, 06629 0809 500,0 1.1018 0.0725 00,0079 Da06L6 |
18, 0,511 0.694 L57.0 1.22458 0, 0350 =0.,0097 G078 73
19, 0.i30 0,082 13790 1.5515 0.1909  «D.A106 0.1793°
20, 0420 04BlL 1L37.5 1.53%9 0.1861 «0,0103 0.1758
21, 0.452 04515 35,2  1.5326  0.1055 «0,0107 241748
2. 0018 0.b29 43649 1.5952 0.2292 -0,0106 0.2186
23, 0,405 0,260 1136.7 1.9579 2.2918 -0,0106 N.2812
2. 0.150 0.022 555.0 9.3328 0e570L «(, 3059 09642
25, 0251 00127 4559 1 THTL 0°S78§ e 0096 NJHHHT .
26, 0,088 0,973 éSB.S 1.0613 04025 «D,0026 0,0222
27. 0.702 0,930 609.0 1.0492 040209 «0,0041 0.0168




- aa -

TABLE g
Log vi/vg of the Systems

- 2
Cyclohexang and Isopropyl Algohol,

o

Run xl 108 Yl 103 Yz log Yl/Ya
1. 0473 0.2180 0e1522 +0,0658
2e Dol Ne2l133 0.1320 =~ +0,1113
3 0.538 N.1873 0.1880 «3,0007
h-- 00703 000992 0- 3361 '-0 2369
S. 0‘78“' 0.07 D'h.aos ’003}481
6. - .0e516 0.19 041770 +03, 0165
7o 0,528 0.1991 0.1817 +0, 017
e' 00631 001 002)7,4- "001252
Qe 0. The 0.0895 Ne 3592 =De2697

10, o.8a7 00,0655 0.1533 ~0, 35708

12Q .921 O‘OL"BL'- 0.&;70 “0.6036

13. 0,990 0,010  1.35% ~) ¢339

s 04995 00040 1.4272 1403232

15. 0.116 01612 0.,0361 +0.41251

16, 04120 014361 Q.04 57 - +04 390

17. 04191 03976 e 6 +04 3320

18, ors6  oiaos  o.0783 Mg e

19, 0.918 0.1924 0.,1793 +0,0131

20, 04516 0.1962 20,1758 +0, 0204

224 0.571 0.1605 0D.2186 -0,0581

23, 2.640 0,1210 0.2812 -0.1602

22}, 00978 0.0158 909 ’2 -0.913-313-

25, 0,873 0.0452 045607 «0.52135

26, 0,027 0.6 0.,0232 +0,6202

- 27 24070 0.5420 0,068 +0, 5252
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MOLE FRACTION OF CAREON TETRACHLORIDE IN LIQUID

LOG r vs. COMPOSITION DIAGRAM FOR THE SYSTEM:
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3. Caleculation of #, G, D of Redlich and Rester's’ squation
for log Y,/Y, for vhe three binary systems,

Characterigtic points were used as suggeated by
Redlich and #ister, Value orf log Yi/?é were read from diagrams
of log fl/vz vs X at x = 0,5, x = 0,148, x = 0,8536, x = 0.,2956
x = 0,704, At theas pointe, the eguation for log ?1/Yé in

torms of x becomes

x =05, log1 = 1/2 ¢, (56)
. . YZ
? N
x = 0,46, log =k = 0,70710 - &, (57)
¥, i
, Y .
x = 0.8536, log ¥ = -0.70715 - {f, (58)

¥. .
x = 0.2956, log g = 0.,002 (2.8 D) + &. (59)
2 st
, Y
x = 0,7042, logg™ = =0.4082 (5 = % D) + g, (60)
> A

(a) 512’ 012 and “ia for the systemt carbon tetroe

chloride and cvolchexane,

Y.
At = = 0,5, 1033-}- = w0,006,
2 ;
Substituting «2,006 in egquation (56) for log Yi/va,
one obtalins |

o p Y

and hence

612 = «0,01l20,
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v
At x = 0,1L&,, 10:5:;% = 0,037,

‘Subatituting 0,037 in equation (57) for log ¥y/Y,,

ona obtaina

g, .
0,037 = 0.707MR, - -&4,

.
At x = 0,856, 103.:(35 = «0,027,

and hence

" Subetltuting «0,027 in eguation (58) for log Yi/Ye,

one ohtains
~Q0027 = "0.7071B12 - I% »

and hence

l) - 00 ’
By = 8.707 = 0.0L2h.

An average value was taken from the two values of
812 caloulated ass
Bia ave, = 5 (04095 + 0.0424) = 0,0460,
A
At x = 0,2959, log 2= = 0,0095
e

Substituting 0,0095 in equation (59) for log Yl/va,

ome obtains

' ¢
0.0095 = 0.4082 (B, -33-012) + —}f-
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0.003 + 0.0095 = 0,01878 = % X 0.4082 Dy,

henoe
Dl.? = 0.0231 .

n
At x = 0,704, log Y, - «0,017

Substituting =0.,017 in equation (65) for log Yl/‘rz.

one obtains

0.003 « 0,017 + 0,01878 = % 3 O.L;‘OB«'Z,D]_E,

hence
Dy, = o.g = 0,01756,
and

(b)‘ By Cy and 1331 for the systems ocarbon tetrae
chloride and Llaopropyl alcohol.
v
At x = 0.5, log -.-é s 0,024

and
%031 = 0,024, Oy = 0,048
| Y.
At x = 0.46h, logk = 0,363
2

and

. *3; = 0k o 0e363 + 0,012




» 86 =

Y.
At x = 0.8536, log = 0.425

C .
25 w D, 1) .
-0'7071331 - -El.n -9.&25 531 = Q&Qa??67i&—&a = Ooﬁah

and hence

B31 ave e ; 0u20L = 0557

v
Ae x = 042959, 103% = 0,200
0.4082 (By -%1331) + f? = 0,200

oy 204200 + 0,012 + 0,082 x 0,557 ., ¢.108
0.2722 |

At X = O.?OL}J.. log = =0,193

Sl &

“':‘i;fjc

~0,4082 (Bqy = % Dy )

i)y - {Jg + 0.2
Dy = 293 = 0}.___?5.9_“ 2220 o 0,0827,
, ) 0827 + 00,1080

(o) Byge Cp3 Gnd Dyg for the systems oyclohexane

= -04,193

and

and isopropyl alcohol.
At x = 0.5, log YL = 0.03
: T2 _
end

Y ‘ ' ;

At x = 01464, log:; = 0,397
?
2




and

and

23

23
and

c
’0.7071833 - "El = 00397s

B L 9 + 2.0 = 0.58260
23 0.7971

v
At x = 0.857%, 103:;2;;- = =065

. ¢
2 = - 5
-0.7071323 - -EJ' 0.165,

Q165 = Q.01
323 = Oe 7071 = 0.6361*)

= W = 0‘6100. '
Y. .

g;g- = 0,230,

¢

2

0.1,082 823-§D23 s -,1-1 = 0,210,

0.8164

:'l

23 ave.
At x = 0,2959, 1o

¢
-0.4082(5,, % Dyy) + -ﬁl = «0,220,

P (0,&20 et Oa{)ls - O,ZQQZ i = 0o051hp

0.,816h

= Q220 ¥ 0,08k | 4 oap;,

b
23 ave, 2
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e Caloulation of ternary constanta C, Dys» Dy 8nd D, of

Redlich and Kister's equation for the ternary system,

Redlich and iister's equation of four ternary

constants for the free energy function 18 represented by

Q= Qp + 83+ Ay * Hyxxg [0+ D) (xy = x4) + D, (xg - x))
where

Q= % log Yy v X log Yo + xq log Y qe
In this equation, x,, X, and x, are experimentally determtned
liquid composition and log Py log r, and log rq are the
caloulated values for the carbon tetrachloride, oyoclohexene

and lsopropyl alcohol respectively. These values are presented

in Teble 15 and Tablea 35, 36, 37.

Gyos Upq and G4 are calculated by the equationss

. 2

Yp = X}Fy (B + Gp Iy = x5) + Dy, (%) = x,)°,

< 2
and

2

Q31 = x3x1 [331 * 031 (x3 - xl) + D31 (x3 - xl) ],
In these equations, Xys X, and x3 are experimentully detaermined
liguid composition of the ternary system and the constunts 8, C,

D are the oanlculated constents for the three blnary systems,
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The caloulated values for Qxa',Qza and QB& are presented in
Tables 38, 39, Lo. ‘

For calculating the ternary constunta, equation (61) is

rearranged as

Q"%'Qg-;'g |
-%1:‘2;_; A B0+ (xy = x3) D) + (xy = %) Dy

* (%) - %) D, (62)

The véluaa of the torm on the lefthand side of
equation (62) ore tebulated in Table L1,
| Elghteen runs were chosen for ths ¢nliculations of
the ternary csonstents by means of the leust’aquara I,54M6
programuing. Equations are listed in Table 42. The constants

obtainaed from the I.B.H. programming ares

¢ = 1,1720240
Dy = 1.304932
and
D, = =0,13315090
Dy = 1.1892104.
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TABLE L2

aQa G Q Q QO a QO a Qa

0.360D, + 0,377D,

Qo 366111

: ¢
0.2)7D1

0.197D,

0.1&791 +
0.167171

0,173Dy
0,084ny
00200,
00090,
0.031131
0.0011)1

10,1990,

0.16&‘-131
0.161'!)1
0.112131

0,310,

Qe 2321.)1

+

+

+

0.194D,
0,080,
0.252D,
0. 395D,
0.0030,
041380,
0. 3890,
91770,
0.0221,
0,218D,
0.5261)2
0.0212,
041540,
0.141D,
0.5013)2
0.26692

0.s27D,

0.0171)3
0.172D,
0. 3881‘:3
Oulth9D
0.314893
0.161;03
Q. 311133
0.&7703
0.15794
0.0311)3
0.249D4
0-14251’:3
022004
o.ﬂlhDB
0. 302D,
04 389D,
0.0750,
o.ll,uSD3

0.6768
0.8712
1.0742
14964
1.1847

0.9087

1.2218
1.7059
0.8554
0,998
1.9808
1.5408
1.1307
1.1507
1.0908
2.6470
1.44635
1.5830
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Vil « DIBCUSSION

1. ZTesting the oconsistancy of data

The Gibbs-Duhem equation

. xel Y Tl at xl=l
S log =& ax = —J Mlrae @3
x=0 E T at x,m0 %

(] 1
18 to bpe used, The lefthand side of equatiom {(lL3) 48 evaluated
by meaauring the area under the ocurve log q?l-vs x from x=0
to x=1., The righthand term can be evalunted either analytioally
or graphicelly. If 4¥ &8 a funetion of T is known, the
integral oan be evaluated by substituting this function for AH,
Graphiocally, Al is taken from experimentally determined value
for tsmperature near T and Tl ir Tl - T la small or an
average value of AH for T and 7 Xy is used, ﬁf—'in then ealoulated
and a curve of -;5 vs T is drawn. The area under this curve

T.
1 o at.

from TO to Tl gives the valuc for the integral j
ity

To

If the values thus messured for the two integrals are nearly
equal and opposite In sign, it may be concluded that the

experimental deta are conalastent.

(L) Carbon tetrachlorideeisopropyl gl cchol

x=l Xz ~
log dx = area under the curve of Fig, 17
X=0 ¥a
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Tl at x=}

3—%-3-& : Al dT = 0,0013 $8 tuken from 8.H, Joun's®’
. 2
T, 8t x=o T

thesis on the vapor-liquid equilibrium submitted to the
thiversity of Ottawa, Ottawa, Canada,

(11) Cyclohexane and isopropyl aleooncl

xe); X
g log *7% dx = area wmder the curve of Flg. 19

X=0
S = «(,0002
T, at x=1
§T%5§ﬁ j' Q§§ aT = 00,0002 18 taken from the same paper
' T, at x=0 R .
o
of Jeun's,

(111) Carbon teotrachloride-cyclohexans system

1 ¥ , .
g log ~7l- dx = ares under the ourve of Fig. 15
o C

AH measured by Goates, Sullivan and ott'e?® for
temperature 40°C has & meximm value of 31 calories per mole,
For approximation, AH is taken as 31 ocalories per mole, this
value is conaziderably sﬁaller than the values for the other

two systemn, As the value of the integral
, Tl at xsl
e o
To at x=o0

for the other two dystems is amall and.Tl - To is also smull,
the value for the integrsl is therefore negligible,
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2. Chegiting of Rediigh snd Kistep's three conatants equation
Loy the bgﬁm 8Ystemn

By subatituting ten values of z from 0.0 = 1.0 in
fedlich and Xister's equation, 65 listed in Tables 43, L, 45,
46, it i found that the three conmtants oquation fiv the
binary syastem very well as ghown by plotting the suleulated
valuee for log -{,-l in the dlapgrsms for log -;-l va % in
Flge 20, 21, 22, 2 2
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TABLE !I:3
| Rég ich end Hister -4 mation of Three Constonta for
x=0, 0.1, Oul,s Delys 06, 0s8, 0,9, 1.0 fOr the [nary Systen

X log % = B (1-2x) + C [6x (Lex)-1] + D (l=2x)[1- Bx (1-x]}]
0' 105-%::8-0«»1)
ol 195 —;ﬁ-zf- 2 0,88 = D46C + 0.2244D
2 log :-;-3‘ 1 0,6B - 2,040 « 0,168D
3 icg % m QB + O.BGQ - 0.2?21?
olt log -% = 0,2B + OJi4iC = 0.184D
b log % = «0.28 + 0.44C + 0.184D
o7 log —% B «OJH + 0.26C + 0,272D
8 log 72 = w061 = 0,04C + 0,168D
9 log -% = =0.88 = 0,46C = 0.224D
1.0 logx %« @« C e D




Checking tho Redlish Kister Egquation [or the System
Carbon 'rebr%c{};ori de and cﬂgclghexang

312 a 0460 012 = 0,0120 Dyp = 0.0203
X Log %—2’-
2
0 BaeC+Da 00,0460 + 0,020 + 0,0203 = +0,078
0.1 0.8B=0160+2,240 & 0.8 X 0,0060+0,46 X 0,00L20+0.224 X 0.0203
‘ = 0,0368 + 0,00552 + 0.,0048L7
= 0,04687
= 0,0276 + 0,20048 - 0,003
= 0,02467
03 0§ BH0.,260-0,2720 = Oolf X 0,Mj60=0,26 X 0,0120=0,272 X 00,0203
= 0,018, - 0,002 - 0,00552
= 0,00970
Oely 0628+0,14110=0,18L1 = 0.2 X 0.00460-0LL % 0.0180=0,18; X 0,0203
= g.gggia - 0,00528 - 0.00374

0.6 «0.2B+0.1414C+0,1040 = 0,0092 - 0,00528 + 0.00374

=0, 0307

0.7 01 B+0.260+40,2720 & «0.018) « 0,00302 + 0,00552
-3

0.9 «0s6Bu0,04C+0,1681 = «0,0276 + 3,00048 + 0,001
= «0,02371
0.9 «0.83a016C=0,22Llm «0,0368 ¢+ 0,00552 - 0,00455
- = «0,003501

1.0 ol @ C - [ = «0,0460 v 0,0120 = 0,0203 = 0843
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TAEOLE UG
Checkins the Redlich-Xister Nquation for the System

Carbon Tetrﬁch oprlde-~Iaopro ? Alcoho

i 331 s 0,557 94 = 0.0480 Dy = 040920
’K Log %%L
> o
0 Bew 4+ D=2 0,6010
0'1 0¢8 }': 0.557 -~ O.h.ﬁ X 0.0‘.‘B 4 0.22‘.} K 0.092

= 0156 « 0,02208 + 0,0206) = O.4lilil

0.2 0ab X 04557 = 0,04 X 0,048 = 0,0168 X 0,092
= 0q3342 = 0.,00162 ~ 0,01546 = 0,068

003 Otlj. X 00557 + 0086 X 0.0L}.E? - 0.272 X 0.992
= 09,2228 + 0,01248 - 0.02502 = 0,103

Ouls 0.2 X 0557 + Oultly X 0,040 = 0,184 X 0.092

0.6 «0e2 X 0e557 *+ Ol X 0,048 + 0,184 X 0.092
2 «0,111h + 0,02112 + 0.01693 = 0,07335

0.7 «Dolp X 0557 + 0,26 X 0.048 ¢ 0,272 X 0,092
© «0,2228 + D,00248 + 0,02502 = «0,1853

0.8 "0.6 X 0,537 bt 0.0’4 X OQOJ.LB + 0.168 £ 00092
= «0,3342 « 0.00092 + 00156 = «0,2307

009 "O.B X 00957 - 0.3.1.6 A 00%8 - 0022}4 A 00092
2 «0,i156 « 0,02208 « 0,02001 = «0,44883

1.0 w-BeleDa «0557 « 0,000 = 0,092 = «0,6970




Cheoiding the
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TASLE W6

Redlich-iipter iguation for the System

mc;dn%xane end Iaograpaxl Alcohol
X Log e
Te
0 B e C+Da D610 -« 0,0000 + 0.,0081 = 0,6380
7% 0e8 X 0,610 « 016 X 0,0600 + 0,224 X 0,0861
2 (0680 - 0.0276 + 0.01971 = 03,4801
0.2 0,6 X 04610 = 0,0 X 0.7600 = 3,168 ¥ 00,0861
0o 3 Ouly X 04610 + 0426 X 0.0600 = 0,272 % 0,0001
a 0,24l + 0,0156 - 342394 S o= 0,2357
oL, 0e2 % 0e0L0 + Ol X 040600 = 0,10 £ 040801
= 0,122 + 0.0261& - 0.01619 = 0.1%2
0.6 «Da b4 0.6}.0 + 0.&4'.& X 0.0600 + 0.18& X 0.9381
= ).122 + 0,026l + 001619 = «0,079L1
= 02l + 0.0156 + 002394 8 «0,2045
0.3 “Ooé :( 0.&10 - O-Ol; }’L 0.0600 + 00168 3‘{ 0.0881
0.9 «0.8 X 0,610 = 3,46 X 00,0600 = 0,28} X 0.0881
= 0,488 - 0,0276 - D,0L971 =m 05353
1.0 w8 = TC = =0,7580




0.16

0.14
0.12
0.10
0.08
0.06

0.04

0.00

© L 0.05

-0.04

-0.06

-0.07

0.02 L

o
| O - Experimental points
— «~ Calculated curve
] ] | 1 i | ] | ]
0.0 0.2 0.4 0.6 0.8 1.0

MOLE FRACTION OF CAREON TETRALCHLORIDE IN LIQUID

LOG vs. COMPOSITION DIAGRAM FOR THE SYSTEM:

~(f‘c;'éH1 5

CARBON TETRALCHLORIDE AND CYCLOHEXANE

FIG. 20




7kc14
TC3H 80

LO0&

«0.6 o — Experimental points

— Calculated curve

-1.00 ! L ! I l ! ! ! I .
0.0 0.2 0.4 0.6 0.8 | 1.0

MOLE FRACTION OF CARBON TETRACHLORIDE IN LIQUID

Feer .

LOG vs. COMPOSITION DIAGRAM FOR THE SYSTEMS CARBON

3’63;{80

TETRALCHLORIDE AND ISOPROPYL ALCOHOL.

FIG. 21




i
i
b‘:A

2
TR R A e

e

Fe

?c3H80

0.8

-0.6 L o - Experimental points
~— = Calculated curve '
-1,000L
-1020_

-1.40L

. -1.50 1 ’ H I 1 1 1 : 1 1 1

0.0 0.2 0.4 0.6 0.8

MOLE FRACTION OF CYCLOHEXANE IN LIQUID

TeH :
106 —212 .. COMPOSITION DIAGRAM FOR THE SYSTEM:
Taaﬂso :

CYCLOHEXANE AND ISOPROPYL ALCOHOL

FIG. 22

1.0




- 106 -

3, Cheéking of Redlich and Kister's :foupr ternary conatants
gggabign'

Bun 10 18 chosen {or checkinge.

i caloulated with experimental data is 0.1&017.

Q from the Redlich and iister equationts

Q= ayx, [Byy + Oy (% = 3p) + Dpp (= xp))
+ Xy%q [Byq + Cpq (x5 = X3) + Dy (x, - x3)23
vy By v Oy (xyem) s Dy (a3 x)
+ x1x2x3[c * Dy (xy = x3) + Dz(x3 -%) EB(xl -x, )]
In Run 10, X, = 0,406 X, = 0.163 Ky = Ok 2L

and the constants determined‘are

312 = 0,046 012 =-0,012 D12 = 0,020
le.u 0.557 631 = 0,018 331 = 0,097
C= 1.172 Dl 2 1,303 D, = =133

DB = 1.169
xl = 0.!;06 12 = 00163 33 = 00!3-31

xxy [y, + Opp (%) = %) + Dy, (1 = x5)?]

o 0.406 X 0,163 [0.046 + 0,012 X 0,243 + 0,02 X 0.243]
a 0,0662 [0.046 - 0,00292 + 0,00118]

= 0,0662 X 0.0501 = 0,0033

2;
3233 [1323 + 023 (32 - 33) + DZB (xz - 33) ]
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= 0,163 X 0431 (0,610 + 0,060 X =.268 + 0,088 X (.268)°]
= 040703 [0.610 + (<0,0107) + 0,00632] = 0,0703 X 0.6056
= 0,00426

xsxl [B31 + 031 (x3 - xl) + D31 (x3 - xl)al
= 0,406 X 0431 [0.557 + 0,048 X 0,025 + 0,0907 (0.025)%)
® 0,1750 [0.557 + 0,00120 + 00,0917 X 0.,000625)
| 0000573
= 0.,1750 X 0.55825 = 90,0077

xlxaxB [1.172 - 1.303 X 0268 - 00133 X 00025 + 15189 X 092“3]

= lu06 X 0163 AL .ujl {1.172 - 003&9 - 0000333'+ 052&9]
= 0.028h X 1.109 = 00,0315

G = 0,003 + 0,00426 + 0,0977 + 0,0315
= 0,1368,

The value checkas with the value 0.14017 obtained from the
expressions

U= xy log Yy + e log Yé + x3 log Y3
for the Mun 10, It can be concluded thut Rum 10 is ccnaistent,.

Run 10 was the only point which was not an end point
emong the rums which were not tsken in the caloculation of the

ternary acnatants.
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be A rosearch was made of literature on the vapore
liquid_eqﬁiiibrium of the binary and the ternary systems of

earbon tetrachloride, cyclohexane and 1aopx'opy1 aloohol.

) ;
18523324025 one of the system carbon tetra=-

26

Four articles
chloride and oyclohexane and one“- the aystem carbon tetrae
chlortde and isopropyl alcohol.

Boatchard, Wood and Hochel'&18 work was ifsothermal
determination of vapor-liquid equilibrium at several temperatures,
The dsta for 40°C and 70°C were extrapolated to obtain the
isobaeric composition and egquilibrium temperutura at atnospheric
pressure, It waa found that the expolated equilibrlum
temperature and compgaitibn in equilibrium of Scatchard el and that

of the preaent investigation agreed very well as shown in
Table U7,
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TABLE L7

Comperison. with the Expolated Isobarlo Equilibrium Date of
Soatchord, Wood end Mochell!s Date fop Isothermal VaporeLiguid

Equilibriwn of the Systems Cerbon Tetrachloride and Cyolohexane

Composition of liquid

Equilibriun Tempersture

Differonce in

in mole fraction of in % ¢ temporature in
carbon tetrachloride o¢ tetweon the
two doberminations
X Scatcharg Observed
0.0 80.37 80.60 +0.23
0.1 80,03 79.63 «0.20
De2 7939 79.15 02l
03 70.64 78.58 «0.06
Ol 7821 78,07 =Q.1lt
0.5 77.80 77.68 «0.12
046 7752 7% «0.18
0.7 77.07 77.02 =005
0.8 7677 T6eTh =0.03
0.9 764k 76453 +0. 09
11.0 76.41 T64l +0,03
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Norrish and Twigg®t have determined the vapor-liquid equilibrium
composition of the systom carbon tetrachloride and cyclohexcne,
Tholr data are presented in Taeble 8. A comparison with present
investigation is shown in‘Fig. 23s The agreement ia good for
the entire composition range.

The isothormal vespor-liguid equilibrium of Birown
and lidwald, Seatohard, wWood and tiochel are compored in Mg, 24,
It is seen thst thelr data are in good sgreement with each
other, From these comparisons for the system ocarbon totrae
chloride and cyclohexuane, it 18 saoen that the results of the
present investigntion are consistent with all the aveiladble
data on this aystem, |

The isotharmal data.of Papouael, Papousitova and L. Page
at 70°G for the syatems carbon tetrachloride and isopropyl
alcohol are presented in PFlg. 25 for comparison with present
investigstion. The compositions read from Fig. 25 corresponding
to a4prsaaura of 760 rmn. agree fairly well with the compositions

corresponding to a temperature of 70°C or present investigatlion,
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TABLE L8
Norrish and Twiggla data

Carbon tetrschloride-~Cyclohexans at pressure of 760 ren Hge

Mole fraotion of Carbon tetrachloride

Liguld , apor
0.0LE Q. 056
04207 0.233
0.286 0. 3195‘
0366 04396
0.11295 0.l54
045845 , 0.6155
0. 7425 0.7595
0.833 04843

0.880 0,886
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5. Denglty of the binery mixtures

It wus found thet the denslity of the mlxture
carbon tetrachloride and ayclohexane, carbon tetrachloride
and 1sopropyl aleohol inercases with the concentration of
sarbon tetpechloride as shown in Table L9 and Fig. 26, 27.
The density of the mixture cyolchexane and isopropyl aleohol
decreasen as the concentration of cyclohexans increases
until the composition 18 that of the aseotrope. After this
gonpoaitioh the denslty incrseses aa’the concentration of

oyclohexane increases as shown 1n TableVSO and Fig. 26,
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TABLE 4O

Density of the Mixturess

Carbon Tetraghloride and Cyclohexans

b Tomreontoriae TR Denetun gt
0.000 0.778585 0.77389
0.271 0.9850 0.9800
0.353 1.0590 1.0540
0,458 1.1460 1.14,00
0,623 1.2850 1.2770
1.000 1.59397 1.58l29

Density of the Mixtures

Garbon Tetrachloride and Iaogrgg ¥yl Alooho}

Mole fraction of

Density in g/ee

Donsity in g/oc

Carbon Tetrachloride at 20°C at 25°C
04000 0.78554 0.78091
0208 0,97701 09780
0e 367 1.1115 1.0960
0. 389 1.1508 1.1300
0.455 1,1701 1.1360
04590 1. 3090 1.2940
0.303 111590 B BT
1.000 1.59397 1.57458
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TABLE 50
Density of the Mixture

Gzc;ohexung and Isopropyl Alcohol

Mole fraction of Density in Density in

Cyalohexane g/c.0. at 209C g/e.0. at 259
04000 0.78554 0.781.20
0.27h 0077992 0.77527
0397 0.77838 0.77251
Ouii9h 0e776Th 0.77204
0.515 0477630 0.77265
0.648 0. 77518 0.77052
0.800 0.77526 0.77058
0,860 0677553 0.77090
1.000 0.77860 0.77390
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VIIY « CONCLISION

1, The design of the still was improved for better
temperature determination and totier mixing of the liquid und
the vapor condensate. I[leaides, the plecing of the internal
heater at thg bottom of the boller eliminated the dissdvantages
of hnving an opening st the to§ a8 in the orlginal still,

2e In measuring the density for analyzing the mixtures,
i1t was (qnnd that the logarithm of dongity 18 a linssr funotion
of température. This relationship furnished an easier and more
accurate reading for analysing, Studies have been made on other
nixtures and 1t was round that the linear relatioméhip holds for
mény;mixturea for various runge of temperatures, PFurther study
iz suggested to correlate density data for generszl application,
3e The density of the mixture cyclohexanc-1sopropyl
alcohol a8 a function of the composition has & minimum value Tor
a certaln composi i:i one

b The ageotrope compositlion und the equilibdrium
temperuture were found to agree closely with the values given

in the litterature for the binary systemss ourbon tetrachloridee
isopropyl alcohol and éyclohezune-iaoprapyl alcchols, An
ageotropic point was located for the ternsry syatem, Further
inveatigution 18 suggested to determine the composition and the
equilibrium temporature of ternary mixtures in the neighborhood

of the ternary azeotrope.
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Se ~ The Oibbe~Duhem equation for binary vapor-liquid
equilibriuwm at constant pressure was used to test the

oonaistency of the data, The data for all three binary

systems were found to ba consistent,

6. The three binary systems and the ternary systom of
onrbon tetrachloride, cyclohexane and isopropyl oan bé,represented

- by the Redlich-dister's equation as followas

Yoo
log ?.;.k. = 00460 (x)=xy) = 0.00120 [6x) (xex,) = 1]

C,H
612
Yo.u ‘
3
log w222 = 0,600 (x,~x,) + 0.0609 [, (x,=X,) = 1]
& Yo g0 1772 1 F17%e

+ 00,0881 (xl-xa) 1 - Bxl (xl-xe)l.

Yeea
log '.;E;;;zﬁa s 0.577 ‘xl""a) + 0,0480 {681 (xl-xa) - 1)
+ 0,0917 (xl-xa) [l - 831 (xl-xa)l
and

Q123 3G, * Q23 + Q31 * X)Xy [1.172 + 1,303 (xa-xB)

Where Gy, = xyXx, [0.0460 = 0.0020 (x,=x,) + 0,0200 (x)-x,)?]

Qg = Xy%5 [04610 + 0,0600 (xy=%,) + 00081 (x)=x,)%]
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and

Qn = 3311 [00557 + 0001&80 (xl'xz) + 0,0917 (xl‘xz)ali

Since the values for uhé constants °12' 023 and 031 are small,
it is expected that the curve for log Yi/?é should have S~shape
es shown in g, 15. 17 snd 19 for the three binary systems.
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