ABSTRACT

Vapor-liquid equilibrium data were determined at three {so-
thermal conditions, 75°G, 65°C and 55°C, for the binary system
benzece-n-octace using a modified Glllesple still,

The isotherma! equilibrinm data of the system are considered
to be thermodynamically consistent as shown from the consisteacy
test, and can be fitted over the entire concentration range by the

three-constant Redlich-Kutorm equation.
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CHAPTER 1

I INTRODUCTION

i Much investigation in the field of thermodynamics of liquid sclue
tions has been urdertaken in connection with the prediction of vapore
Mquid eqntwarium‘z' 3’.

These methods of prediction either give inaccurste results, or
are suitable only for certain systems, or else {nvolve quite a bit of
1 tedicus calculations, | |
Dus 1 all these difficulties the vapor-liguid equilibrium relations
can best be determined experimentally.
The experimental methods aze based on the determination of the
campositions of both the vapor and the lquid in equilibrium either

at congtant temperature or pressure.

The basic tset for consistancy is to apply Gibbs<Duhem equation
to the data.,

With simplifying assumptions many semi-empirical
%10 equations have been derived as special forms of the Gibbs-
Duhem equation.

The equation proposed by Redlich and Kister appears to be
flexible and suitable for representing the vapor-liquid equilibrium
data. The present work consists of determining the vapor liquid
squilibrium dats (x-y-P-T) for the binary system bensens-n-octane,
at {sothermal conditions of 75°C, 65°C, and 55°C, by means of 2
modified Gillespte stn® )

This system was chosen because the reported dataatl atxn“z' 13)

are {nconsistent and no other experimentsl data are available. The
experimental data were tested for consistancy by the method proposed
by Redlich and Kister''"”

5 I A

{1,4,5,6,7,8,
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CHAPTER I

DETERMINATION OF YAPOR-LIQUID

EQUILIBRIA

The separation of mixtures of liguids by means of fractional
distillation is possible when the composition of the vapor coming
from the liquid mixture is different from that of the liquid,

The relation between the vapor aad the liguid composition must
be known in order to compute fractional distillation relationships.

 Usually the former is obtained from {nformation concerning the
composition of the vapor which is in equilibrium with the liquid.

On this account a knowledge of vaporeliquid equilibrium data is w
usually essential for the quantitative design of a fractional distillation “
apparatus.

The methods for shtaining vaporeliquid equilibrium data can be
considered in two main classifications:

(1) the experimental determination
(2) the theortical relationship
In this work the experimentsl determination will be discussed,

1. gggrlmuntal determination of vamr-nﬂd equilibrium data

The measurement of vapor-liquid equilibrium data is not
simple. A highly developed laboratory technique is, therefore,
needed to obtain reliable data.

The methods for diract determination of equilibrium data
can be classified into the following:

(a) Distillation Method
(b) Bomb Method
(¢) Dew and Bubble Point Methad
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(d) Flow Method
(e) Circulation Method

27
Distillation Method:

Bomb Method:

This {8 one of the oldest mathods in which a small amount of liquid
is distilled off from the boiling flask which contains & large charge,

During such distillation the composition of the distillate and the
liquid in the still changes, and the samples represent average values.

This method involves an assumption, namely, that the vapor
obtained by boiling a liquid is in equilibrium with the liquid.

There has been no adequate proof of this assumption.

{15,16,17,18)

In this method the liquid sample is placed in a closed evacuated
vessel, It is then agitated at constant tempersture until equilibrium
is attained between the vapor and the liquid. Sample of the vapor and
the liquid are withdrawn and analysed.

The main disadvantage of this method, during umpung there are
pressure changes which will distarb: the equilibrium,

Dew and Bubble Point Method: { % 2+ &1+ 22)

This technique consists in introducing & mixture of known com-
position into an evacuated container of variable volume. The system
is maintained at constant temperature, and by varying the volume,
the pressure is observed, at which condensation commences and ie
completed,

From such data, the saturation curves of the two phases at
constant temperature can be plotted against composition.
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The main disadvantages are that, the dew and bubbls points are
net eharply defined, hence they require to bo made with highly refi.
ned precision {nstruments, and the materiale used must be very
pure and fres {rom traces of gases,

Flow Method:(2% 24+ 23)

Another method that has been widely used for the determination
of vapor-liquid equilibrium data, is one which the vapor is passed
through 2 series of vessels containing liquid of a suitable compooition.
The vapor entering the vessel may be of a composition somewhat
different {rom the equilibrium vapor, but 29 it passes through the
system it tends to approach equilibrium, B is obvious that it cannet
be an exact equilibrium system because of the fact that a pressure
drop is involved in passing the vapor through the system, ie. there are
prossure variations which will effect the equilibrium, There {s also
the danger of entrainment,

Cqunlaﬁon Method:

This {3 a common method {er cbtaining vapor-liquid equilibrium
data by circulating the vapor through the system and bringing it back
{nto coatact with the liquid until no further change in the composition
of the vapor and the liquid takes place,

Meanwhile they are kept separate to allow the removal of samples
for analysis. This method is convenient to use in the region of mo-
derate and low pressures,

While the apparztus appears to be simple, in actual practice it
involves a number of complications:

(1) The system must be completely leak-proof otherwise the

total quantity of material will vary and the equilibrium
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composition will also chazge,
(2) 1t is nocessary to ensure that there 18 no entrainment of liquid.
This entrainment can be eliminated by using low bolling
rates,
The number and variety of clrculatory stills {s large. Four of
the most important are those of Othmerm). Guluplem’, Jones,
Schoenborn and Coburn'®), ard E11is!®®),

The Otumer still'2®) recizculates oaly the vapor phase which is
produced by boiling the liquid mixture {n an insulated still, The vapor
is removed, condensed and the overflow of condensate s returned to
the still, Animmersion heater {s used to provide turbulent mixing
and bolling without pumping. ;

The Jones stt?? operates in & similar manner. R caly circue
lates the vapor phase, but the over flow condensate {s vaporized out- \
side the still before it is recontacted with the liquid phase contained
therein.

The Ellis stillm) uses a glass spiral of seversl turne, which
functions as the Cottrell pump, to recirculate both of the phases, The
mixtare distilled off {rom the boiling flask flows through the glass
spiral and spurts on the thermometer well.

Equilibrium is assumed to have besn attained as the contacted
phases separate after leaving the glass spiral. The over flow condin.
sate may or may not be vaporizsed before being returned to the boiling
flask.

The family of Gillespie stills uses the action of Cottrell pump
to recirculate both of the phases. Equilibrium is assumed to have
been attained as the contacted phases separate after leaving the upper
end of the Cottrell pump, Temperature and pressure are measured
at this point. The over flow condensate may or may not be vaporized

(29)
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before being returned to the base of the Cottrell pump and contactad
again with the liquid in the still,

There has long besn dispute over the relative merits of the various
types of stills. It arises both from theoretical considerations and
the inconsistancies of the reported data, Summaries and discussions

of them are given by Gulespiem).
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CHAPTER It

THEORITICAL ASPECTS

EVALUATION OF LIQUID PHASE ACTIVITY COEFFICIENTS AT LOW
PRESSURES

Since the activity coefficients are related to compositions and are
precisely defined thermodynamic functions, their calculation and
correlation are reguired,
By definition: fa

3
1
Y’i= -] $00 3060306000 000080000% (1)
%4
For the liquid phase
AL L fe°\ L
fi - Yi xi '(fi\ (AR NENNENNENENNNNENNENNENN] (z)
For the vapor phase
I

fi = Y‘v yi (fio\v 10000800000 aves e (3)

where the superscripts L and V denote the liquid and vapor phase
respectively, and,

A

fi a fugacity of component { in the solution

f{ = fugscity of pure component i at the standard state (ie. at the
temperature and pressure of the solution)

Y * activity coefficient of component { in the solutica
x, = mole fraction of compeonent { in the liquid phase.

Yy mole fraction of component i in the vapor phase



At equilibrium,
";L . Q‘V
By equating equations (2) and (3) we get,
L \L v ‘\V
vou (4 =y g ()
*\V
., (4) v
or y‘x‘ . - (—i,- L Y
5 )
LG \%’
: L
2 G Ve
v
)/ \ 4
then In Y‘L s In 4 + ln%-r In Vg coeeereeeee @
| o
where,
o v s fugacity coefficient of pure componsnt { in the vapor

phase

L. fugacity coeffictent of pure component | in the liquid
phase

P = total pressure of the system

"
i

In oquation {4) we have to relatem ‘V' (] ‘L and Y‘V to measur-

able quantities such as pressure and temperature.
\J
Firstly, we start with In ®

\i
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where,
Z = compressibility factor
V s volume
B = second virial coefficient
C = thizd virial coefficient
efCisse

A similar expansion of Z as power series in P has nevertheless found
considerable use,
1 1.2 1.3
Zsle¢+B P+ CP +DP 4+ ®00cs00c0ssentree ‘6)

where B), ¢!, Dl... are constants

and Za-P-!-
RT

E-R—T oocotcoooccocoonoc(’,
P

then, Vs

By substitating the value of V from equation (7) into equation (5) then,

2
z.l . B + CPZ + -D-P——3+ .,.....(8,

P ZRT (ZRT) (ZRT)

Differentiating equation (8) with respect to pressure at constant
temperature gives,
a( Z-1)
B 32 C
P | r- P (3B S him(a)
3 P T

22kt 3P @amt | Z'3p
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oP ® (32

¢ o z.--

(zr7)° z 3p

cossesaasnrensess (9)

As pressure approaches sero, equation (9) becames,

l!m (Z'i)g B ..............-.-(10)
P*0 P  RT

If the expansion for Z is written directly in P, that is, equation (6)

um z'x l nsoooo;oooo-o-oco(ll)
P=0 P

Application of L'Hospital rule shows this limit also to be

(32.)
P T
Then we have, ‘ .
1 B lim (@l) P £ ¥

RT P=«0 3P T

By taking the limit of equation (9),
3f2-1
lh -(-E—) g e Bz + c
P=0ld P T (Rﬂz (xnz
TS SRR it
(RT)*

But from equation (6)

3(2-1)

s cl+ ZD1P+ teeessesccsrserenes

a P T
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2(2=L)
lim 3 L cl 2008000000000 00000n ‘14)
Peg 3P
By comparing equations (14) 24 (13}, it gives,
2
Cl = C‘B R RN R R R N Iy “5)
(RT)

We may now write equation (6), by substitating the values of B, C'...,

as follows,

| 2
2e14 2 P, EB_ P

RT (RT)%

whers, ¢ az Residual volume

(87, V)
P
by rearrangement,
ae 8 (1. B,
P RT
= RT

— (I’Z) Peosstecenctcastetrsncne e (18)
P

Substitute the value of « from equation (18) into equation (17),
we geot,
P

1n® = 2-1) S;f’ (at constant temperature)

0 600800 c00s00ennesss (!9)
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The most convenient substitution for (2 - 1) is by equation (16)

truncatad to three terms:
F 2
o o (|24 0280 7|
0 RT (RT)
integration gives,
2 2
ln_ﬂ 2 2"‘ ("g—-g-\ (‘E') ..............-...-(20)
RT 2 RT

At low pressures a further approximation may be made by trun-
cating the virial equation (20) to just cne term, ie.

BP
RT

Inw =

000000608000 0000000000000 ‘z‘)

Then for the componeat i, equation (21) will be,

Bii P
ln ] R 8000805000000 000000000 (w
®t 7 Rr
where,
Bii = second virial coefficient of the pure compoaent 1,
Secondly, for o L
2eoncY q

At temperaturs T and the vapor pressurs of pure component i,
the fugacity coefficient for the liquid phase is equal to the fugacity

cosfficient of the vapor phase and is therefore represented by the same
equation

mn) . B2
RT

AT TR EN FRL S P TSR L ELS CE W S)
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where the ( ') indicates the values st the vapor pressure,
Now the change hhm:" in going frem the vapor pressure p;to
the pressure P {s given by integration of equation (17)

Since the change of 3 liquid's volume with pressure is very small,
V‘L may be considered as a constant. Then by integration, we get,

L
B, p' A} .
MO‘L 3 'n_"- + "L (P "l) . hz INE NN NN NN (25)
RT RT P"
v
Thirdly, for y,
From equation (21)
nhe = -Bf-
RT

Similarly for pare §

BuP

In® z e ss000000 000800000000 (26’

i Ry

For binary system B {s given by,

B 8 ,l Bll + Yz Bzz + yl yz 612 teesecnssrsesee (27)
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clde

where
B = second virlal coefficient of the mixture
Bl! = gecond virial costficient of pure component 1
Baz = second virial coefficient of pure component 2
Yp ¥ @ mole fraction of companent 1 and 2 in the vapor phase
respectively
6 12 ® crose coefficient of component | and 2

The fugacity coefficient can be written in terms of the mole
fraction of the gas phase

— (¥, |
D - g s 2080 ,Z(‘a.l-“_!.) cieeresnes (28) ‘
J 3Yj BY‘ 8

i | i
where,
8 j® fugacity cosfficient of the componentj in solution -

LAl TS

® = fugacity cosfficient of the mixture

EFRATES R SRR

for binary system,

lnals Ino

or lnsl s lno+ (l-yl) :—1-!-2 R/ Ans

" ’7,

or hg a hm+ "z ahm - ah” Se000000csbsenssn (29)
! 3y, 3y,
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From equation {21), and (27),

M‘J 8"?- éB— = "?- (B!l + Ya 61?.\ Seceessscnsee ‘30)
3yl RT 3y, RT

and, 3ne P 3B __ P (Bzz* T 612\ cevecnses (31)
ayz RT ayz RT -

By substituting the values of (30) and (31) into equatica (29), we get,

Py
RT RT

A
oo, = (By, + v, 8, - B =y &)

: == B4+ B

2
- N Bt Bt Y6,y 8,,

but By Bty Bypty Y,

A P 2
1!0! 2 ;T- (Bll + yz 612‘ s00s Bt (3”

Similarly in the same way,

A P 2
anzt ‘;—T' (Bzz"' yl 812\ l.oiovooonano.oouaobo‘33’

By definition the fugacity coefficient of component i in solution is

given by, {
A i
04

sesersrcenesressreness ()

Ix’-p
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where,
A

{ = fugacity of component { in solution

oo

z, = mole {raction of component { in liquid pbase

o

P =z pressurs of the system

and, for pure component,
4

mi’- S 000000000 0000 00COCORRIROOTRBOIRTRS (35)

P

where,

ll = fugacity of the pure component {

Thea,
A A
A
4 B/ o8 B eeeierrerenenns (30
y‘ . s -4 —
% f f/p o
where,
(; = fugacity of the pure componsat { in some convenient
standard state
Yy ® activity coefficient
Then,

A
h’l L] lﬂQ‘ . hm‘ 00000000000 00000000000 (37)

From equation (21), and (32),

2 812 7 Byy)

PR TE ARSI ARSI IR UL ST Al il
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2
hYl = l YZ 512 ....‘.'..l‘.l'l...!.ll‘”’

RT

and, similarly in the same way,

2
P yl sxa ..l..........‘....lvlll.(39’

RT

lnyz

In equation (4), we substitute the values ofm iv. ® iL. yiv given
by equation (22) and (37) respectively we geot,

1 whP (Bn'viL)(P'Pi)
= + 2 J

Iny, By e (40)
::‘pi RT
For binary system,
L H
.2 (B, -V."YP-p) P&y, ... (dl)
hny.lnx +(u 1-( 1, 1272
5P RT RT
and,
2
A (Bzz-vz"ﬁ(p-pz\+ PS,7,° oo )
X, P, RT RT
where,
82 Bjp- By - By

and, 812 is the cross coefficient,

AT AT A e e
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The value of the second virial coefficients of the pure components,
Bu and Bzz can be calculated {f the critical properties of the
ccmponents are known. Thess may be calculated by the correlation
given by Pitser and Curl %),

The vaiue of the croas coefficient can be evaluated using the

correlation proposed by O'Connell and Prausnits (31).

Correlation of Data
A number of integrated forms of the Gibba«Duhem equation are
available for correlating activity coefficients. They are:

1. RedlicheKister equations
2. Margule's aquation “
3. Vau Lasr equation )
4. Scatchard-Hamer equation
5. Norrish-Twigg equation
6. Prahl equation
7. Gilmon equation
8. Method of Hirati
The most important {a:
Redlich-Kister equations: M
These are the most commonly used for correlating the liquid
activity coefficients with the liquid phase compositioa. |
The suthors started from the molar axcess free saergy, espacially
the "Q function", which {9 related to the molar excess free energy
by the following simple relation,

AG"

2. 303 RT

Q=
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for a binary system,

Q L 81 108 Y! + ‘2 bs ‘2 Cosdsssssessnnsoe (43)

whers,

X X, = mole fraction of the component 1 and 2, in the
liquid phase respectively

i ¥y © activity coefficient of the component | and 2 in the
liquid phase respectively

The usual convention,
Y, * 1 &t x, = 1
Y, ® 1 at x, = 1
ie adopted.

The fanction Q will be equal to zero for a perfect solution at any
concentration. Itis also zero for any solution at the ead poiats
x . 1 andxz s 1, Mchandxlmrm proposed that the Q
function can be represented by an appropriate power series of the
liquid composition.

The expansion for a binary system ia given by,

Qs x %, [B‘z+ CZlz (xl-xz) + Dlz (xl-xz)]... u('r.P).

whore the constants Bl 2 t'.‘.1 2 Dl 2 .depend on temperature
only.

Differentiating equation (43) with respect to x. we get,

1
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iq—l hs Yl/v -noc.nloscuoo-oooaaoco(44)
dx 2

and the individual activity coefficients are

a9

1o, e Q4+ X
lYl del

tstvtsesssresesseseras (45)

b‘ vz = Q - xl —— 2060000000000 0¢00000s (46)

so that,

log y, = "z2 [313" G, (3 -%)+ by, (x - 2) (5% - x;)

+:| ceeverens (47
. |
logy, = ‘12 I:‘xz* Gy (3 - 38) + D, (5, - x,\(x, - 58,
+] eveneenna48)
The fanction,

aQ y/
- g log 'l
dx s log Vz

is suitable for the following reasons,
(s) The function Q, given by (44), is the simple relatioaship
between the experimental data and, the technically important,
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d
_‘ lol v‘/vz ..'l.ll.....‘...'l....(44)

and the individual activity coefficlents are

aQ

1o, s Q3+ X
IYI Zd‘l

2088000000000 000 cr e (45’

h‘ Vz s Q - xl — fesev eI rsessec s (“’

go that,

logy = "zz [Bla* G, (35 -%)+ Dy, (x -3, (55, - 5,
+] sessssees (47)

and,

log v, = ‘12 [’12* Gy (- 35) + Dy, (3 - 1 )(x, - 51,
+:l cerssecnss(48)

The function,
dQ Y /
- g 0 1
dx 8 Y2
is suitable for the following reasons,

{a) The function Q, given by (44), is the simple relationship
between the experimental data and, the technically important,
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relative volatility,

z « . z‘l-x}

z(l-y)
h’ﬂ o log Yl /Yz + log(p.l /p‘z\ seesscenn ‘49)

where,
Y = mole fraction in the vapor

x = mole fraction in the liquid

Y» Y, = activity coefficlent of component 1 asd 2 in the lquid phase

P'ys P*, 3 vapor pressure of pure camponents 1 and 2 at tempera. :
tuze of system ‘
the vapor phase is assumed to be perfsct.

{b) The function log Y / Y, provides an efficient tool for
eliminating inconsistances in the experimental data. Since
Q according to equation (43), has the values sero for
xs Oandx = 1, then

log (Yl /yz)dx: 0 veressrnacnasces (50) |
0 i

If the log Y /Y {s ploﬁodagaiutxl. !mnxl s 0
x, = 1, the nefarea under the carve should be equal to sero.
The area condition applies oaly at constant temperature,

It should be mentioned that Redlich-Kister equation does not
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where,

o2l -

relative wwt"‘

¢ . y{i - x

z(1-y}

loge - log ) /Yz + log(ptl /9'3\ seecssese (49)

y = mole fraction in the vapor
X = mole fraction in the liquid

Yo Y, ® activity coefficient of component 1 and 2 n the lquid phase

p"l. p‘z 3 Vapor pressure of pure companents 1 and 2 at tempera.

ture of system
the vapor phase is assumed to be perfect,

{b) The function log v / Y provides an efficient tool for

eliminating inconmtuczu in the experimental data. Since
Q according to equation (43), has the values sero for
xs 0andx = 1, then

|
b‘ v / dx‘ o ’...'l.l‘.'..... (50)
(/y,)
0
If the log yl/Y llplomdmiutxl. lromzl s 0

x = 1, the n'etzuoa under the curve should be equal to zero.
The area condition applies oaly at constant temperature,
It should be mentioned that Redlich-Kister equation does not
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have to be Mmiicd to the three constants as shown in the equation
(47) and (48),

In general, the series farniches for each case the moast coaveniceat
representation m. According to Redlich, Kister and Turaquist (12)
only the first term ie required for asarly perfect solutions.

For solution containing an associatad cempaonent, such as alcohols
and acids, the third term is necessary, However, only vory accurate
measurements for extremely imperfect solutions require four terms,

Thie is farther reported by Lu (32 ). that three constant Redliche

Kistor equations are adequate for represeating liquid activity
coefficients {for most of the systems,

2o 3 N £ L b s T .
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CHAPTER IV

EXPERIMEN TAL DETAILS

L (1) Materiale
Spectroquality bensene of Matheson Coleman and Bell, and

a-octane (99. 9 mole % minimum) supplied by Phillips petroleum

Company, were used. Physical proporﬁu of the chemicals are

lsted in Table 1.
TABLE |

N. BE. pt*C Ref. index at 25°C

Material -
Expt, it B3 pee, pie 89 ‘

Benzeue 80.10 80.103 1.4979 1.4979

n-octane 125, 62 125,662  1.39515 - 1.39505

(2) Apparatas
(s) Equilibrium still:

The equilibrium still ysed in this work is illustrated in
Figare (1), Itis a circulating still of the Gillespie type,
modified by Fowelsr and Norsis (34’. They modified the
original Gillespie still by the addition of 2 liquid receiver.
The liquid separated in the equilibrium chamber flows to the
liquid receiver and returns to the boiling flask, A sample withdrawn
from the liquid receiver represents the liquid which is in ;
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equilibrium with the vapor phase condensed in the vapor receiver,

The present still differs from the modified one in the following

ways:

(1) To obtain betier measurement of the temperature, a vacuum
sealed double jacketed glass thermowell was used for the
inseztion of the hot junction of the thermocouple,

(2} To obtain better mixing in the liquid and vapor receiver, a
double jacket was used instead of the simple tubing,

(3} To avold air bubble formation where the heater was inserted,
and also eliminate any poseibls leakage, the internal heater
was sealed at the bottom of the boiler, instead of being
inssrted at the top,

(4) To eliminate any possible contamination by stop-cock greass,
Teflon stop-cocks were used instead of glass onss;

The still was made of pyrex glass. The boiler was heatod by the

internal heater which was controlled by a powerstat,

The Cottrell pump and the equilibrium chamber were {nsulated

with 0, 5 inch layer of asbestos.

b) Acccuog equipment used with the still

They are divided into two parts,
(1) Temperature measurement devices
(1) Pressure msasurement devices

(i) Temperature measurement devices

Temperature was measured by means of an iron-constantan
thermocouple, The thermocouple was calibrated by compariscn

with a standard plainum resistance thermometer, The uncer-
tainty of the calibration was 0.02°C,
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The calibration curve shown fn Figure (15) and listed in
Table 3,
When s still was in operaticn, the hot junction was placed in 8
thermowell of the still. A few drops of silicons 704 Dow-corning
silicone was added ¢ this junction to provids good coatact, The
cold junction was immersed in an ice-water bath in a Dewar
flask. The corresponding ¢.m.{, wes measured by means of
Leeds and Northrup K-3 potentiometsr with SRI Tensley
gslvanometsz, .
For {scthermal operation, the desired temperstures 75°C, 65°C,
and 38°C, were cbiained, and regulated dy adjusting the total
pressure of the system. A dlagram of the pressure control
system which consists of a cold trap, & surge tank, and &
cartssian monostat connected in series {s shown in Figure 2.

Pressure megsuroment device

The pressure of the system was read from a mercury manoe ’
meter,
{c) XKquipment for quantitative analysis
A Bausch and Lomb Abbe3L precisien refractometsr and
sodium lamp were uded to determine the refractive indices
of the mixtares.
The prism temperatare was kept constant at 25°C+ 0.02°C,
The calibration carve was cbtained by measuring the refrace
tive indices of mixtures of known composition.
The known composition of the mixtures wore determined
analyticaly by weighing the components individually using an
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analytical balance, The calibration values are shown in
Table {4) and Figure {16).

1. Experimental Procedure
1. Test of the equilibrium still _
The equilibrium still was used previously to cbtain yex-P-T
data on the following systems:
(i) Ethanol water at 760 mm Hg * ', the data cbtained was ;
in agreement with those of Otuski and Williams °), ;
(i) Bensene-n-heptans at 80°C and 760 mm Hg ©7), the results |

obtained agreed with those reported by Brown (38) and
(39)

{35)

Myers

(i) Before this study, a series of runs were performed on the
system Bengene-n-heptane at 75°C, the results were in l
complete agreement with those of Lu (40). ;

2, Binary system of Bengene-n-octane
(s) Preparation of the binary liquid mixture
The still was filled with the less volatile component first.
The boiling point of the pure components were determined,
Then mixtures of increasing amount of the more volatile were

added for the successive ruans.
(b) Procedure .

The reboiler, the liquid receiver, and the vapor conden-
sate receiver were filled with the mixture at the beginning
of each run,

The heater in the reboiler should always be fully immer-
sed {nto the liquid,

The tsmperature in the still was controlied at+ 0.1°C
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of the desired terperature by adjusting the total pressure of
the still, The still was allowed to eporats 4.5 hours o
ensure attainment of equilibrium,

Barometric pressure, system pressure, and temperature
of the systen: were recorded before samples were withdrawn
for analysis. Before sampling, severai milliliters of samples
were taken to flush the lines.

Sample bottles were cool encugh ¢o prevent any evaporation
during sampling.
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CHAPTER V

RESULTS

Data for the binary system bensene-n-octane at the three
{scthermal conditions 75°C, 65°C, and 55°C are given ia Table (2)
and Figures (3){4).....(14).

TABLE {2

VAPOUR-LIQUIL EQUILIBRIUM DATA

Temp. Pressure
°C mm. Hg

*s B Y Yo 8

5.0 628.4 0.95710 0.985%0 0,999 l.46¢ 1,001
595.6 0.8820 0.9590 1.002 1.374  1.003
5.449 0.735 0.9130 1.049 1,190 1.008
530, 9 0.7210 0.9%091 1.038  1.152 1,006
502,7 0.6505 0.8550 1,062 1.10¢ 1,067
485,2 0.6051 0.8680 1,075 1.095  1.008
466.9  0.5690 0.8540 1,09 1.059 1,008
419.5 0.4730 0.8030 1.111 1.05¢ 1.0l
412.7 0.4512 0.7901 1.128 1,062 1.012
399.8 0.4330 0.7822 1.128 1,035 1.012
361.9 0.3650 10,7305 1.133 1,038 1,014
333.8 0.,3150 0.6970 1,157 1.000 1.016
.4 0.2051 0.5710 1.214  1.020 1.018
65.0 450.5 0.9541 0.9859 1.000 1.8  1.001
440.1 0.9152 0.9741 1.006 1,32 1,001
44,6 0.8940 0.9679 1.011 1.L313 1,002
414.5 0.8250 0.9470 1,023 1,252 1,003

409.9 0.7890 0.9343 1,037 1,266 1,003

397.2 0.7663 0.9248 1.033 1.218  1.004
396.8 0.7472 0.9214 1.054 1,232  1.004
383.9 0.7150 0.9142 1,055 1.155 1,004
380.3 0.7085 0.9108 1.054 1.163 1,005
368.9 0.6730 0.89%0 1,063 1.14¢  1.005
361.8 0.6519 0.8960 1.066 1.142 1,005
348.6 0.6112 0.8812 1,085 1,068 1,006
337.0 0.5630 10,8660 1.110 1,075 1.007

- 0.955

0.958
0.963
0.964
0.966
0.968
0.970
0.9
0.974
0.976
0.979
0.982
0.967
0.964
0.966
0.966
0.968
0.968
0.969
0.969
0.970
0.971
0.972
0.9713
0.974
0.975



TABLE (2) continued -

0.9% @

Temp. Pressure
‘C mm, Hg
! s s Yo T

336.5 0.5520 0.8550 1.126 1.094 1.007  0.975
329.1 0,556 0,8580 1.100 1,085 1.007 0.976
321.7 0.5301 0.8300 1,106 1.151 1.008 0.9M
311.6 0.5042 10,8353 1,117 1.042 1.008 0.978
301.0 0.4703 10,8187 1.134 1.038 1.009 0.979
289.0 0,4400 0.8030 1.142 1,026 1,010 0,980
282,7 0.4231 10,7991 1.157 1.042 1.010 0,981
2.4 0.4140 10,7881 1.149 1.013 1.010 0.981
251.6 0.3480 0.7466 1.171 1.009 1,012 0,984
230.9 0.3062 0,7015 1.149 1.008 1.013 0,985
221.9 0.2951 0.6960 1.168 1.021 1.013  9.986
223,3 0.2820 10,6816 1.173 1.021 1.013 0,987
193,5 0.2110 0,5910 1.180 1.022 1.0i¢ 0.9%

55.1 310.2 0.9176  0.969F 1.002 1.930 1.001 0,972

55.0 295.4 0.8276 0.9%491 1.027 1.350 1.002
292.5 0.8275 0.9462 1.0 1.417 1.00¢ 0.9%
2%0.5 0.8184 10,9440 1,026 1.387 1,002 0.9%
286,7 0.8042 0.9440 1.031 1.265 1.002 0,975
284,0 0.7930 0.9383 1.0% 1,309 1.003 0.97%
283.1 0.7803 0.9348 1.039 1.298 1,003 0,975
¢19.4 0.7700 0.9316 1,036 1,287 1.003 0.976
276.6 0.7470 0,9280 1.053 1.214 1.003 0,976
275.5 0.7601 0.9321 1.034 1,205  1.003 0.97
2%4.0 0.7389 0.9259 1.083 1.202 1.603 0,976
267.5 0.7220 0.9199 1.04¢ 1.20¢ 1.003 0,97
264, 8 0.6940 0,9150 1.071 1.376 1.0¢  0.977
259.8 0.6721 0.906% 1,075 1.151 1.00¢ 0,978
252.3 0.653% 0.9013 1,068 1.113 1.004 0,979
252.1 0.6421 10,8925 1.075 1.172 1.00¢ 0,979
241.3 0.5891 0.8781 1.111 1.109 1,005 0,980
230.4 0.5535 0,8650 1,111 1.080 1.006 0.981
227.5 0.5392 0.859%¢ 1.114 1.077 1.006 0,981
226, 8 0.5336 0.8550 1,117 1.077 1.006 0.98)
218.7 0.5105 0.8471 1.116 1.062 1.006 0,982
205.1 0.4450 10,8209 1.165 1,031 1.007 0.984
199.1 0.4260 0.8093 1.165 1,050 1.007 0.984
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TABLE

*B

4

continued

B

!
g

181.2
171.8
16,0
143,4
126.6

0.3630
0.3339
0.2811
0,2589
0.1833

0.7530
0.7470
0.7020
0, 6676
0,5783

1.18¢9
1.186
1,204
1.142
1.235

1.098
1.019
1.012
1,008
1,026

1.008
1.009
1.010
1.011
l.012

0.986
0.988
0.9%0
0.990
0,992

e o 130
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FIGURE 3: Total pressure - composition diagram for the
' ' system bénzene (B) -n:octane(O) at 75°C.
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FIGURE 4: x - y curve for the system benzene (B) -n-
octane (O) at 75°C."
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Liquid activity coefficient - composition for the
system benzene (B) -n-octane (O) at 75°C
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* FIGURE 6: In YB/.Y - composition for the system benzene
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(B) -n-octane (O) at 75°C.
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FIGURE 8: x - y curve for the system benzene (B) -n-
octane (O) at 65°C.
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FIGURE 9': Activity coefficient vs. composition for
benzene (B) -n-octane at 65°C.
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VI DISCUSSION

| 8 The vapor pressure data for the pure components, 8t 75°C, | el
$5°C, and 55°C, were calculated from the Antoine equation, i

B
log,.ps A o == 3

where,

p = vapor pressure of the pure component inm.m, Hg
A, B, C = constante N

t = temperature in °C

For bensene, and n-octane the values of constants were taken
from literature ‘4".

The second virial coefficients for bensene and n-octane were
ealculated {ram the equation propossd by Pitser and Cart ¥

using the following critical coastants:

Bensene n-0ctans
Te, 'K 561,66 869.20
Pc, atm 47 .7 4.6

The values of the cross coefficient of bansens and n-octans
were evaluated by the correlation given by O'Connell and
Prausnits (3“.

The liquid molar volumes of bensens and n-octans at {sothere !
mal conditions of 75°C, 65°C and 55°C, weze taken from the data
by Young %) and shown in Figure (17) and (19).

All values of vapor jressure, molsr volume, second vizial ;
coefficiont, and croes coefficient are listed in Table {5).
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By comparing the values of lny, cbtained in this work at 75°C,
and those cbtained at the same {sothermal condition for the
system bensene-n-heptane (40). I was observed that, as the chain
length of the paraffinic hydrocarbon molecule increases, lny
increases {o. noneideality increases.

An activity coefficient va. composition diagram for the systsm
bensene-n-heptane at 75°C is given in the appendix Fijure (19).

From the results obtained in this work we get this table:

Temperature *C (®¥gkBe 0 (1Y )y 4y
T 0.2125 0.4721
65 0.3234 0.5814
53 . 0.392¢ 0.6112

B is seen, from the above table, that the activity coefficients
at infinite dilution decrease with temperature, ie. the heat of

mixing i3 & positive quantity, which is in agreement with that of
1a ¥ (44).

Rsliability of expsrimental results:
For the three {sotherms of the hinary system bensene-a-octane
75°C, 65°C and 55°C, the net ares of hyl / vs. composition
)
are as follows:

Temperature ] Area
15 0,000}
65 0.0020

55 0.0030

=

AT SRS
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The evaluated Rsélichfmster constgats, fit the experimental
data reascnably well as illustrated in Figure (6)(20){(14).
Hence it may be concluded that the experimental data are

thermodynamically consistant.

5. Due to the difficulties involved in obtaining low pressures,
the author was unable to ocbtain experimental data near the pure

neoctane regton.
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vii CONCLUSIONS

1. Vapor-liquid equilibrium data obtained for the three isotherms
75°C, 65°C, and 55°C are thermodynamically consistant.

2, The Redlich-Kister constants determined from the experi-

mental data are as follows:

Temperature °C Blz °12 ”12
75 0.3222 0.0999 0.0500
65 0.3635 0.1140 0,0735

55 0.4202 0.109%4 0.0816




.d)a

VIl NOMENCLATURE

a4, B, C s constants of Antoine equation
Bu s second virial coefficlent of pure component |
in the eguation of state
B‘z. cu. Dn = constants of Redlich-Kister equations in the
binsry system
t = fapetty
P s {otal pressure
Pc s critical pressure
P S V8POT présure
Q = _A_Cﬁ |
2,303 RT
. ‘lxeon free ensrgy fanction
R s gas constant .
T s absolute temperature
Te s critical tempezature
t s temperatere *C
= molar volume
= s mols fraction ia the liguid phase
s mole fraction in the vapor phase 2
s s - (P . pd(lu . ‘\+ P O-Y‘\_
RT. RT
z s compressibility
GREEK LETTERS
[ = Residual volume
Y s activity coefficieat
] s fugacity coefficient of mixture
® = fugacity of componest | in solution

s cross cosfficient of componsat | sad 2
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TABLE (8

Calidration of Temperature - Abselute Millivolts
for the Ivon - Constantan Thermocouple

Temperature °C

34,740
36,240
37.768
43.310
44,710
46,770
48,020
85.12%
56,040
76,810
80.229
98.428

o.m.f,
absolute miilivoits

1.7504
1.8303
1.9113
2.1602
2,289
2.3%48
2,462
2.8538
2.9249
40006
41944
5.2128
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FIGURE 15: Calibration of Fe - constantan thermocouple.




Calibration of Composition - Refractive Index for

the System Bensene-n-Octane
Rua Mole fraction of bensens Refractive index
x, a8t 25°C
| 0 1.3951)
2 0.0419 1.39711
3 0.0998 1,40024
4 0.1178 1.40108
5 0.2016 1.40620
6 0.2710 1.41093
7 0.4247 1.42185
8 0,4745 1.42601
9 0.5147 1.42396}
10 0.5195 1.42995
1 0.5925 1.43694
12 0.6237 1.4403]
13 0. 6491 1.44326
14 0.6974 1.44945
13 0.7023 1.48313
16 0.7314 1.45394
17 0.7380 1.43881
18 0.77%9 1.47603
19 0.8839 1.48036
20 0.9116 1.48290
2] 0.9245 1.49213
2 9.9718 1.49801

a3 1.0000 1.49790
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FIGURE 16: Calibration curve of composition - refractive
index for the system benzene-n-octane at 25° C.



Second Virial Coefficients, Cross Coefficients,
and Molar Volumes

AT 15°C
L :
B, (ce/mol) 61 2 (¢c/mo)) V‘ (cc/mel) ff
Bensens (1) - 949,9331 95, 2852
+ 173.8600 |
n-octane (2) - 2099.1787 173. 9099
AT 65°C
Beasens (}) « 1009.1259 94. 0608
+ 186.7497
neoctane (2) - 3237.2%49 171. 1432
AT 55°C
Bensene (1) - 1673, 8093 92,8679
+ 260,9%62

n-octane (2) - 2588, 6404 169. 6102
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0.0500

TABLE (6)
Redlich-Kister Constants for the Three lsotherms of the Binary
System Benssne-n-Octane
Temperatare °C Bl 2 CI 2
1 0.3222 0.0999
65 0.3639 0.1140

58 0.4202 0.1094

0.0735

| 0.0016




(42)

Liquid Density of Benzene at Yarious Temperatures

Temperature

€ 58 ¢8 o

g 3

Density
gm/cc

0.90006
0. 8895
0.8790
0.0685
0.8576
0.8466
0.8357
0.8248
0.8145
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FIGURE 17: Density of liquid benzene-tempe rature curve,




TABLE (8

42
Liquid Density of n-Octane at Various Temperature 2)

Temperaturs °C Denasity
gm/cc

0 0.71848
10 0.71020
0.7022
0.6942
0.6860
0.6778
0.669¢
0.6611
0.6525

83 &8 88



8(|

y

Tquia D

- 64 -

n«Octane
0890}
0
0680t
0670t
0660+
D
0650 ) : : L
40 50 60 70 8C

Temp. °C

FIGURE 18: Density of liquid n-octane - temperature curve,
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Figure 19, Activity coefficients vs., composition
diagram for the gystem benzene(1)-n-

heptane(2) at 75°C
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SAMPLE CALCULATIONS

1. Calculation of mole fraction of the sample
This {s de=e using the calibration curve Figure (16),

2. Evaluation of Z''values
Using table (2) Run (5)

(P,-pg) (Bgp- vy")

RT

Since 2"8 s

Pt s 502,71 mm.,

Pp ® 648, 34 mm,

Byp® - $49.9331 (cc/mol)
VBLa 95,2851 cc/mol
gu o (50271 - 648.34) (- 949.9331 - 95. 2881)
B 760 x 82,0567 x 348
= 0.0070

By similar procsdure Z"o can be calculated,

3. Evalnationof 8, and 50

B
Using table (2) Run (5}

2
P & Y
t 0B 0
Since GB z (—l-;r—'—\

Yy ® (1-0.8850) = 0.1150

605 = 173.8600 cc/mol



-~ 68 -

53 . <502.7l x 173,8600 | (0. 1150)2
760 x 82,0567 x 348
= 0,0001
Similarly ao can be calculated,

4, Evaluation of liquid phase activity coefficients
Using table (2) Run (5)

y
SlncelnyB- In -'—B+ "+ &

ln(502. 71 x 0.8850)+ 0.00701 + 0,0005
1648, 34 x 0, 6505

s 0,0534  + 0,00701 + 0,00005

= 0,06046 = 0,06050

¥p °

5. Determination of Binary Redlick-Kister Constants
The constants Bl 2 C‘ 2 and I)l ) are determined by the
method of least square fit, using digital computer IBM 360-40,

The mathematics involved are as follows:

Since,
I (Mi/y,)e B (1-x)+ cfox x,-1) 4+ D(1-2x)

(I-Oxl xz\ ceessnvesasens (1)

y*.. ] B zl + C zz + D 23 ss0essvseseree (2)



.69 -
whaere,
Yobs ° ln(YI/VZ\
Zl . (l-x!\
ZZ =z (Gx‘xz~l\
2, = (1-2:1) (I-Oxlxz)
Let,

MB

(a v)z
{

L 2
. z [ yob.-(le+ Cz,+ Dz, ]......(3)
{u]

"
[

n = number of observations
Partial differentiation of equation (3) with respect to B, C, and

D respectively gives,
38 Z [y
— z Obl- Bz +CZ +DZ Z nnnnn onot.‘
3B 1 ( iy 3\] 1 @
: n
s z Z [Ob" Bz + cz +DZ,\-| z Cessanes . (5)
i=1

2 -
;%-- z“Z1 [Voh.. (nzl+czz+ nz,)J Zy i (6)
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3 38 28
Minimising § by sotting —— TR s-&-. and ETD— equal to zero
Equations (4), (5) and (6) will be as follows,

n
Ej{ (nzl+czz+nz3\ 2, - ?: TR A

n
a Y
S (le+czz+nzs\ Z,s Z obs. Z,.iiunenll)

{s= izl

oy

n
*2 (le + sz+ Dza\ 23 2 Z YOb.o 23 0---00..-(9’
s i=1

=

Expanding equations (7), (8) and (9) to give the normalised equations,

n
Z olu.z-BZ z, +cZzz+DZ 2, 2,
i=1] i=s] is]
Y ()
n
Z'm.z-nz zz+c[z Zzzz3
is1] ial iz} is ]
U 111

n
Z ob-.z-sz zz+cy zszz

{=1 {al iz ] is}
C'QQI.!.O'..OO..(‘Z)



] =

By solving equations (10), (11) and (12) simultansously B, C, and
D can be obtained,




5 ( } | i ] YT
r’."’\‘ ! : '
t[i | |
f i ' !
M ! x - 72 -
. ﬁnmmwmwwimwmmwnm%nwnmﬂnn”wmmnmwmmmwmmnmnnbmnmﬁmnmﬁ n
‘, $0 0 0 00 00 0060000 e 00 0 s e @ 9 ¢ ¢ o0 P oo oo * 0 2 b ey [ Y <
! JO0D0 ] Dox‘)iO")OODDD‘ l)')J.‘JDDD;};OOOODOOOJOOJ‘JO')JD:)QD PO2JD n
' A2ID2ADINIARIDYDI DDA DD2O23ADID DO'J'DODD‘)T)C)’.)))-’)J‘)DDOODOOD3 -
i BEDNDDPENDDNMAN NN AD I YN NN VNN bt |t ot sk i ft ot s 4 3 Y DD DA S b}
i omqombur~Dowuamd»v«Dquwmbwmwoomqonbumwoawﬂan»um~
. I ' ' oy
| ! | | | 2
i | o w
2 | L | NN
] | ’ AN
I : N
. | ’ e [adiad st
! ) ' il BT RO St 3 Ol 5]
| : o) i p- RN NPW N -l D - N D N~ 22~
! ! ; i QA
Zﬁbubnbm>>>n>b>nnxnnnnnono~onmﬂo~ntanNm DIIMPIIPe <>
N> m Jom om0 (DD <= NI Q=MD R N IMIP~ I Irn e Sfare A
. OT WAV Z W0 A VNN ettt 4t P X Z oy e s D) T D 0> L ERT d ey
. .--.""cc o e vie vl oo " 0 =~ »4&-1—~‘-1~j')~4—‘»«-(—11!--1’3\)‘3"'-1' = EIMTM
i T NHZZ AR N INIV= T =l ptd DDt v D c D pa D NP p A N 5D NZ 2R N
: N el md et d e e I DD 2w o st (] NN b s s 4 | e M= NAANDI DD
Jn:uun:unuuununuq.l#.;n~upn~ PO Bt minadinl N H L] o RO oY S
ror>a>m>>>>>n>>>jq~~qw D=l D= TG Do L il N==e D fow I2OD OB
I ﬁ;(n N s aamamanDe =x] T ] s wx] 5N MOt I Do i D I2 2Py
A TIN e () N NN et ot ¢ X D D=V =D N D De e by ¢ m
'h: T W4 VT ede s | 4 ™ DN - Tt D P =l wre | Ldnd e R 1 o]
= ZWAY DADIINNIEAd X A~ an Xp s L0) 2ol e dm—mabn O
N N o v\ - D Ne mf V=2 V=0 30 44Nz -
> 0 +EP 4+ D - ~ Wt ANw~—ln DDy =T2JpD T
~ - AATAZHANANAG — | - Oy [P =~ N dNemI <
- AR R AR - ~ e D e o iy Mo AT M
.- . DML AN N - )~ e x| 2 P Mux(rg
Z - B 3# - - O -~ X~ n m ~J=~i{3 T
a £ 8 Y N - ~—- T - —— D~ - e (T -
; ) ~t ;o v’ vt bt - e T -
% - < L - - ~—e o o wDO o
Y |~ { - < y - @ P ] -
, o« - | L - D<= (= Lo<E- zl 2
: : | - I e~ 1 - b A4
d i } ! ! — b - J) b
-t i ) d 0 O | 3
- .f | i B B I T e
b : i - ] ~ < in ~
3 3 | | o o ap -4 W
! - Ll I »
< l LB - il )
| z o b
| ! «D 1 S ] -
i k] b nd inp oo
i l — - O jo2 IV,
! i — D o -
i | o~ ] =T
; —_— -t
: { - - Tl ™
| ; n i} 2
2 Xl =®
I - | o~
# al o
! -+ >
! mn z
’ 0
H ~d
d | | <
| 3
3 m
4 2
T i n 7
<l 2
| ! i X
! B 0
: | -
' B -
; J<)
' ! 2] Bal
; Zl 2
- Nj <
: ~
; >
4 b4
i ]
; )
1
i
[
!
|
{
|
|
)




“

ALY

47

: S.rrs] 174 FARMAT (1M L&) 5 R)
[\ g _Nno 2 W2 I TEf 3. 10€6)
r S.Nrs 3 175 FAOMAT (¢ DUTYI o XUT) o YUT )y RAMATLITY, ,AT(T) DT, CAMATTC Y)Y, mYT(T),
INCTIT. AF TARRNNN ATEDY AS FALLIWSO )
C.O0=46 NN 30 I=1,NNRC ,
lllll — S.0O0585 CAMAT(I)={1.=XL1 )20 =X{TI)X(AL] ,4)=A(D 4% (4 () =X(T))-3_ )
1 FALR, 4V L2 (1 .=X(TI)=1 )% R X(1.-X{T))=5_))
S.NOKS IFIGAMATI(TI ) )?],22,2R
S.an57 Y GAMAT(I)=1 ./ FXO(RAMATI(T))
S.0Ns8 GO TN 24
S.NNEQJ 22 GAMAT(IY=Y .
S<N0AND GN TN 24
C.0E Y 23 GAMAT( T)= FXD(rAMALI(T))
b .. S.n0e2 24 GAMATY(I)I=X{I1XX(TIXEALY 4HY$ACD,5) 004 =X (T I3}
; 1 FA(3, 41X (2, X (T I=F . VI* (A .EX(TYI=5_,.))
; C.NrAa TF{GCAMATI(TIYIDS, 26,27
Se NNE & 25 GAMATI(I)I=1./ FXPIGAMATT (T ))
! S.n0&s GO__YN 218
: <, NNEA 2K GAMATTI(TY=1Y,
! S.""A/T G TO 28
| S, ,NNrAS 27 GAMATI(TI )= FXPIGAMATTI(T))
[ SAC6E9 . .28 DCI=GAMAY(IV-CTLY)Y [
Se""70 NGIT=CAMATTI(TY-— 1T (T)
! S.NN71 dtnqhmww‘.—\ubv PUIY o X{T) e VHUT ), CGAMAT(T),GILT) ONT GAMATTI(T)Y,GTIT(T ),
i S.00n72 174 ENPMAT(/1H L,10E12,4)
| S. 2072 20 CONY YNIC
| ' C.NDNT7 4 cnoTN O
i - <.nNn7s Fran
P [ CTYARANE wWAT VARPTARL S (T AGSY C=0NMMAN, F=F0i) TV AL FACE )
H
P STAME T AN ooy A DY NprtaT T A (2 AND AT A M T AG 2 Fy A DD NAMF
m! A 0 I EAYalie B Ko Y AN AN v
. T J I F 1IN 49 R s
' ~ = ~Aana A ot N IN4A R arY
i _ONEDD o Rkl OO . NN ARCC LR RS AN LN nMEQY
(AWl i ¢ CAMAT ~ANne e TrTYC )ﬂ%y!nw.pb“11wl‘w.§«‘1
NAAMATY ’ .
EMTUOQNA)] REECCLCMOES
! NAME RFEL AN NMAME CcryoAne NAME , 2FL ANR NOAM T
LB XP L __ ... nhnoann NVae _ononn24a SYVE — . _AN092R ]
rAareTANTE
NAAT DEYL anD MAML LEpLADD iAo oFL AN NAMFE
“ ~rAncAn) Sncaar ANAAAAGAH nnnaga 4Y1Innnnr NN 4120000
! 41600007 aEalakeic ke 4a1800NAR ~nrgQag 4yannnn~ AnAaay 4130000
41570C60C NOC AN .
_,‘J, OO TO TR TTANTRGA Tmm T T T T e o T oTTT T T T

EPTPe





