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ABSTRACT

Vapor-liquid equilibrium data is essential and
fundamental for design of separation equipment. If available,
experimental data are of course the best, but when such data -
are not available, the engineer has to apply thermodynamic

relations to phase equilibrium calculations.

In this study, since the equations for phase equilibria
are complex ahd require trial and efror methods, a computer
program was prepared for this purpose. The program uses UNIQUAC
and UNIFAC equations for liquid phase nonideality and Peng-Ro-
binson equation for vapor phase nonideality. The program can
also perform calculation for systems containing noncondensable.
components at infinite dilution. Totally 1500 data points of
thirty—thfee binary systems and four ternary systems were
studied. The results calculated using UNEXEC and UNIFAC
equations were compared against experimental results. For
comparison purposes, the syétems were also éimuléted using

Raoult's law.

As a result, it is observed that uNniguac and UNIFAC

equations are in good agreement with experimental data, mostly

S




much better than those by Raoult's law. Also, it can be seen
that Peng-Robinson equation gives good results for vapor
phase nonideality. Unfortunately, the results for condensable-

noncondensable systems were not encouraging.
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OZET

Buhar-sivi denge verileri ayirma islemlerinin tasarai-
minda temel ve Onemli bir yer tutmaktad;r; Deneysel veriler
her zaman tercih edilmesine ragdmen, bunlarin eksikliginde,
mihendis faz dengesi hesaplamalari ig¢in termodinamik bagainti-

lari kullanmak zorundadir.

Bu gailsmada, faz dengesi hesaplamalarin karisikliaga
ve deneme—yaﬁllma yéntemlerine_gereksinim duyulmasi nedeniyle,
,bir bilgisayar programi hazirlanmistir. Bu program sivi faz
igin UNIQUAC ve UNIFAC esitliklerini, buhar fazi iginde Peng-
Robinson:'. hal denklemini kullanmaktadir. Program kritik iistii
yogusmayan maddeler iceren sistemlerin de faz dengeéi hesap-
iamalarlnl yapabilmektedir. Bu ¢aligsmada outzlig ikili ve dort
adet(ﬁglﬁ sistem yaklagik 1500 denge noktasi igin incelenmig-
tir. UNIFAC ve UNIQUAC egitliklerinden alinan sonug¢lar hem
deneysel verilerle hem de kendi aralarainda karsilastirilmig-
tir. Yine karsilastirma amaci ile sonuglar bir kez de Raoult

yasasi kullanilarak elde edilmistir.

‘Sonu¢ olarak, UNIQUAC ve UNIFAC e§itliklerinin genelde

deneysel deéerlerle iyi uyum sagladigi ve bu sonuglarin
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Raoult yasasi ile alinan sonug¢lardanc¢ok daha iyi oldugu goz-
lenmigtir. Buhar fazin ideallikten.sapma durumu ig¢in, Peng-
Robinson denkleminin calisilan sistemlerde iyi éonug verdigi
gbrilmiigtiir. Fakat kritik listli maddeler igeren sistemler igin
alinan sonug¢lar, yogusabilir»sistemler igin-allnan sonug¢lar

kadar tatmin edici olmamlgtlr.
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. INTRODUCTION

Separation of fluid mixtures constitutes one of tie
main tasks of chemical engineering. Most large scale separations
are achiéved by classical phase contacting operations :
distillation, absorption, stripping and extractioh. Design of
equipment for such operations requires favorable relationships
between the equilibrium states of two or more phases for their

success.

‘The possible number of liquid and vapor mixtures in
technological processes is incredibly large; and it is unreasonable
to expect the experiﬁental vapor—iiquid equilibria will ever
be available for a significant fraction of this number. Further,
obtaining good experimental data requires appreciable experimental
skill,experience,and patience. It is, therefore, an economic

necessity to consider techniques for calculating phase equilibria.

Multicomponent vapor—liquid equilibrium calculations
reqﬁirebiterative schemes on account of the complex composition
functionality implicit in the equations which describe the
equilibrium. Instead of apperimate>SOlutions based on a variety

of simplifying assumptions, solutions well which the accuracy




of the data may be obtained by use of computer.

This study presents a computer program(VLENC) for the
estimation of vapor-liquid equilibria by using UNIQUAC and

UNIFAC. The results are discussed by giving various examples.



2. THERMODYNAMICS OF EQUILIBRIUM

The thermodynamic treatment of multicomponent phase
éqﬁilibria is based on the,cbncept of chemical potential.Two
or more phases being iﬁ thermodynamic equilibrium means that
the temperature of each phase is the same and the chemical
potential of each component present is equal to its chemical

. potential in other phases :

T = T S e s e ccv s e T (2.la)

. =4S o= ..... U T (2.1b)

where T, 1, and m stand forvtemperature, chemical potential
and the number of phases, réspectively. But, for engineering
purposes, a physically more meaningful quantity, called

. fugacity, can be obtained by a simple transformation. Fugacity
can be considered as a thermodynamic pressure since the
fugacity of each component is equal to iéé partial pressure

in a mixture of ideal gases.

For vapor-licuid equilibria, at the same temperature,
‘the equation of equilibrium for each component i is expressed

in terms of fugacity £fi :




f. = £ , (2.2)

where v and L stand for vapor and liquid phases, respectively.

In order to be able to use Eq.(2.2), the fugacities
should be related to the experimentally accessible quantites
such as liquid mole fraction x, vapor mole fraction y, absolute
temperature T and total pressure P. In thermal and mechanical
equilibrium, temperature and pressure are assumed to be same
for both phases. Fugacities can be reléted to these accessible
quantiﬁies using two auxiliary functions which are called
fugacity coefficient ¢ and activity coefficient Y . Fugacity

coefficient of a component i in amixture (¢i) is defined by:

yip' (2.3)

where superscript v stands for vapor phase. Activity coefficient

can be expressed as :

.~

v, = =

1 oL : (2.4)
x. £
1 1

where fiL is the standart state fugacity of component i and
superscript L stands for liquid phase. Substituting Egs. (2.3)

dnd (2.4) in Eq. (2.2) yields :




oL
v.P =Y

i 1% 5 (2.5)

-©-)

This equation is the key equation in the calculation of

multicomponent vapor-liquid equilibria.

2.1. Symmetric and Unsymmetric Conventions for Normalization

As indicated in Eq(2.4), the activity coefficient can
not be defined unless the standart-state fugacity fiL ¢ is
clearly specified. It is convenient to think that standart
-state fugacity fgL be the fugacity of component i as a pure
liquid at the same temperature of the solution and at some
specified pressure.-In the choice of standart state fugacity,
two different normalizations of activity coefficients for
condensable and non-condensable componenfs can ke used(l) .The
normalization of activity coefficient means, specification of
the state where in activity coefficiént is unity. For condensable
compenents, activity coefficient is normalized such that
Yi—> 1 as X;__s l.‘In #hat case, the fugacity of a component
becomes equal to the mole fraction multiplied by the standart-
state fugacity in the limit. For the system, containing only
condensable components, it is said that the activity coefficients

follow symmetric convention.

However, if the liquid solution contains a noncondensable

component, the normalization of ‘activity coefficients applied



to condensable components can not be used for noncondensable

components, since a pure liquid of supercritical component is

physically impossible. Neverthless, the noncondensable components

which aré not excessively above their critical témperatures
can be considered as hypothetical supercritical liquids and
their properties can‘be evaluéted by extrapolation. On the
other hand, if a noncondensable component is highly above its
critical temperature, the concept of hypotheticai liquid is of
little use sinqe the pure liquid propérties obtained by extra-

polation in this case lose their physical significance.

Therefqre, for a highly supercriticél component, it is
convenient to use a normalization different from the equation
xgiven for condensable components. So, we use Y? —>1 as xi_é.o_
The purpose of this asterisk is to call attention to the
difference in normalization. According to this different norma-
lization, tﬁe fugacity of component 1 becomes equal to the mole
fraction multiplied by the standart-state fugacity of i in the

limit as the mole fraction of component i becomes very small.

This type of normalization for a noncondensable bomponent yields

in the limit an ideal dilute solution or Henry's law region.
In that case, the standart-state fugacity of noncondensable

component i is defined by Henry's constant.

oL
£
Hi = lim 1
Xl_,O Xl (206)
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Since in a multicomponent mixture, containing both non-
condensable and_condénsable componenﬁs, two different norma-
lizations are applied, ;in this case, normalization is said to
be unsymmetric. In.such a mixture, the condensable and non—.
cohdensable components are refgrred to as solvents and solutes,
respectively. Briefly, it can be said that, the standart state
fugacity of a solvent is the fugacity of a pure liquid and the

standart state fugacity of a solute is Henry's constant.

2.2. Standart-State Fugacity for Condensable and Noncondensable

Components

The prediction and correlation of physical properties
of real materials is greatly facilitated when one has a standart
base or a model of "ideal" behaviour to which real behaviour
can be compared. For example, a model of ideal behaviour is
provided by ideal solutions. In an ideal solution, the fugacity
of a component is equal to the mole fraction multiplied with

standart state fugacity (2) :
id- oL | (2.7)

fdeal solution is observed in thé limiting condition
o -
Yi—> 1 88 X;—> 1 for condensable component or Y;—> 1 as

Xi—> 0 for a noncondensable component. For the latter case,

‘the standart state fugacity is the Henry's constant.



For a condensable component, the standart state fugacity

is given by (3) :

L

2 25 0f e 128 Vi
- RT , (2.8)
where sz.= standért-state fugacity at system temperature
énd pressure P,
\fg = saturation vapor pressure of pure liquid at
'“ temperature T,
¢§ = fugacity coefficient of pure saturated vapor,
and temperature T,
V; = molar liquid volume of pure i at temperature T.
i

It is. assumed that V? is a function of only temperature, not

of pressure.
) ]

Normally, Henry's constant for solute 2 in solvent 1 is
determined experimentally at the solvent vapor pressure Pi.

The effect of pressure on Henwpv's constant is expressed as:




) D T
Hy,i =Hy 1 exp/ps 2 ap (2.9)

1 RT

where denotes infinite dilution and P* any reference pressure
When PT is low, the exponential correction in Eg(2.9) is

negligible

Since the knowledge of ff islimited, this study hés
been concentrated on the mixtures containing dilute solutions
of noncondensable components. Therefore, it is convenient to
takewyﬁ'= 1 in this study (1) . So, for a noncondensable

~component in dilute region (Xj<<1l), Eg(2.5) can be re written as:

I
>
-

y;P ¢, (2.10)
Subtituting Eq(2.8) into Eq.(2.5), the general equation

of vapor—liquid equilibrium for condensable components is

written as :

S P, VE
y;Ph; = X,v,PLol &xP &f; R; do (2.11)

2.3 The Vapor Phase Nonideality : Fugacity Coefficient

The vapor-liquid equilibria conditions can be predicted,

if the fugacities of tWo'phases are separately calculated.
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In the calculation of the fugacities, different techniques

are required for vapor and liquid phases.

Vapor phase nonideality becomes important at moderate
and high pressure. At low pressures, the gas molecules interact
with one another less_stronglj. Therefore,-as total pressure
approaches zero, the nonideality of vapor-liquid system mostly
exists iﬁ the liquid phase. In that case,'vapor phase nonideality
can be neglected and the fugacity of the vapor phase becomes
the product of the vapor mole fraction and total pressure.
This is the ideal gas assumption. The less simplified assumption
is the Lewis fugacity rule in which the gases are considered

as real, but gas solution as ideal(l). For such conditions,

‘the fugacity of component i in a gas solution is the fugacity
of pure cemponent i multiplied by its mole’fraction.. This
simplifies calculations because the fugacity coefficient is

no longer a funcrion of vapor mole fraction. So, in the
prediction of bubble point and flash conditions, no iterations

are required for the vapor mole fractions.

Unfortunétely, assumption of ideal gas or Lewis fugacity
rule, can sometimes cause serious errors, especially at
moderate and high pressures. But, with the use of electronic

computers, there is no need to make such simplifications

It is often convenient to deal with the ratio of the
fugacity to pressure rather than with the fugacity itselt and

this ratio is called fugacity coefficient ¢. There are three
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such quantities.

For a mixture, ¢ = £/p , (2.12)

For a puré‘material, ¢i = fi/P (2.13)
For a component in a solution $i = fi/XiP (2.14)

For a mixture or a pure material, fugacity coefficient can be

found using the thermodynamic relationship:
/P - ap
In ¢ = J7(2-1) G2 - . (2.15)
o P '

where z is the compressibility factor of mixture or pure
component. Similar expression is obtained if V, rather than P,
is the variable of integration. Then,

1n ¢ = (2-1)-lnz-s¥(z-1)_4V_ (2.16)
. o Y

The fugacity coefficient of a component i in a solution
($i) can be expressed as the partial molar property of 1n ¢,

where ¢ is the mixture fugacity coefficient :

In ¢;= 3% ?T,P,X-

_i (2.17)

If the vapor mixture contains only ideal gases, the
integral in Eq.(2.15) is zero and Z is unity for all components.

In that case ¢ is also unity. In a mixture which contains
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gases which are not ideal with the gas solution being ideal.
the fugacity coefficient of a component i in a solution
‘becomes equal to the fugacity coefficient of a pure component,

and then Eq.(2.17) need not be used for vapor phase nonideality.

2.3.1. Peng-Robinson Equation ofState

The fugacity coefficient can easily be found from any
equation of state; Numerous emﬁ}rical or semiempirical equations
have been pfoposed up to now. One of them, virial equation of
state is the only equation which has a theoretical base. In

this study, a new semiempirical equation of state(4), called

Peng-Robinson equation of state, is used. Peng-Robinson equation -

of state is a modified form of vander Waals equation of state.

Semi-empirical equations of state generally express

pressure as the sum of two terms, a repulsive pressure PR and

an attactive pressure P, as follows :
P = Pp1P, (2.18)

The equations of state of vander Waals (1873) and

Redlich_mmﬂg-(l949) and Soave (1972) are examples of semiempirical

equations and all express the repulsive pressure by the vander

Waals hard-sphere equation, similar to Peng-Robinson equation:

_RT
V-b : - (2.19)
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The attractive pressure can be expressed as :

- - a
PA_‘W

g(v) (2.20)

wﬁére g(Vv) is a functidn of the molar volume and b is constant
related to the size of thé hard sphére. The parameter a can
be regarded as a meésure of the intermolecular atractive
forces. b is usually treated as temperature indenpendent and

a is a constant only in vander Waals equation.

Choosing a suitable function for g(V), the predicted
critical compressibility factor can be made to approach a more
realistic value. The applicability of the equation at very
high.pressure is affected by the magnitude of b/Vc, where Vc
is the criticél volume. Furthermore, treating the dimensionless
scaling féctor for the energy parameter, as a function of
acentric factor in addition to reduced temperature; has
significantly improved the prediction of compressibility faétor 

and consequently, the equilibrium ratios (y/x) in mixtures.

In this study. the attractive pressure is calculated

from (4) :

a(T)
V(V+b) tb (V=-b) (2.21)

P = -

Using Egs.(2.18),(2,19) and (2.21), one obtaiffs:
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p- Rr__ 2l |
V-b V (V+b) +b (V-b) (2.22)
Eq (2.22) | can bé rewritten as :
23— (1-B) 22+ (a-3B%-2B) 2- (AB-B*-B3) = 0 (2.23)
where A = _;227_ A
R2p2 (2.24)
B = PP
RT (2.25)
g = BV _
RT ' (2.26)

Eq. (2.23) yields one root or three roots depending upon the
number of phases in the system. In the two-phase region, the
largest root is the compressibility factor of the vapor while

the smallest positive root corresponds to that of the liguid.

Using Eqg.(2.22), expressions for a and b can be obtained‘

at the critical point E

L2 2
a(T_) = 0.45724 R Tc
: P (2.27)
c -
b(T) = 0.07780 —RTc
p (2.28)
' C
Z = 0.307 - (2.29).
C

At temperatures other than critical :
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a(T)

(T ). o (Tp.w) (2.30)

b (T)

b(Tc) (2.31)

where o (T ,w) is a dimensionless function of reduced temperature,
T+, (also called scaling factor for energy) and acentric factor
w, and equals unity at the critical temperature. The functional
form of o was determined by using the literature vépbr pressure
values, For all subtancés examined, the relationship between

o and Ty can be linearized by the following equation :

1/2

o’ = 1+ Ki(l—Trl/z

) (2.32)
where :K;iS a constant characteristic of each substance. K

valueé have been correlated against the acentric factor. The

resulting equation is :
¢ = 0.37464+1.5423w - 0.26992 w” (2.33)

Substituting Egq- (2.22) into Eq.(2.15), an expression for

pure component fugacity coefficient is obtained :

ln ¢, = 2-1-1n(z-B) = — A 1n (Zf2.414B,
> J 28 %-0.414B

The fugacity coefficient of component i in a solution

can be found by combining Egs. (2.15),(2.17) and (2.22) :

' 21x a
~ . bj - . Cas . b.
ing,= — = (Z-1)-1n(Z-B) A Sokk kL Pi 0 212.414B
* b - 2428 a b 7-0 ,414B

) . (2.35)

U O S




16

The mixtures parameters used in Eg.(2.35) are defined by the

following mixture rules :

a = ¥ X.X.a.. (2.36)
i3 7473743
b :.g Xibi B ‘ (2.37)
_ _ 1/2_1/2
gijj-'(l aij) ay aj (2.38)

In Eq(2.§8) 6ij is an empirically determined binary interaction
‘coeffecient, characterizing the i-j binary system. Gij s are
determined using exberimental.binary VLE data. Its inclusion

is neceéssary in order to bring about better agreement between
experimental data and predictions for binary systems involving
é’hydrocarbon énd nonhydrocarbon com?onentl The interaction
parameters for several of the watershydrocarbon binaries are

listed in Appendix C, but no interaction parameters is available

for hydrocarbon-hydrocarbon binaries (5).

2.4 Liquid Phase Nonideality : Activity Coefficient

In order to predict vapor-liquid equilibria in
multicomponent mixtures, we require a ﬁethod for éalculating
the fugacity of component i in a liquid phase. First of all,
nonideality of the 1iquid phase has to be expressed. Activity
coefficient is used for this purpose. In a mixture, activity
coéfficient Yy of component i is related to GE, the Excess

Gibbs free energy per mole of mixture by :
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E A .
G~ = RT § xiln'Yi (2.39)

an GE

T
( )T,P,n'=i

= RTlny, : (2.40) .
i
onj 3

where R is the gas constant, T is the absolute system temperature,

ng is the number of moles of cdmponent i, nn, is the total

number Qf moles (nT = ini) and X, = hi/hT'
Activity coefficient depends on'composition, temperature
and pressure. The effect of pressure on activity coefficient

\

is.givén by :

7 - v, b= rr R0VH

i ap  T,X (2.41)

1

where 5? is partial molar liquid volumes and v? is molar liquid
‘volume. At low or moderate pressures, the effect of pressure
is negligible, and in this study, pressure effect on activity

coefficient is neglected .

The most important variable is the composition of the

component of interest. The effect of temperature is not neglible,

but often it is not large when consideration is restricted to

a moderate temperature range.

As it is seen in Eq.(2.40),in order to obtain activity

coefficients,it is necessary to construct an expression which
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gives GE as a function of composition,temperature and pressure.
In this study, two different models are used in the calculation
of liquid activity coefficients. These models will be discussed

in the following sections :

2.4.1 UNIQUAC Equation ‘ |

A correlation based on the quasi-chemical theory of
liquid solutions proposed by Guggenheim(6), and generalized
by Abrams and Prausnit2(7), is the UNIQUAC (Universal Quasi
Chemical Theory) equation. Unlike Guggenheim's theory; however,
UNIQUAC is aﬁplicable-to mixtures whose molecules differ
appreciably in_size and éhape. One advantage of UNIQUAC is that

it contains no more than two adjustable parameters per binary.

UNIQUAC equation, is constructed from a cE expression

which consists of two parts.

GE = GE (combinatorial) + GE (residual) (2.42)

for a binary system :

G_(combinatorial) _ Xllngifx

1n22+ (2 (q, ;100 tq x 1002 )
RT X

2
1 X2 2 @l ®2

(2.43)

N T T T
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GE(residual)=_q

) (2.44)
RT Sk

ln(e TG ln(e +6

T
2T21) "9%, 1712

where ¢ is segment fraction, 6 and 6' are area fractions, 2 is
the coordination number. Z may hdve a value between 4 and 12
depending on the type of packing. Empirically, for a typical
liquid at ordinary conditions; Z is close 10. Numerical results
for 1n Y; are insensitive to the choice of Z profidéd a
reasonable value (65%<1l2) is chosen. However, adjustable
parameters T..’andsrji depend on that chdice. In the present

1]
work, 2 is taken as 10 (8).

' \
Segment fraction ¢ and area fractions 6 and 6 are given

for a binary system by :

X,

N 6, =—22

Lx r4x.r XrptXyr,  (2.43)
174575
o - X197 0,- _ 29 (2.46)
| =
X194 T%9, X19;1X59,
L} 1 L 1
N K% (2.4
| T h 0, =
X173 TX5q5- BRSESR2OE0!

The parameters r,q and g are pure component molecular
structure cbhstants‘depending on molecular size and external

surface areas. r and g are expressed as:

cv ‘\IE\I7 | 2.48
ri = Wi/ . \ ( . )

ya

s

9; = Awi/(z.s/log) | . (2.49)
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where VWi and Awi.are the vander Waals volumes and areas of

the molecules given by Bondi(9).

In the original formulation q:q'(7). To obtain better
agreement with water or alcoho;s, q'is used for water and
a lcohols and they are obtained emprically to give an optimum
fit to a variety of éystems containing these components(10).
For alcohols, the surface, of interaction q'; is smaller than
the geometric external g, indicating that for alcohols,

intermolecular attraction is determined primarily by the-OH

groups.

For each bihary combination in a multicomponent mixture,
there are two adjustable parameters, %12 and Top e These in

turn are given in terms of characteristic energies Au

~~12 and
Auzl by :
. . AU a
Ty5= exp (- 12y exp (— 12_)
“RT T (2.50)
. AU a
Ty1= exp(— 21): exp (— 21—)
RT . T (2.51)

Egs.(2.50) and (2.51) give the primary effect of '

. Charactreristic energies AU

temperature on T and T

12 21 12 and

AU are often weakly dependent on temperature. Thus, the

21

atcitivity coefficients are readily found by differentiation

as indicated by 'Eg(2.40).
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For a binary mixture, activity coefficient Yqr is

~given by :
¢ g 0 r
1 X 5 1T, 271 T2
1 1 2
' ' 1 T T
~g'1n (0,16, T,.)+6,q. (—2L _ 12 (2.52)
B B A R R R S <
272 "21 2'71 "12
. _ ‘g ; _ _ ,
where ll = ('_2-) (rl ql) (rl 1) (2.53)
Z .
and 1y = (57) (rymgy)={ry=l) (2.54)

For component 2, Y, can be found by interchanging subscripts

1 and 2.

Egs. (2.43) and (2.44) can be extended to multicomponent

mixtures without additional assumptions as follows :

E . . o, 0.
G (combinatorial) - ZXiln' i flg Ziniln i
- > —
RT * X3 % (2.55)
GE(residual) ! !
=-Iq;X;1n(I6; T.,) o © (2.56)
RT i 33 3

1
where segment fraction ¢ and area fractions 6 and 6 are given

by :

L r.X, a (2.57)
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o, = Lifi | | (2.58)

i
-
>
-

(2.59)

For any component i , the activity coefficient can be

found by using Eqg.(2.40) :

) é

(D. Z i i & L
Iny.=ln-4 ;. (—)g.ln—4j.— —IX.1l.-q.1ln(26.7,.)
i X. T 2 i 5. i X, J73 i j‘j Jji
i i i
1
' ' 6. T..
tq,-q. L —I—11
l l' 1
J e T
’ k'kj (2.60)
yA )
where lj = ——2——(rj qj) (rj 1) (2.61)

Eg. (2.60) reguires only pure component and binary parameters.

In this work, the fugacity of the liquid phase for
noncondensable component in dilute region is taken as the

mole fraction of that component multiplied by Henry's constant:
i ivij ) (2.62)

where H, j.shows Henry's constant for solute i in solvent j.
) 7

To estimate Henry's constant for solute i in a mixed solvent,

the following approximation is used (1):

IniHy = g 0,in Hys : (2.63)
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where the summation is over all solvents j, and M shows the
mixture. The surface fraction ej is taken on a solute free
basis where solute free refers to all solutes. For convenience,

Hij’ is expressed as a product of twovfunctions(l):

H, . =(y. ©) £ . (2.64)

i,J i,] 1

where supercript « denotes infinite dilution.

For noncondensable components, the hypothetical standart

- state fugacity is represented by an arbitrary function(l).

oL
£; T o -1 T

1n - 7.224-7.534(——)"1 —2.5981n (L) (2.65)
P . , T T
Ccl Cl CcCl

where Pci and Tci are, respectively, critical preséu;e and
critical temperature of component i. Eq(2.65) gives a‘rough
first approximation for the effect of temperature on Henry's
constant. Activity coefficient Yi,? is often only weak function
of temperature provided that the temperature range is large

and provided the syétem temperature T is not near ch, the
critical temperature of solvent j. Here, Y5 ; is given by the

4

empirical equation :

© (o)
i,5 =8i,5 ¢ 6§%; T

-1 (2.66)

where §; 5 i3 are binary parameters. For a mixed solvent:
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>lnyé = Zl(a.lny?o . ’
Ty 3 | (2.67)

where ej, again on solute free basis, is the surface fraction
of solvent j.

l

When a condensable solute is present, the activity
coefficie;t of a solvent is giveh by Eqg(2.60) provided that
all composition variables (X,6,%) are taken on solute free
basis. For solutes with small mole fractions, UNIQUAC parameters
%ij and -Tji are set to unity, wherever i is a solute'and_j is either
a solvent or a solutés

ﬁNIQUAC is applicable to noﬁelectrolyte multicomponent
mixtures of nonpolar and polar liquids containing small or
large molecules, including polymeré, because the primary
concentration variable is a surface fraction rather than mole

fraction.

2.4.2 UNIFAC Equation

Another model for the prediction of activity coefficients,
UNIFAC (UNIQUAC Functional Group Activity Coefficients) (11) is
an example of a group contribution méthod. It is based on the
 UNIQUAC method. The basic difference is that the liquid mixture
is considered to be a solution of structural group is i
.1ike-CH3,-OH and others which when added, form the parent
+ ohly volaﬁile gases likg HZ,NZ,OZ,COiAr and_CH4 are considered to be

noncondensable.
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molecule. The properties of mixture is then calculated from

the properties of the molecules.

Extension of the group-contribution idea to mixtures is
extremely-attractive because; while the number of pure fluids
in chemical technology is already very large, the number of
different mixtures is étill larger, by many orders of magnitude..
Thdusands,vperhaps miliions,.of multicomponent liquid mixtures
of interest in the chemical industry can be constitued from

perhaps at most one hundered functional groups.

In the UNIFAC method, GE expression and thus activity
coefficient has a combinatorial part and a residual part as in

— j n ( A )

The combinatorial part of the UNIQUAC equation is used directly:.

c @i Qi b,
lnyi - lng__#_g_ qiln———flie ijlj (2.69)
i s X, 3

@i,ei and li are given by Egs.(2-57), (2-58) and (2-61),respectively
z is taken as 10. Only pure component parameters enter into /
this equation. Parameters r, and q; are calculated as the sum

of the group volume and area parameters Rk and Qk :

(i)
i=y z

k k Qk'
* BOGAZICH UNIVERSITESI KUTOPHANES]

Rk and q; = (2.70)
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where

v.(1i)
k

is always an integer, showing the number of groups

of type k in molecule i.

Group parameters R, and Qk are obtained from the vander

K
Waals group volume and surface areas Viik and Awk' given by

Bond (9), as in UNIQUAC equation :

RK = Vwk/15.17 g (2.71)

9
Awk/(2.5x10 ) _ (2.72)
The normalization factors 15.17 and 2.5x109 are those given

by Abrams and Prausnitz (7).

The residual part of the activity coefficient for the

UNIFAC equation is expressed as :

~1nr (Y| (2.73)

lnyi = zwﬁl) Ilnyrk K

where Tk is the group residual activity coefficient, and Pél)
is the residual activity coefficient of group k in a reference

solution containing only molecules of type i. In Eqg(2.73), the

(1)
k

term 1InT is necessary to attain the normalization that

activity coefficient Yibecomes unity as Xi+l. The group activity

(1)
k)

molecule i in which k is situated. The group activity coefficient

coefficient for group k in molecule i (T depends on the

Fk is found from the expression :
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lnI‘k:QkI 1-1n (gemwmk) -El.(om‘ymk/;zlenwnm) | | . (2.74)

(1)
ko

fraction of group m, and the sum is over all different groups.

Eq.(2.74) also holds for 1nT In Eq.(2.74), Gm is the area

Gm is calculated in a manner similar to that for ej':

_ |
m =TT (2.75)

20,5,

where Xm is the mole fraction of group m in the mixture. The

group interaction parameter wmn is given by :

‘Pmn = exp_| ..._m_r_l_—ml_l - exp—(j_alﬂ_ri) T (2.76)
RT T

where Umn is a measure of the energy of interaction between
groups m and n. A sample calculation of activity coefficients

with UNIFAC is given in Appendix B. -

UNIFAC originally had 18 main groups and 26 subgroups (11).
Later, the method was revised and its range of applicability
considerably e#tended. (12),(13),(14) .UNIFAC now encompasses
40 main groups and 76 subgroups. Although they have their own
Rand Q parameters it is assumed that the'subgroups within the
same main group have identical group energy interaction para-

meters.
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The limitations of UNIFAC are that it is not apélied
at high pressures and to systems containing noncondensable,

eletrolytic and polymeric components and immiscible liquids(21).
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3. COMPUTATIONAL METHODS

The thermodynamic basis for calculation of phase
equilibrium cohditions in PVT systemé asserts that the fugacity
fiof'each component i in an N-component system must be the

same in all phases at equilibrium.
(3.1)

According to ﬁhe phasé rule, the number of degrees of
freedom F at equilibrium is given by the difference between
the number of variables and the number of equations. The
variables are temperature,pressure and N mole fractions in
each of the4m equilibrium phéses. The total number of equationé
are (m-1)Nfm. (m-1)N of these are given by Eq.(3.l) andvthe
rest m equation are obtained‘from the stoichometric relations

in each phase.

™2

W, =1 * (3.2)

where Wi is the mole fraction of component i in each phase. So,
the degrees of freedom F in an N-component and inphase system

at equilibrium, Where_total number of variables is Nmt2, can

be expressed as :
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F = 2%N-m ’ '(3.3)

" Application of Eq(3.3) to a vapor liquid equilibrium
system gives F = N, this means that for an equilibrium state
only N of the 2Nt2 variables are hﬁkpaﬁbntkae,N phase rule
variables are specified, remaining Nt2 variables can be
determined, in.principle, by simultaneous solution of the N

equilibrium relations of the form:
(2.2)
and 2 equations given by Eg. (3.2) for each phase.

Because of the engineering interest, vapor-liquid
equilibrium calculations are performed by specifying either
temperature or pressure, and either the liquid phase or wvapor
phase mole fractions. Therefore, thefe are four possible types

of vapor-liquid equilibrium calculations as given in Table 3.1.

TABLE 3.1 The Types of VLE Calculations

Given Find ‘ TZEe
'P,xl,xz,}.xN T Yy ¥y, Yy Bubble T
T,Xi,xz"o-XN P’Yl’YZ’ .YN ) BU.bble P )
PyY Yy, Yy T, Xy 1%y Xy Dew T

T’Yl,YZ’ .'.YN ‘ . ’ P,Xllle -)(N . Dew P
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Thevequations available to perform vapor-ligquid
equilibrium calculaﬁions are nonlinear and to obtain a solution
one must use an effective iterative procedure. For bubble and
dew point calculations, two objective functions are introduced,

respectively :

kiW. =1 (3.4)

s ae 1

and

™
s
[
~N
~
-
I
=

(3.5)

with a single unknown variable either the temperature (at
‘given pressure) or the pressure (at given temperature) (1) Here,

K; is the equilibrium ratio which is given by :

K, = y;/%; ‘ (3.6)

and it can be calculated using either Eq(2.10) or Eq.(2.11)

The equations like Eq. (3.4) and (3.5) are mostly solved

by an effective iteration method like Newton-Raphson method. .

The iteration formula of Newton-Raphson method, being essentially

a point-slope method, is given by :

F (¥01d)
new old —

F' (X1 4) (3.7)

where X is an independent variable.

Using Raoult's law for vapor-liquid equilibrium and

using Antoine equation for saturated vapor pressure, it is
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helpful to note that K, tends to vary with 1/P and with
exp(l/T). For bubble point temperature calculations, an
objective function is redefined:

N
G(T) = 1n| ¥ K.W

N i1 =0 | (3.8)

Similarly, for dew point temperature calculations,

: . ,
G(1/T) =1n | T W./K.|] =0 (3.9)
. i’7i
i=1
is defined. Egs.(3.8) and (3.9) have more nearly linear ’

behaviour than do Egs.(3.4) and (3.5)

For bubble point and dew—poin£ pressure calculations,

the appropriate forms are, respectively :

N :
G(L/P) = ¥ K,W.-1 =0 _ (3.10)

‘ N . .
and G(P) = z Wi/Ki-l =0 (3.11)

At low or moderate pressure, a Newton-Raphson iteration
is not‘required for bubble and dew pressure calculations,and
for such cases, iterations are made by using the following
eéuations, respectively :

’

Pnew = POldiil Kiwi _ (3.12)

Pnew = Pora/ (I Wi/Ky) | (3.13)
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The solution of the equations in vaéor—liquid equilibrium
calculations, requires tedious trial and error calculations
which can be effectively and easily carried out by a .digital
computer. The interactive computer program VLENC written in
Fortran V, in this study, haS”maihly four options for vapor-liquid
equilibriﬁm calculations: DewT,Bubble T, Dew P and Bubble P:as
given in Table 3;1, for the multicomponent systéms‘containing
condensable and noncondensable'componenﬁs. VLENC calculates
vapor-phase nonidealities using Peng-Robinson equation, but it

has two options for liquid phase nonideality, namely UNIQUAC

and UNIFAC. VLENC consists of a main program and 17 subroutines.
The relations betweén main program and its subroutines are ~
given in Figure 1. VLENC also contains 4 data files : YLIST

is used for the names of the components for which thermophysical
properties exists, YDATAPP is used for the physical properties

of those components, YDATAUQ and YDATUM are used, respectively

for the parameters of UNIQUAC and the functional group parameters
of UNIFAC equations; The list of the UNIFAC and UNIQUAC parameters

are given in Appendix C.

The flow diagrams of the subroutines DEW T, DEW P, BUB.' T,
BUB.. P are given in figures (3.2),(3,3%(3;4). The flow diagrams
for the Dew T and Bubble T calculations are given on the same
figure, because the.same procedure is used for both calculations.
DEWT is one of the main subrbutines of VLENC for the calculation
of dew-point temperature of a multicomponent mixture. In the
prediction of dew point temperature, thé program tries to éqqate

the objective‘function}'G_given by Eq(3.9), to zero.
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BUBP

BUBT

DEWT DEWP

INPUT ——'[ VAPS

FINDR

conNSsT

ACEF

ROOT

RFUGAC

s

UNIFAC

o

o

RFUGNC

FIGURE 3.1 Program VLENC and its Subroutines
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(=)

Read Vapor (or Liquid) Mole Fractions,Pressure and
Convergence Criterion EPS.

Estimate Initial Values of Temperature and Licuid
(or Vapor) Mole Fractions for First Iteration ’

Set’ the Summation o
Equal to Zero. XX (o

¥ Liguid (or Vapor) Mole Fractions

{

Calculate Saturated Vapor Pressure,Liouid Molar Volume

- Activity Coefficient,Fugacity Coefficient,Saturation
Fugacity OCoefficient.

Estimate tenperature
G(1) '
(G(2)-G T
A (1)yN

Calculate Liquid (or Vapor)
Mole Fractions

Calculate Summation of
Liquid (or Vapor) Mole

T = THAT

Fractions

G(I) = ALOG (7%, (or v,)

[R—

- 1. =

I=Ifl

rmalize Licuid (ox Vamﬁ
le-fractions ™ .
Xy vi)=Xy (vi) /SMX (or (SUMX)

FIGURE 3.2. Flow Dlagram for DewT (program DEWT) and BubbleT (Program BUBT)

Calculations

Fey



Read the Vapor Mole Fractions,Temperature,
and'Convergence Criterion

.

Estimate the Initial Values of Liquid Mole
Fractions and Pressure for First Iteration

Calculate Saturation Vapor Pressﬁre,Liquid
Molar Volume,Saturation Fugaclty Coefficient

5

Set the Summation of Liquid Mole

Fractions to Zero Ix;=0

h,

Calculate Fugacity Coefficient,
and Activity Coefficient

L .

Calculate Liéuid Mole Fraction

and SUMXmIXj

i

Normalize Liquid

Mole Fractions
Xi=Xi/SUMX Estimate Pressure
P=P/SUMX
h
ABS (G) <EPS NO
Print the »
Results h

FIGURE 3.3. Flow Diagram for Dew P Calculations (Program DEWP)
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.

Read Liquid Mole Fraction, and Temperature and
- Convergene criterion EPS.
Estimate the Initial Values of Vapor Mole fractions
and Pregsure for First lteration.

|

Calculate Satui:at_ed Vapor Pressure,Liquid Molar Volume,
saturated Fugacity Coefficlent,and Activity

Coefficient.
. 1
=

Set the Sumation of Vapor Mole Fractions to
Zero. Iy, = 0 '

h

‘Calculate Fugacity Coefficient

Calculate Vapor Mole Fractions v,
and Summation of them SM = Iy,

Normalize Vapor Mole

Fractions. y 4= Y Estimate New Value of
Sury Pressure P= SUMYXP

BBS(G).<EPS

Print the
Results

FIGURE 3.4. Flow Diagram for Bubble P Calculations (Program BUBP)

&
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After reading vaéor—mole fractions and pressure, the
program estimates the temperature and liquid mole fractions
for first iteration (Fig.(3.2)), Next, the‘brogram enters an
iteratiﬁe loop and following the calculations bf,the thermodynamic
functions required in vapor—liquidvequilibria, it estimates
liquid mole fractions by appiying Eqg.(2.11) for the condensable
components or Eq.(2.10) for noncondensable componehts. Then,
the program calculates the objective function G,‘and normalizes
predicted liquid mole fractioﬁs._BefOre repeating calculations
for G at TTAT in Newton-Raphson formulation, it compares the
function G at T with convergence ctiterion EPS. Next, it finds
a new valu of temperature for other iterations in Newton-Raphson
formulation. All thermodynamic functions have to be recalculated
‘for each temperature‘because of their temperature dependence.
This iterative'calculational procedure continues until the
value of the bbjective function G becomes less than EPS. In

this case, the program prints the results and stops.

The subroutine BUBT calcﬁlates bubble point temperature -
conditions. Calculational procedure of BUBT is the same as the
procedure of DEWT and flow diagram can also be represented as
given in Figf3.2).vIn this cése only, the notation of the mole

fractions are different as given in parenthesis.

The subroutine DEWP, is the third main subroutine of
the main program VLENC and is able to perform dew point pressure
calculations (Fig.(3.3)). Program reads vapor compositibns and

temperature, and estimates the initial values of pressure and
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liquid mole fractions. Then, itAcalculates saturated vapor
pressure P?, liquid molar vqlume V? , and saturated fugacity
coefficient ¢§ ' required in the prediction of liquid compositions.
Since these functions are independent of pressure, they are

not calculated for each additional pressure estimation. Next,

the program enters into iterative scheme. After calculating
fugacity coefficient $i , which is a function of P, and activity
coefficient Yyt which is a function of liquid mole fraction,

the liquid mole fractions ére predicted. ?rogram normalizes

the liqﬁid mole fractions and compares the objective function
for dew'pressure (Egq.3.11) with the convergence criterion EPS.
If the value of the difference is greater .than EPS, it estimates.
the new value of pressure for next iteration using‘Eq. (3.13).
Because of the linear behaviour of dew pressure or bubble
pressure objective functions, Newton-Raphson iterative technique
is not.required to avoid unnecessary calculations. Iteration

chtinues until objective function becomes less than EPS.

Last option of vapor-~liquid calculations,bubble point
pressure, is performed by the subroutine BUBP.The program reads
teﬁperature and liquid mole fractions (Fig 3.4). Next, it
calculates all thermodynamic functions which are not functions
of pressure and vapor mole fractions, except'fugacityrcoefficient,
which depends on préssure and vapor mole fractions. Then
iterative scheme comes and only fugécity coefficient qalCulation
takes place in this loop. After calculating vapor mole fractions,
it cdmpares the objective function for bubble point pressufe

with the convergence criterion, EPS (Eg.3.10) Unless the
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objective function G, reaches a value less than EPS, it continues "~

iterations by estimating a new value of pressure by Eq.(3.12).

The detalied description and listing of the programs

are given in Appendix C.
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4, RESULTS AND DISCUSSION

In this work, thirty three binary and four ternary
systems were studied. Besides comparing the experimental and
calculated results, UNIQUAC and UNIFAC results were compared
with each other. For this purpose systems were selected such
that the required parameters for the calculation of vapor?liquid
equilibria are available in both UNIQUAC and UNIFACvéarameter

tables.

The program VLENC have been run for about 1500 data
points. Because of the large number of calculations, some of
the results are given‘as average absoclute mean deviations
from experimental data for the whole data set. Average absolute
mean deviation (AMD)vis calculated by :

N

% ABS (G )

calculated_Gexperimental

N

where G is any variable such as X,y,T or ?, and N is the number
of data points. Most of the dalculatibnsAperformed were bubble

T and dew‘T‘type because, in literature, most'experimeﬁtal

data are available-at_ispbaric éonditions. First thirty tables

give the computational results for binéry and ternary systems
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for each experimental point. In Tables 4.1-4.30, for each
system‘equilibrium results are given for both UNIQUAC and

UNIFAC equations.

UNIQUAC and UNIFAC pure component and interaction
parameters are presented in Appendix C. Even though for UNIQUAC,
sometimes more than one interaction parameter is encountered
in literatuzé for a binary pair, in this work only one which
gives best results for the system studied, is presented in

the tables and in the data file.

Tables 4.1-4.4 presents dewT and bubbleT predictions
of i-Propanol-2,2,4-Trimethyl pentane binary system. As it is
seen in Tables 4.1 and 4.2, bubbleT predictions for that system
performed by UNIQUAC are much better than by UNIFAC. Tables
4.3,4.4 give us the DewT results of the same system using
UNIQUAC and UNIFAC, respectiveiy. Here, also, the results
obtained by UNIQUAC, although not as good as in the case‘of
bubbleT predictions, are in better agreement with experimental

results than those predicted by UNIFAC.

Tables 4.5-4.8 present the bubbleP and dewP predictions
for the 2,2,4-trimethyl pentane and toluene binary system. In
this case, the predictions by UNIFAC are slightly better than
those of UNIQUAC. Also,. for this system, dew point predictions

are worser than bubble point predictions.

Tables 4.9-4.14 show that the phase equilibrium predictions
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for n—hexane¥ethanol, n~hexane-benzene and n—-hexane-toluene
binary systems by either UNIQUAC or UNIFAC equations are quite

good.

Bubble point predictions for benzene i—propanol system

by either UNIQUAC or UNIFAC, as it is seen in Tables 4.15 and

4.16, are in very good agreement with the experimental data.

‘By comparing Tables 4.17 and 4.18, it .is observed that
the preaicted bubbléT results by UNIFAC for methanol-2-butanone
system is very good and better than the results predicted by
UNIQUAC. For this system, UNIQUAC interaction parameters
obtained from experimental data in literature, should be

rechecked.

In Tabies.4.l9—4.22, dewT and bubbleT results, respectively,
for the binary systems of water-ethanol and wafer—methanol
are given. Average mean deviations of liéuid mole fractions,
vapor mole fractions and temperature show that thé results
predicted either by UNIQUAC or UNIFAC, are in good agreement

with the experimental VLE data.

In Tables 4.23-4.30, results of three different tefnary
systems are presented. The ternary systems contain components
which are considered in the préceeding tables. In Tables
4.23 and 4.24 bubbleT predictions fof acetone-methanol-water
ternarj system are given. The absolute mean deviations'in'

y; s of the compbnents are 0.0121,0.0066,0.0068 for acetone,

i
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methanol,water,respectively, and absolute mean deviation in
temperature is 0.8002 by.ﬁsing UNIQUAC. Although the predictions
by UNIFAC are not as good as those obtained by UNIQUAC they

are still in good agreement with experimental data.

Comparison of Tables 4;25 and4.26 shows that for
2-butanone—n—hepﬁane—toluene ternary system, also UNIQUAC
predictions are better than thése obtained ﬁNIFAC.

The last ternary system whose results are tabulated
point by point, is the methanol-carbon tetrachloride-benzene
system. As it is seen from Tables 4.27 and 4.28 bubbleP
calculation by UNIQUAC gives e#cellent results. The mean
deviation in pressure is 0.014 atm, which is quite acceptable
for a system pressure of about 0.9 atm. The results obtained
at the same conditions by UNIFAC, are worser than those obtained
by UNIQUAC. The absolute mean deviations in y; and in pressure

are aboﬁt 10 times of those obtained with UNIQUAC.

Tébles 4.29 and 4.30 give the results of dewT calculations
- for the previous system. As observed in previous‘cases,vdew
point predictions by UNIQUAC are not as good as bubble point
predictions. However, in this case, UNIFAC dew point predictions

are slightly better than UNIFAC bubble point predictions.

In the next six tables, Tables 4.31-4.36,. the predictions
~are given on the basis of whde data set for each system. In

these tables, experimental data are compared with the calculated
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results using UNIQUAC, UNIFAC and Raoult's law.

The computational rg§ult§ are given as absolute mean
deviations both’in-compositions and in temperature or iﬁ
pfessure, for the whole data set of each system. It is seen
that the results obtained by either of UNIQUAC énd UNIFAC are
in much better agreement with experimental data than obtained

by Raoult's law.

Table 4.31 presents VLE calculation résults for the
binary systems containing vérious alcohols and aromatics. It
is seen that VLE calculations by UNIQUAC give an average
absolute mean deviation of 0.0309 in y;s. This is an acceptable.
error. In the case of calculations by UNIFAC, average absolute
mean of 0.0205 in y;s is obtained. This is slightly better
than that obtained by UNIQUAC. Largest errors afe encountered
in dew pressure calculations. The temperatures and pressures

predicted both by UNIFAC and UNIQUAC are quite acceptable.

In Table 4.33, one observes that the VLE predictions
for alkane-alcohol systems by UNIQUAC and UNIFAC, range from

good to moderate.

Table 4.32 shows that the VLE predictions for the binary
systems containing alkanes and aromatics yield qﬁite low
absolute mean deviations. These are the smallest absolute
mean deviations obtained among all sysfems studied in this

- work.
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In Tables, 4.34 and 4.35, VLE predictions are given for
alcohdl—water and ketone-alcohol binary systems, respectively.
The-absoiute mean deviations in compositions and in teméerature

exhibit moderate errors for both of UNIQUAC and UNIFAC. Only
rfor methanol-2-butanone system, large deviations are observed

when UNIQUAC is used.

The VLE predictions fbr ternary syétems run in this work,
are tabulated in Table 4.36. The results of some of these
systems are given in previous tables point by point. As it is
seén, the VLE predictionsAfor ternary systéms give acceptable
efrdrs,balthough not as good as binary systems. But, for
water-formic acid-acetic acid system the predictions are not
too good, especially when UNIFAC isiused. In this case, results
obtained by UNIFAC are comparable to those obtained by Raoult's

law.

Tables 4.37-4.39 give VLE predictions for ethanol-water,
acetone-water, énd methanol-water éystems at various pressures.
It can be seen that although the errors slightly increase with
increase in pressure, they are in the acceptable limits. At
low pressures, the fugacity coefficient does not go below 0.95.
It is mostly around 0.98 or very close to unity. So, at low
preésureé, vapor phase can be assumed to be ideal. Butrat
higher pressures, higher vapor phase nonidéaiities are obtained
and thus, uée Qf Peng—-Robinson equation in VLE'calculations,'

is justified.
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In Tables 4.40 and 4.43, bubbleT results for acetone;water
and ethanol-water binaries are given for quite'hrﬁ1pmessurés£ﬁnce
the pressures aré high, fugacity coefficients take on values
of 0.81 or above. In order to show the infiuénce of pressure
and thus of fugacity.éoefficients, in Tables . 4.44 and 4.45,
the absolute mean deviations for methanol-water and acetone-water
binary systems at various pressures, are compared with those
: vaiues obtained by using ideal gas assumption. The last column
presents the difference in absolute mean deviations obtained
by Peng—Rbbinson equation and ideal gas equation;

‘In this study, the aim was to deveiop‘a computer program
to do VLE calculations for multicomponent systems and then to
search for the applicability of UNIFAC and UNIQUAC egquations
_for various systems with available expefimental data.Compari-
sion of all resﬁlﬁs show that bubble point predictions ére
better than dew point predictions. Dew P predictiohs are not

as good as the others.

Finally, it can be said that the VLE predictions for
the systems studied in fhis work containing condensable com-
ponents, generally show good agreement with experimental data
except for a few systems. Although agreement between the
results prediéted by UNIFAC and UNIQUAC are observed in general

UNIQUAC gives better results for ternary systems studied.

Even though the influence of vapor phase nonideality is

not much at low pressure, it must be considered for accurate
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design calculations in the case of pressures above a few

atmospheres.

Unfortunately} the results for the systems containing
noncondensable components are not encoﬁraging. In Tables 4.46
and 4.47, the predictions are presented for two binary systems,
where one of fhe components is noncondensable. The predictions
nitrogen-n-butane system shows that as the composition of
noncondensable component in liquid phasé goes to zero, the
deviations in composition and in pressure becomes very small.
This is expected because the equations used here are for
noncondensable components at infinite dilution. Predictions of
hydrogen—-n-hexane system are quite good for vapor-phase com-
position but not for pressures. Thus, for systems containing
noncondensables; the results are not as good as those obtained

for systems containing only condensables.



TABLE 4.1. Bubble T Results for' i-Propanol(1)-2,2,4
_ Trimethyl Pentane(2) System Using UNIQUAC(15).

_ PRESSURE=  1.000 ATM

GIVEN CALCULATED
DATA CoOMP X YE TE T GAMA FHI Y

(A A2 E2 2SR TR a2 2222 R RS2 R R 22X 222222t 2 22 ]

1 1 - .0290 1770 366.65 365.87 4.3765 2670 <1864

2 9710  .8230 1.0016 9522 « 8136

2 1 «0580 ,2930 362455 361.79 3.9934 « 9652 « 2939

) 2. 49620 .7070 1.0065 «9508 « 7061

3 1 « 1210 44350 356475 356.83 342779 «9631 <4187

2 «3790 <5650 : 1.0277 «9491 » 5813

4 1 «2300 ,5260 353.35 353.17 244361 «9616 5141

. 2 « 7700 L4740 . 1.0960 «9473 « 4859

5 1 »3310 45550 352,25 351.72 1.9495 «9609 #5595

: 2 «6690 L4450 1.1959 «9473 <4405

6 1 23905 L5733 351.75 351.23 1.7430 «9607 5789

2 «6095 L4270 o 1.2740 «9471 .4211

7 1 «35170 6020 350,95 -350.65 1.4278 «9604 «6134

2 #4330 ,3930 1.5036 «9470 3866

1 «6130 46300 350,75 350446 1.2644 «9603 6394

2 «3870 L3700 ’ 1.7608 «9469 « 3606

1 «6765 46545 350.45 350445 1.1820 «9603 «6594

. L2 «3235 L3455 1.9900 <9470 3406

10 1 «3000 .,7200 351.25 350.85 1. 0634 «9605 « 7160

2 +2000 ,2800 246513 «9473 « 2840

11 1 «8780 L7800 351.55 351467 1.0250 «9608 « 7789

2 »1220 .2200 3.2993 «9479 - .2211

12 1 «9575 +8950 353435 353458 1.0029 - «9618 « 8951

2 »0625 41050 64,2377 «9495 1049

ERROR ON Y(1)= A3SCYC1)=YEC1))/DATA POINTS=  ,0067

ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= 35

- U - - - - - - - - - s - - P S e = S D e D D A D S T

TABLE 4.2. Bubble T Results for i-Propanol(1)-2,2,4
. Trimethyl Pentane(2) System Using UNIFAC(15).

PRESSURE= 1.300 ATH

GIVEN CALCULATED
DATA COMP X YE TE T GAMA FHI Y _
(& 2222 X2 Rl a SRRl SRl Rl Rl et Rl Rl Rttt Rd R s X2
1 1 .0290 .1770 366,65 360.72 8.38M «9648 «2966
. 2 «9710 .8230 1.0033 «9504 « 7034
2 1 »0580 .2930 362455 355.44 7.0768 - «9626 « 6111
2 «9420 L7070 1.0128 « 9485 3889
3 1 1210 .4350 356475 350.86 4.9791 «9606 « 5043
2 «8790 L5650 ) 1.0510 a9463 .4952
6 1 .2300 L5260 353435 348,79 3.1005 «9597 5502
2 «7700 L4740 1.1633 = 9450 «4498
5 1 «3310 45550 352425 348432 2.2500 «9595 «5638
. 2 «66903 L4450 1.3180 «9459 <4362
6 1 «3905 45730 351,75 348.19 1.9336 «9594 «5688
2 «6J95 L4270 1.4358 «94538 4312
7 1 «5170 6020 350,95 348,04 1.4934 «9594 »5800
2 4830 .3930 1.7736 «94538 4200
3 1 «6130 6300 350,75 348.01 1.2957 «9593 .5940
2 3870 3700 C 241619 «9458 . 4060
9 1 ab6765 L6545 350.45 343,09 1.1995 «9594 « 6037
2 «3235 3455 ’ 2.,4632 «9459 3913
10 1 «3000 .7200 351425 348,78 1.0738 «9596 « 6626
2 «2000 .2800 " 343619 29463 3374
11 1 «8730 .7800 351455 3J50.02 - - 1.0275 «9.601 « 7314
: 2 «1220 .2200 4.2192 L9470 «2686
12 1 *e9575 48950 . 353,35 352.77 1.0034 «9614 - 8680
2 «0425 L1050 54632 « 9489 «1320

ERROR ON Y(1)= ABS(Y(1)=YE(1))/DATA POINTS= « 04385

ERROR ON TEMPERATURE= ABS(T-=TE)/DATA POINTS= 3,63

. D P - - S =D W D WD M S P D = R S D W D v W AR =P D 4R D M aA S . = e - - -

et
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TABLE 4.3. DewT'Results for i-Propanol(l)-2,2,4 Trimethyl
.Pentane(2) System Using UNIQUAC(15).

JPRESSURE= 1,000 ATM

GIVEN CALCULATED

DATA COMP Y XE TE T GAMA FHI X
(AR RA 2R 2RIt disl il LR 2R R ARSI AR X222 X2l X2 2 S )
1 1 <1770 .0290 366465 366422 4,4026 « 9671 0270

2 «8230 .9710 1.0014 29523 9730
2 1 «2930 .0580 362455 361,83 3.9911 «9653 0578
2 « 7070 29420 1.0065 «9508 . 9422
3 1 «46350 L1210 356475 356.18. 3.1490 «9629 1341
2 #3650 48790 1.0340 «9488 « 8659
4 1 «5260 .2300 353.35 352476 2.3000 «9614 «2533
2 «4740 7700 1.1165 9476 L7667
] 1 #3550 43310 . 352.25 351.85 1.9882 «9610 »32C4
. 2 <4450 46690 1.1845 « 9473 «6796
6 1 - 5730 - 3905 351475 -351.37 - 1,7948 «9608 « 3733
2 «4270 46095 . 1.2511 «9472 e 6267
7 1 «6020 L5170 350.95 350.80 1.5128 «9605 « 4760
2  +3980 .4830 : 1.4201 «9470 25240
3 1 «6300 .6130 350.75 350.590. 1.3227 «9604 5766
2 +3700 ,3870 1.6434 «7469 4236
? 1 26545 46765 350445 350.44 1.2036 «%603 6596
-2 « 3455 #3235 1.913¢8 9470 3404
10 1 «7200 . 3000 351.25 350.39 1.0651 +»9605 » 8055
2 +2800 .2000 . 2. 6842 9474 1945
1 1 .7300. .8780 351455 351.69 1.0250 «9608 . 8787
: 2 «2200 .1220 3.2995 « 9479 «1213
12 1 «8950 L9575 353435 353.53 1.0029 «9618 « 9574
2 «1053 0425 4Le2366 «9495 0626
ERROR ON X (1)= ABS(X(1)~XE(1))/DATA POINTS= 0139

ERROR.ON T= ABSCTE~T)/DATA POINTS= .35

TABLE 4..4. Dew T results for i-Propanol(l)-2,2,4 Trimethyl
Pentane (2) System Using UNIFAC(15).

PRESSURE= 1,000 ATH

GIVEN CALCULATED
DATA COMP Y XE TE T GAMA FHI1 X
(822 222228222 Rd R Al XA R iR ol slsss Al i Al st st al RS2 R R 2R R 2 2]
1 1 «1770 .0290 366465 365474 - 9.03816 «9669 «0133
2 «8230 .9710 1.0007 »9521 9867
2 1 «2930 L0530 362455 360.88 8,3996 9649 .0284
2 «7070 9420 1.0032 «9505 29716
3 1 «4350 ,1210 356475 354429 6.6236 «9621 .0685
2 «5653 .8790 1.0178 «94621 «9315
4 1 «5260 42300 353435 349.35 4,1710 «92602 1567
2 4740 L7700 i 1.0825 9464 « 8433
3 1 3550 +3310 352.35 348460 2. 7317 9596 «2653
2 «4650 46690 . 1.2132 «9460 . 7347
5 1 «5730 3905  351.75 348,12 1.6629 «9594 . 4589
2 « 4270 46095 . 1.605¢4 «9458 ETA R
7 1 «6020° 5170 350.95 348,04 1.2450 «9594 «64538
2 3980 L4830 2.2914 «9453 e 3542
8 1 «6300 +6130 350.75 348431 1.1311 «9594 « 7360
2 «3700 3870 2,8348 29460 . 2640
7 1 26545 46765 350445 343465 1.0857 «9596 « 7856
2 #3655 43235 3,2246 9462 « 2144
13 1 «7200 L8000 351.25 349,80 1.0328 «9601 5674
2 «2800 L2000 4,0750 «9469  .1326
11 1 «7300 .8730 351455 350.99 1.0141 +9606 «9131
2 2200 41220 . . 4.7099 «9476 0869
12 1 28950 L9575 353.35 353.32 1.0019 «9617 9679
2

«1050 L0425 . 5.6702 9494 .0321
ERROR ON X(1)= ABS (X(1)=XE(1)) /DATA POINTS= «06491

ERROR' ON T= ABSC(TE~T)/DATA POINTS= 2,08




TABLE 4.5. Bubble P Results for 2,2,4 Trimethyl Pentane(l)
' ~.Toluene - (2) System Using UNIQUAC(15).

TEMPERATURE= 373,15 K

DATA CoMP X

A
2
3

1

[ R SN E S Rl A R AV S AV P\

GIVEN CALCULATED
YE PE P . GAMA FHI Y
22222421 R 2RI RS2SRRSR SRR R2 22T X2 X2 222 R 2R 22 R R 2222 222 R

.1000 1700 795 785 1.2035 09649 « 1543
«9J00 L8300 ) 1.0041 «9728 - 8452
2000 . .2999 « 347 =826 1.1356 ‘«9629 2781
».8000 7001 1. 0143 «9714 «7219
3300 L4049 «889 «861 1.0889 «9613 « 3846
»7000 L5951 1.0284 «9703 «6154
<4000 L4945 .922 - 891 1.0566 29599 . 4315
6000 ,5055 : 1.0451 «9693 «5185
5000 L5754 «949 2913 1.0344 «9588 «57238
«5000 L6246 ‘ ' 1.0633 «9686 a 4272
«600) 5437 « 949 942 1.0194 «95727 « 6608
«4000 .3563 1.0823 «9679 - #3392
«7003 L7319 «935 «954 1.0097 29569 o T669
«3000 .2681 1.1016 «9674 2531
.3000 8201 «998 . 984 1.0039 « 9564 8318
«2000 L1799 1.1209 «9672 -1682
«9000 ,9102 1.010 1.001 1.0009 «9569 «9160
»1000 ,0898 1.1398 29676 «0840
ERROR ON Y(1)= A3SCYE(1)=Y(1)/DATA POINTS=  .0136

ERROR ON P= ABS(PE-P)/DATA POINTS= .022

TABLE 4.6. Bubble P Results for 2,2,4 Trimethyl Pentane(l)

- Toluéne

TEMPERATURE= 373.15 K

DATA COM> X

1
2
3

GIVEN CALCULATED
YE PE P GAMA - FHI Y
kil b i biddhd ’it'*'*t*******t*i kbt hhbr b

.1000 1700 #7795 «307 1.4078 «9639 «1763
«9000 ,8300 1. 0056 «9720 « 3237
«2000 L2999 347 «863 1.2895 «9613 «3030
.3000 L7001 ' 1.0212° «9701 « 6970
«3000 L4049 «839 « 935 1.2011 «9593 .4042
#7000 L5951 1.0455 «9688 +»5958
«4000 L4945 922 «939 1.1352 «9578 <4919
«6000 L5055 1.0777 «9677 « 5081
«3000 .5754 949 «966 1.0866 «9566 «5730
«5000 L4246 . 1.1169 9669 « 4270
6000  .6437 =967 « 987 1.051s «9557 «6518
«4000. ,3563 1.1625 « 92664 3682
7000 L7319 «935 1.003 1.0270 «9551 7315
3000 .2631 1.21462 <9661 « 2683
.3000 © .3201 992 1.013 1.0113 «9550 * L3145
«2000 .1799 1.2717 9861 «1855
.9000 .9102 1.010 1.019 - 1.0027 9558 «9032
«1000 ‘- .0898 143346 «9668 0968
ERROR ON Y(1)= ABS(YE(1)=-Y(1)/DATA POINTS= 0740

ERROR ON P= ABS(PE=P) /DATA POINTS= <015

1

2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
4

(2) System Using UNIFAC(15).
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TABLE 4.7. Dew P Results for 2,2,4 Trimethyl Pentane(l)-
Toluene(2) System Using UNIQUAC(15).- .

TEMPERATURE= 373.15 K

GIVEN . . CALCULATED

DATA COMP Y xXg PE . P GAMA FHI X
22223 X2 R PR 2T R R LR R R YRS RSN EL LRI RS TR LR IR R FA X LRSS RSN E 2
1 1 .1700 L1000 2795 2789 1.1944 09647 - L1114
2 .83300 .9000 1.0050 .9726 .888%
2 1 . 42999 L2000 847 « 833 1.1250 £9626 .2196
2 .7001 ,B00O 1.0168 .9712 .7804
31 L4049 3000 .389 .867 1.0813 29610 . 3204
2 «3951 7000 - 1,0317 «9701 » 6796
6 1 .4945 L4000 w922 «874 1.0529 .9598 .4140
2 .5055 46000 1,0476 «9692 «5860
5 1 .5754 45000 .949 .918 1.0339 .9587 $5029
2 L4246 L5000 ' 1.0639 .9686 .4971
5 1 .6437 L6000 4969 .937 1.0219 .9579 .5804
2 .3563 4000 1.0786 .9681 S 4196
7 1 .7319 .7000 .985 . 960 1.0111 L9571 +6825
2 .2681 3000 1.0982 2675 L3175
8 1. .8201 .8000 .998 . 981 1.0045 <9565 .7862
2 J1799 L2000 1.1182 9672 «2138
9 1 .9102 .9000 1.010 1.000 1.0010 29568 .8931
2 .0898 .1000 1,1385 «9675 . 1069

ERkOR ON X(1)= ABS(XE(1)=X(1))/DATA POINTS= .0140
* ERROR JIN PRESSJRE= A3S(PE=P)/DATA POINTS= .021

- - - - - - - - - n P - - - -

TABLE 4.8. Dew P Results for 2,2,4 Trimethyl Pentane(l)-

Toluene(2) System Using UNIFAC(15).

TEMPERATURE= 373,15 K

GIVEN ] CALCULATED
DATA cCOMP Y XE PE P GAMA FHI X
[Z2 2232 R R 22T R 2222222 22222l Rl 222l 22 R2al Rl Rl st s ]
1 1 .1700 ,1000 «795 <789 . 1.2213 «9647 «~1088
, 2 3300 ,9000 1.0014 9726 .8912
2 1 «2999- L2000 © e B47 «836 1.1932 9625 .20738
2 .7001 .8030 1.0059 «9710 » 7922
3 1 «4049 L3000 «339 «877 1.1662 «9606 « 3004
2 «5951 7000 1.01338 «9697 « 6996
4 1 6945 L4030 «922 «913 1.1395 «9590 « 3900
2 3055 6000 1.0263 «9686 .6100
5 1 «5754, .5000 «949 . 944 1. 1126 «9576 4301
2 4246 L5000 1. 0455 «9677 «5199
6 1 6437 .6000 969 970 1.0880 «9565 - ¢35633
2 3563 . 4000 1.0714 «9669 «46367
7 1 « 7319 7000 «985 »9938 1.0555 9553 « 6786
4 «2531 23000 1.1266 «9662 3216
3 1 «3291 - .8033 «998 1.018 1. 0263 «9348 7970
2 L1799 ,2000 1.2206 «9660 -+ .2030
9 1 «9102 49000 1.010 1.025 ~  1.0063 #9557 9092
2 0898 1000 1.3716 «9667 . 0903

ERROR ON X(1)= ABSCXE(1)=X(1))/DATA POINTS=  .0130

ERROR ON PRESSURE= ABS(PE~P)/DATA POINTS= 010




TABLE 4.9. Bubble T Results for n—Hexane(l)—Ethanol(Z)
' System Using UNIQUAC (15)

PRESSURE= 1,000 ATM

GIVEN ' - " CALCULATED
DATA COMP X YE -TE T GAMA FHI Y
(RS2 2R SR s tA Sl Rl ad Rttt Rlll] f*fi-i*'*f* (2243282222222 2]
1 1 «0930 .4740 333.21 33763 5.7808 «9586 L4717
) 2 «9070 ,5260 1.0239 "e9767 » 35283
2 1 «1893 ,5900 334,16 333.75 3. 8995 «9571 »5752
2 «8102 .4100 1.0904 «9763 »4243
3 1 «2965 46140 332489 332.24 2.8110 -9566 «6172
2 « 7335 L3860 ' 1.2098 «9762 «3828
b 1 «3385 46350 332,17  -331.70 2, 2474 «9554 «6353
2 «6115  ,3650 ’ 123537 «9761 « 3647
5 1 « 4999 L6450 331.33 331.39 1.8019 «9562 . 6490
2 5001 L3540 . 1.6208 «9762 «3510
6 1 «3983 L6570 331.67 331.23 1.5317 «9562 6584
2 «4012 . ,3430 1.9764 «9762 #3616
7 1 «6930 6710 331.54 331.26 1. 3417 «9562 . 6671
2 «3070 3290 . 2.5191 «3762 «3329
8 1 «8021 .6760 ‘331.63 331.39 1.1765 «9563 « 6799
2 L1979 3260 3.7363 «9763 « 3201
9 1 «9034 L7150 332.56 332.04 1.0575 «9565 « 7063
2 «0916 42850 ) 7.1338 «9766 «2932

ERROR ON Y(1)= A3S(Y(1)=YE(1))/DATA POINTS= 00456

ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= 45

TABLE 4.10. Bubble T Results for n—Hexéne(l)—Ethanol(Z)
Svstem Using UNIFAC(15)

"PRESSURE= 1.000 ATM

+

GIVEN - CALCULATED
DATA COMP X YE TE . T GAMA FHI Y
(2223228 s RIS RERSLEL SR RAL LRSSl lsRlEsRsRle RS2l SsRl 22 2R 2]
1 1 «0930 L4740 333.21 339.38 5.0510 - 9593 « L350
2 «9070 5260 1. 0164 «9769 «5650
2 1 «1893 .5900 334,16 334,50 3.7728 «9574 - 5700
2 . <8102 L4100 1.0680 «9764 «4300
3 1 22965 ,6140 332,39 332.38 2, 8450 «9566 » 5274
2 «7335 3860 . 1.1709 29763 «3726
4 1 +33835 46350 332.17 331.67 2,2935 «9563 6491
2 « 6115 43650 . 1.309¢4 «9762 « 3509
5 1 « 4999  .6450 331.83 - 331.38 1.3338 «9562 « 65603
2 «5001 . 23540 . 145697 «9762 « 3397
6 1 #5988 +6570 331.67 331.3¢4 1.5405 «9562 « 6634
2 4012 43430 1.9426 «9762 «3366
7 1 «6933 L6710 331.54 331.34 1.3327 «9562 L6642
2 »3070 L3290 2.5332 «9762 © «3358
8 1 #8021 L6750 331.68 331,39 = 1.1566 «9563 . 6634
2 «1979  ,3240 - 3.8710 «9763 3316
? 1 +9384 L7150 332.5% 332.25 1.06138 «9566 -« 7009
2 »0916 42850 7. 2616 « 9767 297

ERROR ON Y(1)= ABS(Y(1)-YEC1))/DATA POINTS= « 0151

ERROR «ON TEMPERATURE= ABS(T=TE)/DATA POINTS= = .46
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TABLE 4.11. Pew T Results for n-Hexane(l)-RBenzene(2)
System Using UNIQUAC(15)

PRESSURE= 1.000 ATM
GIVEN . v CALCULATED

JATA COMP Y XE CoTE T GAMA - FHI X
I 22223 2R RIEIELI SIS RIAIAF R AR TSI IR R RIS RZIEZ SRR EEEERT ¥
1+ 1 .1400 .0730 350,75 350,71 1.4596 9623 L0764 .

"2 .8500 L9270 : 1.0030 . .9707 .9256

2 1 .2680 1720  368.25 348.43 1.3644 .9615 1643

2 ,7320 L8280 . 1.0144 .9703 L8352

3 1 3760 42630  346.55 346,63 1.2633 .9609 .2621

: 27 L6240 L7320 ; 1.0351 ~ .9700 L7379

6 1 J4500 43720 345,15  345.37 1.1793 .9605 .3521

2 L5400 .6280 1.0617 .9698 $6479

5 1 .5400 .462) 364,05 344431 1.1223 .9601 L4480

2 .4600 .5380 - : 1,0976 .9697 .5520

5 1 .6440 L5850  343.15 343.22 . 1.0652 . .9598 L5814

2 .3560 L4150 1.1602 .9696 L4186

7 1 .7250 L,6920  342.55 342.6D 1.0348 .9597 L6863

2 .,2750 L3080 _ 1.2201 .9697 L3137

8 1 .8070 .7920 362.25 342.19 1,0151 «9599 .7835

2 L1930 .2080 1,2877 29699 .2115

9 1 .8380 .8280 342,15 342,09 1.0101 .9600 .8255

2 .1620 .1720 1.3145 .9700 L1745

12 1 .8880 .8830 342,05 341.99 1,0045 «9605 .8823

S22 J1120 .1170 : 1.3535 L9704 L1172

11 1 - .9500 L9470  341.95  342.00 1.0008 .9626 09697

2 .0500 .0530 1.4136 .9720 .0503

12 1 .9640 .9620 341.95 342,05 1.0006 . 9641 $9641

2 .0360 .0330 1.4260 <9730 .0359

%RROR ON X(1)= ABS(X(1)=XEC1))/DATA POINTS= .00357

ERROR ON T= ABS(TE~T)/DATA POINTS= » 10

r

UABLE 4.12. DewT Results for n-Hexane(l)-Benzene (2)
System Using UNIFAC(15) |

PRESSURE= 1,000 ATYH
GIVEN CALCULATED
DATA COMP Y XE TE T GAMA FHI X
[Z2ZZEEZ PRI ESELESRIESR SRS RS LS R R AL RIS R8RSRl Rl Rt s g
1 1 14003 ,0730 350,75 350.646 1.6076 9622 «0680
2 .3500 .9270 1.0037 .9707 ©  .9320
2 1 L2680 L1720 343,25 347.98 . 1.4344 9614 «1565
2 .7320 L8280 : 1.0185 -  .9702 « 8435
30 1 .3760 L2680 346.55 346,07 1.2933 9607 .2572
2 L6240 L7320 1.0468 .9693 7428
6 1 4600 23720  365.15 344,77 1.1983 «9603 «3526
2 5400 L6230 1.0828 «9696 W 6474
5 1 L5400 L6620 344,05  343.75 1.4265 <9599 . 4533
: 2 «4600 ,5380 1.1293 9695 «5462
6 1 6440 L5850 343,15 342.77 1.0622 9597 <5909
2 3560 4150 1.2044 «9695 « 4091
7 1 .7250 .6920 342,55  342.27 1.0315 .95%6 . 6953
2 42750 .3089 1.2698 «9696 « 3047
3 .3070 L7720 342,25 341.78 1.0132 «9593 « 7951
2 .1933° ,2080 ' : 1.3332 «96938 . 2049
9 1 .8383. ,8280 342,15 341,92 1.0087" .9600 . 2309
2 .1620 1720 : v 1.3640 .9700 1591
13 1 .388) ,.8830 342.05 341.88 1.0038 .9605 .8863
2 L1120 1170 1.4052 £9704 L1137
11 1 49500 .9470 341,95 341,96 1.0007 «9626 «9510
2  ,0500 .053C © . 14551 .9720C . 0490
12 1 9640 49620 361,95 342,02 1.0003 9661 <9650
2 .0360 L0330 1. 4661 «9730 .0350
ERROR ON X(1)= ABS(X(1)=XE(1))/DATA POINTS= ,007C

ERROR ON T= ABS(TE-T)/DATA‘POINTS= «26




TABLE :4.13. Bubble T Results for nrHexane(l)—Tbluene(Z)
System Using UNIQUAC(15)

PRESSURE=1, ATM

DATA COMP

1
2
3

1

B A TN =2 1 b R wd N = 1N =l b N b R = T =s (=8 N =b (D= [~ P

GIVEN.

. CALCULATED
X YE TE T GAMA FHI Y
(222222 X222l R 222222 2 R R 2R RS2 22 R X2 2222 R 2222 22 R R RS2 28 2R TN 2
.1000 .3100 374,10 374,29 1.3130 9681 .3098
«9000 L6920 1.0026" «9656 .6902
1963 L6840  367.55 367.53 1.2517 «9665 L4922
8040 L5150 1.0103 «9639 .5078
22540 o,5630 364,00 364.21 1.2189 9657 .5718
7660 L4370 C1.0176 «9631 .4282
«352) L6640 359,50 359.52 1.1694 9666 . 6739
65480 .3360 : 1.0352 9619 «3261
23920 L6970  358.50  357.88 1.1511 9661 «7074
6083 3030 : 1.0445 +9615 2926
« 4430 L7420  355.65 355.96 1.1291 <9637 L7450
.5570 ,2580 : 1.0584 «9610 .2550
«5080 L7770 354,15 353.75 1.1035 . .9632 «7865
4920 ,2230 1.0800 «9605 «2135
«5790 .8220 351.65  351.61 1.0783 .9627 . 8255
24210 L1730 . 1.1093 9600 <1745
6050 ,3320 350.95 350.87 1.0699 9625 .8385
«3950 L.1630 1.1218 .9598 1615
<6400 L8480 349,90 349,93 1.0591 «9624 «8552
3600 .1520 1.1403 9596 L1648
7070 L8800 348,00 348.25 1. 0407 9621 .8848
»2930. .1200 1.1817 9593 . L1152
7300 L8900 347.35 347.70 1.0350 9621 . 8944
<2700 .1100 1.1930 9592 . 1056
#7700 L,9070  346.65 346.78 1. 0261 »9620 9107
»2300 0930 1.2292 .9592 .0893
8130 9270  345.40 345,84 1.0177 «9521 9276
1870  ,0730 1.2675 «9592 0724
3690 ,9480 344,30 344.67 1.0091 9627 9692
«1310  .0520 . 1.3258 9596 .0508
ERROR ON Y(1)= ABS(Y(1)=-YE(1))/DATA POINTS=  .0055
ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= .23

TABLE 4.14.Bubble T Results for n—-Hexane (1) -Toluene (2)

System Using UNIFAC(15)

PPESSUEE=1.ATM

DATA CoMP

1
2

3

13
1"
12

13

14
15

I B I s b U b [N b 1 b U b ) = () = R = A b N b ) —A R A P e

GIVEN CALCULATED
X YE ‘TE T GAwA FHI Y
F2 2223 X2 22222 R RIS RIAZARRAR 2R RS2 REIZZTEIEZESAIEZEZALIELI SRS EE]
1000 L3100 374,10 373.60 1.3895 .9680 .3226
9300 L4900 1.0041 «9654 6774
£1960  ,6840  367.55 366.70 1.3037 «9663 5022
« 3040 ,5150 1.0160 9637 4978
«2540 5630 354,00 363,642 1.2579 «9655 5734
o 7660 L4370 1.0271 «9629 L4216
«3520 L6640 359,50 358,90 1.1906 9644 L6750
#6480 3360 1.0530 9617 «3253
#3920 L6970  358.50 357.33 1.1665 «9640 <7065
»6080 L3030 1.0663 «9613 «2935
o 6430 L7420  355.65  355.51 1.1384 «9635 7422
«5570 ..2580 1.0858 »9609 .2578
25080 L7770 354,15 353,43 1. 1069 «9631 «7820
4920 L2230 1.1147 °9604 «2130
«5790 .8220  351.65  351.39 1.0775 «9626 .8201
.6210 L1730 : 1.1521 «9599 <1799
<6050 ,B8320 ° 350.95 350,70 1.0680 .9625 «3330
«3950 .16890 1.1674 .9597 .1670
L6600 L3480 © 349.90 349.80 1.0563 .962:3 . 8496
23600 L1520 _ 1.1894  .9595  .1504
7070 .8830 © 348,00 348.17 1.0370 «9620 .3798
22930 ,1200 1.2366 «9592 1202
7300 .B93Q0 347,35 347.64 1.0314 . 9620 . 3397
2703 ,1100 1.2544 «9592 1103
«7700 L9070  346.65 346.74 1.0227 «9620C «9066
2300 L0930 1.2874 «9591 . 0934
«8130 ,9270 - 345.43  345.81 1.0150 9621 . 9244
«1870- .0730 1.3260 «9591 .0756
«8590  ,9480 344,30 344,64 1.0074 $9625 L9471
1310 ,0520 . 1.3815 «9595 .0529
ERROR ON Y(1)= ABS(Y(1)=YE(1))/DATA POINTS= ,0054
ON TEMPERATURE= ABS(T=TE) /DATA POINTS= b3

.;ERROR

55



56

TABLE 4.15. Bubble P Results for Benzene(1l)-i-Propanol (2)
| System Using UNIQUAC (15)

TEMPERATURE= 298415 K

GIVEN " CALCULATED
DATA COMP X YE PE [ GAMA Y FHI
T R R T Ry R e Ry L TR Y]
1 1 «0760 43650 - «087 « 086 3.1625 «3517 «7963
2 29240 46350 1.0057 «6483 « 9940
2 1 «1640 45300 «111 .« 107 2.6908 «5184 9953
2 «8360 L4700 . 1.0282 «4816 9926
3 1 «3000 46350 @ 131 127 2.1295 6341 « 9945
2 «7000 43650 1.1039 «3659 « 9913
4 1 <4790  .7120 «139 «139 . 1.6227 «7039 9939
2 «5210 2880 143149 «2961 «9905
5 1 +6380 L7450 «143 «143 13233 7412 «9937
2 «3620 42550 . 1.7063 «2588 9902
6 1 «8540 47950 «143 « 144 1.,0705 «8003 «9937
2 «1660 .2050 ) 3.2741 «1997 «9903
7 1 9613 8700 «138 »139 1.0146 «8647 « 9940
: 2. ' .0590 41300 5.3074 «1353 «9907
ERROR ON Y(1)= ABS(YE(1)=Y(1)/DATA POINTS= 0069
ERROR ON P= ABS(PE=P) /DATA POINTS= .002

_TABLE 4.16. Bubble P Results for Benzene(l)—i—Propanél(?)
' System Using UNIFAC(15)

TEMPERATURE= 298.15 K

GIVEN : CALCULATED
DATA COMP X YE PE p GAMA Y Ful

IR 2222 2R RS R IR 22X R R AR RL AL RSN RSRSESR RS RSRFETEZR IR R X B

1 1 «0760 .3650 .087 «086 3.1465 « 3507 « 9963

2 L9240 6350 1.0053 «6493 .9940

2 1 «1660 5300 111 107 2.7087  .5206 . 9953

2 L8360 L4700 1.0262 4794 .9926

3 1 «3000 46350 «131 «128 2,1708 «6398 . .9944

2 «7000 43650 . 1.0977 «3602 «9912

4 1 L4790 L7120 «139 L 141 1.6582 .7098 . 9938

2 L5210 - .2830 1.3062 - ,2902 . 9904

5 1 .6380 L7450 .143 o165 1.3408 .7428 . 9937

2 43620 42550 : 1.7146 .2572 . 9901

6 1 48540 L7950 «143 . 145 1.0700 «7929 . 9937

20 T a1660 .2050 © o 3.4264 .2071 . 9902

7 1 .9610 .8700 .138 £140 1.0136 . 8589  .9939

2 40590 .1300 . 5.5650 <1411 - L9906

"ERROR ON Y(1)= ADSCYE(1)=Y(1)/DATA POINTS= <0066

ERROR ON P= ABS (PE~P) /DATA POINTS= "« 002
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TABLE 4.17.Bubble T Results for Methanol (1)-2=Butanoné(2)
System Using UNIQUAC(15)

PRESSURE= 1.000 ATHM

GIVEN . CALCULATED

DATA COMP X YE TE T GAMA FHI Y
(R X222 82282 R s s Rl 2R IR PR LR L IR FETRINITIEIETE R
1 1 =0760 .1930 3438445 343.96 . 3.0176 - «9845 «2905
2 »9240 ,8070 o 1.0130 «9663 7095
2 1 « 1470 .3080 .345.35 340473 2.3763 9836 3923
2 «8530 46920 - . 1.04646 «9657 « 6077
3 1 «1970 3770 343,85 339445 2,0658 «9833 4355
. 2 +8030 ,6230 . 1.0759 «9654 e 36L5
4 1 2650 - L4530 341,95 338.31 1.7620 «9330 «4783
. 2 «7350 L5470 1.1289 «9652 «5217
5 1 #3560 45280 340.65 337.33 1. 4897 «9827 »5231
2 «6640 L4720 1.2175 «9651 24769
6 1 « 4980 L6220 339.05 336441 1.2375 «9323 »5868
2 .5020 .3730 : 13965 29651 4132
7 1 26220 L6950 338425 336.01 1.1136 «9821 - L6494
2 «3780 L3050 1.5957 «3653 «3506
- 1 « 7470 - 7770 337.55 336.00 1. 0429 «9820 .7300
2 #2530 42230 1.3377 « 2657 «2700
9 1 . .8290 .8320 337,45 336425 1.0172 «9319 « 7982
2 «1710 1680 R 2.0156 «9662 .2018
10 1 «8610 .8420 337.45 - 336431 1.0146 «9319 » 3095
2 21590 41580 " 2.0424 «9663 «1905
11 1 « 8730 .8690 337.45 336e49 1.0038 «9820 8415
2 L1270 L1310 o 2.1146 «9666 1535
12 1 «9360 L9260 337455 336.99 1.0019 «9821 « 9134
2 0640 ,0740 : 2.2556 9674 0866

ERROR ON.Y(1)= A3SCY(1)-YE(1))/DATA POINTS= » 0420

ERROR ON TEMPERATURE= ABS(T-=TE) /DATA POINTS= 2,56

TABLE 4.18. Bubble T Results for Methanol (1) -2-Butanone(2)
System Using UNIFAC (15)

PRESSURE= 1,000 ATM

GIVEN CALCULATED
DATA Comp X YE TE T GAMA FHL Y
I ZE2Z 2222 ELRZELETETETIELILIZASCEZELIE XIS IESETRZALIRS R IR 22 A2 R R RS LSRR SR
1 1 «0760 L1930 348,45 348.31 1.7110 . .9856 1929
2 «9240 L8070 ’ 1.0032 ° L9673 . 3071
2 1 <1670 3080 345,35, 345.42 1.5975 9846 «3139
2 8530 .6920 1.0125 9667 6861
301 1970 L3770 343,85 343.88 - 1.5241 93861 3792
2 8030 .6230 1,0229 «9655 . 6203
6 1 «2650 L4530 341,95 342,22 1.6334 .9836 L4513
2 #7350  ,5470 1.0426 «9662 «5687
5 ] «3560 L5280 340,65 340.58 1.3279 «9831 «5232
2 6640 L4720 , 1. 0800 9661 L4718
6 1 4980 .6220 ° 339,05 338.83 1.1966 9326 6242
2  .5020 .3730 1.1688 29660 «3758
7 1 6220 46950 333,25 337.9¢4 1.,1114 9823 «6936
2 .3780 L,3050 1.2853 9661 . 3014
g8 1 L7470 ,7770 337,55 337.38 1.0505 93821 7762
s 2 #2530 L2230 1.4537 9664 .2238
9 1 .8290  .8320  337.45 = 337.23 - 1.023¢L 9821 . 8342
2 L1710 .1680 1. 6023 09667 .1658
10 1 «8610 L,3420 337.45  337.22 1.0203 ,9821 . 8435
2 1590 .1580 1.6273 «9668 L1565
11 1 «8730 48690 337,45 337,23 1.0131 - .9321 « 8695
2 1270 L1310 1.6983 29670 «1305
12 1 «9360 .9260 337.55 337.35 1.0034 9822 . 9277
2 «0640 L0740 i 1.8601 = .9677 .0723

ERROR ON Y(1)= ABS(Y(1)=YE(1))/DATA POINTS= ,.0019

ERROR ON TEMPERATURE= ABS(T=TE) /DATA POINTS= 17 °




TABLE 4, 19. Dew T Results for Ethanol(l)—Water(Z) System

Using UNIQUAC(lS)
PRESSURE= 1,000 ATH '

GLVEN : © CALCULATED

DATA COoMpP Y XE TE T GANA FHI X
.ﬁ"Itl"'*..’I'..'il'.'t't'!’l*t"tﬁﬁ.‘."'f.*.*l R ".l‘ﬁt.-"t'ﬁi"'t'.'i
1 1 «1700 .0130 358,65 368.46 . 5.8592 "a9829 .0189

2 .8300 ,9310 1.0011 «9911 9811

2 1 «3391  .0721 352,15 361.41 3.6071 9312 0745
2 «6109. .9279 1.0163 +9909 29255

3 1 «&375 L0936 359.85 359.69 3.1849  .9809 »1010
o2 5625 .9034 1.0289 «9909 8990

. 1 «4706 .1238 358,45 353.51. 2,8553 9806 1265
2 5296 .8762 1.0437 «9909 8735

5 1 «5339 41661 357.25 357.14 | 2.4227 29303 « 1697
2 «4911 L3339 . 1.0743 «9909 +8303

& 1 «5645 42337 355,85 -355.92 2,007t -.9801 -22293
2 a4555 L7653 ‘ 1.1264 «9909 - L7707

7 1. 45580 .2638 355,45 355469 . 1.8570 . .9300 2582
2 24623 L7392 1.1552 9909 « 74138

3 1 5326 3273 356,65 3564.75 - 1.6158 «9798 «3185
2 ab4176 L6727 1.2226 «9910 « 6313

9 1 a6122 ,39545 353.85 353.99 1.4056 . 9797 - .3959
2 «3373 L6035 -~ 1a3215 «9910 6041

13 1 «8566 L5079 352,95 353.10 1.2203 «9795 «5060
2 3535 L4921 1. 4841 «9911 4940

1" 1 #6599 45193 352,85 353,04 1. 2088 29795 25146
2 «3601 L4802 1.4988 «9911. - 4854

12 1 «6841 ,5732 352,45 352407 1.1529 «9794 a50674
2 «3159  ,4268 ‘ 1.5853 09912 o326
13 1 «7385 ,06763 351.89 352.06 1.0754 29794 «6721.
2 «2615 3237 1.7754 «9914 «3279

16 1 «7315 7472 351.56 351.75 - . 1.0428 9794 « 7425
2 #2185 .2528 1.9129 9916 «2575

15 1 #3943 ,8943 .351,30 351443 1.0064 +93801 «8920
2 1257  .1057 - 2,2362 «9924 «1080

ERROR ON X (1)= ABS (X(1)=XE(1))/DATA POINTS=  .0036

ERROR ON T= ABS(TE=T)}/DATA POINTS= «18

TAPLE 4 20. Dew T Results for Ethanol(l)—Vater(Z) System
Using UNIFAC (15)

PRESSURE=1, ATM :
' GIVEN CALCULATED

JATA COMP v XE TE T GANA FHI X
IR RS RS 2R R Rd 2R 22 2Rl 2Rl Rl 2R dR 2t 2R iRl 222 F)
11 41700 L0190  368.65 363.37 5.9400 .9829 .0155

2 .8300 .9810 - 1,0010 9911 «9845

2 1 L3891 L0721 362.15 361,15 4,1199 29812 .0659
2 .6109 .9279 1.0168 «9909 «9341
3001 L6375 L0966 359,85 359,40 3.5155 «9803 .0925
2 5025 L9034 1.0310 29909 .9075

3 1 <4704 .1238 353,45 358.19 3,0337 «9806 +1204
2 .5296 .B762 1.0495 .9909 .8796

5 1 L5089 L1661 357,25 356481 2.4300 «9303 1712
T2 W4911 .3339 1.0901 .9909 .8283
] 1 «3645 L2337 355,85 355,53 1.9223 «9800 « 2621
2 «4555 L7653 1.1537 «9909 #7579

7 1 «5580 .2603 355,45 355.21 1.7640 - ,9799 «27406
2 ab620 L7392 11941 «9909 « 7254

3 1 «5826. L3273 354,65 354453 1. 54606 9798 «3355
20 W76 L6727 1.2652 «9910 e 6645

9 1 .6122 .3965  353.85 = 353,82 1.3737 «9796 <4078
2 .3878 ,6035 1.3571 «9910 25922

13 1 «6564 45079 352,95 352.97 1.2213 «9795 25081
2 .3636 4921 1.4983 29911 -4919

11 1 .6599 .5198 352,85  352.91 1.2129 .9795 <5155
2 .3601 L4802 1.5092 . .9911 « 4845

12 1 L6841 L5732 352,45 352,54 141625 29794 - .5654
2 .3159 L4268 145865 29912 - L4346

15 1 .7385 .6753  351.89 351,91 1.0900 .9793 «6670
2 L2615 ,3237 1,7538 «9914 .3330

1% 1 . <7815 G7472° 351,56 351.57 1.0555 «9794 #7385
.2 42135 L2528 - : 1.8979 - 49916 «2615

15 ; «8943 L8943 351,30 351425 1.0101 «9801 «89438

«1057 41057 ) 2.3128 9924 «1052
ERROR ON X(1)= ABS(X(1)-XEC1))/0ATA POINTS= «0063

ERROR ON T= ABSCTE=T)/DATYA POINTS= #22




TABLE 4.21. Bubble T Results for Methanol (1)-Water (2)
System Using UNIQUAC(15)

PRESSURE= 1.000 ATH

GIVEN : ~ "CALCULATED
DATA COMP X YE TE T . GAMA FHI Y

(222222312122 222222 sl R Al 22l 2Rt 2 Rl R sl 2]

1 1 «0293 .1831 358.40 368.13 2,2128 «9865 1873

: 2 « 9707 L8159 : ' 1.0010 <9911 . 8127

2 1 «0346 2107 367465 367442 2.1886 «9864 « 2136

2 « 9656 L7893 1.0013 «9910 « 7364

3 1 «0606 L2353 3664385 366450 2.1618 «9863 £ 24613

2 29594 - L7637 B 1.0018 «9910 . .7587

4 1 a0622 2652 365,95 366439 2.1547 «9862 . 2633

2 #9578 47348 1.0020 «9910 » 7517

5+ -1 «0577 ,2978 364,95 364,49 2.0835 «9860 »30098

2 » 9423 7022 _ 1.0037 +9909 «6902

] 1 «0544 3265 . 364,05 363,74 2.0610 «9859 « 3331

2 09356 46735 1.0046 «9908 « 6669

? 1 . 0737 -.36038 363.15 36276 2.0240 = .9857 03627

2 «9263 .6392 . - 1.,0060 «9908 «6373

8 1 .0838 - .3861 362425 361.77 1.9852 9856 «3913

: 2 «9162 L6139 - . 1.0077 «9907 « 6082

9 1 0948 L4142 362,35 360.78 1. 9445 «9355 «£202

: 2 +9052 45858 1.0098 «9907 5793

10 1 «2801  .6621 351.95 35094 1.4573 «93842 » 6661

2 s 7197 3379 . 1.0792 «9903 «3339

" 1 «3004 .6882 350.75 350429 1.4216 «9341 .6308

2 «6996 3118 1.099%4 «9903 « 3192

12 1 +3212 46832 350,75 349.67 1.3871 .9840 .« 6947

2 6738  .3118 : 1.1027 «9902 « 3053

A3 1 34635 L7002 350.05 349.06 1.3528 «9839 -.7087

2 « 6565 42998 1. 1167 «9902 «2913

14 1 3564 L7178, 369,35 343,44 1.3202 .9839 ° 7220

.2 «6336 ,2822 1.1319 «9902 »2780

15 1 #3909 L7274 343,85 347.84 1.2831 9838 « 73564

. 2 «6091 2726 1.1491 «9902 « 2646

16 1 WL1L1 L7428 348425 347.30 1. 2601 «9337 - T475

: 2 3859 L2572 : : 1.1664 9902 «2525

17 1 «4391 L7597 347475 JL674 1.2324 «9337 7598

2 #3609 L2403 1.1860 «9902 «2602

18 1 4537 L7658 347,15 346423 - 142073 «9836 « 7714

2 3363 ,2332 : 1.2064 «9901 «2286

19 1 «8457 ,9360 340,35 339.88 1.0129 »9839 «9311

2 «1543 L0640 1.6634 9705 «0639

20 1 «8867 .,9632 339.75 339.30 1.0048 -9844 «9687

2 « 1133 .0363 : 1.7298 «9907 0513

21 1 «9293 9771 - 338.85 338.73 1.0026 «9356 - 9675

2 «0707 L0229 1.8029 «9914 .0325

ERROR ON Y(1)= A3S(Y(1)=YE(1))/DATA POINTS= - 0066

ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= 65



60
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TABLE 4.22. Bubble T Results for Methanol (1)-Water (2)
System Using UNIFAC(15)

PRESSURE= 1,000 ATH

GIVEN . CALCULATED
DATA COMP . X YE TE T GAMA FHI Y

(222 2RISR RS R RS R RSR LRI RZER R R RS X2X Ra 8l Rl d ]
1 1 0293 41831 36B.40 368.38 2.1258 <9865 . 1811

2 .9707 .8169 , 1.0011 £9911 .8189

2 1. 0346 42107 367.65 367.66 2.0979 .9864 .2063
2 .9654 47893 1.0016 «9910 L7937

3 1 L0406 42363  366.85 366489 2.0672 .9863 .2329

2 .9596 L7637 1.0021  .9910 L7671

6 1 0622 ,2652 365.95 366,69 2,0592 <9863 .2396

2 L9578 .7348 - 1.0023 .9910 «7606

5 1 L0577 L2978 364.95 364491  1.9850 .9860 .2986

2 .9423 L7022 1.0042 <9909 L7016

6 1 J08466 L3265 364,05 364.21 1.9547 .9859 .3207

2 . 49356 <6735 1.0052 .9909 .6793

7 1 L0737 L3608 363.15 363.30 1.9145 .9358 $3491

2 T .9263 46392 1.0068 .9908 . 6509

B 1 40838 .3861 - 362.25 362.38 -  1.8729 .9857 23770
2 ..9162 46139 1.0036 .9908 «6230

9 1 J0948 L4162 362435  361.46 1.8299 .9856 L4043

2 49052 .5858 1.0109 « 9907 «5957

10, 1 L2801 .6621  351.95 352.14 1,3633 «9843 . 6696
_ 2 L7199  .3379 1.0788 29903 . .3504
11 1 3006 .6882 350,75 351.49 1.3319 L9842 e 6652
© 2 46996 43118 1.0891 «9903 +3348
12 1 .3212 .6882 ° 350,75  350.8S5 1.3023 9842 .6803
2 .6788 3118 , 1.1000 .9903 .3197

13 1 .3435 L7002 350.05 350.21 1,2733 . 9841 «6954
2 «6565 42998 1.1123 «9903 « 3046

16 1 3666 47178  369.35 349,59 142461 .9840 L7101
: 2 .6336 L.2822 1.1255 «9903 «2899
15 -t 3909 .7274 348,85  348.96 1.2197 «9839 27250
T2 L6091 L2726 1.1401 .9902 .2750
16 1 #6141 7428 348425 348,39 1.1969 «9839 . 7384
) 2 «9859 42572 121545 «9902 . 2616
17 1 4391 .7597  347.75  347.80 1.1746 .98338 .7522
2 #5609 L2403 1.1706 «9932 « 2478

18 1 L4637 L7668  347.15  347.24 - 1.1547 .9838 . 7653
' 2 .5363 .2332 _ 1.1870 .9902 L2347
19 1 .8457 .9360  340.35 34015 1.0088 29841 . 9369
2 .1543 L0640 1.5043 .9906 .0631

20 1 .8B67 L9632 . 339.75  339.51 1.0046 .9847 .9538
2 L1133 L0368 1.5448 .9909 20662

21 1 .9293 - W9771  338.85  338.87 1.0017 .9861 L9712
-2 «0707 L0229 1.5882 «9916 .0288

ERROR ON Y(1)= A3SCY(1) =YEC1))/DATA POINTS=  .0076

< ERROR ON TEMPERATURE= ABS(T-TE) /DATA POINTS= 21




TARLE 4.23. Bubble T Results for Acetone (1) -Methanol (2)—

Water(3) System Usinc UNIGUAC(LG)

.5911
.2318
.1770
L4622
L6047
. 1331
.3822
«56438
.0740
. 6690
.1933
L1377
« 5701
. 3531
0768
.7213
1901
.0886

61

PRESSURE=  1.000 ATH
’ GIVEN CALCULATED L
T TE T GAMA FHI
EﬁI:ti?’:t*htt:ttt*.:Etl’tt*k Ak At hh Ah &k Ahk Ak YSI232222 32282 2 44 T2 AR XY RN
1 1 L2000 L6000  337.95  336.51 2.3595 9763
2 .2000 .2300 1,2134 .9827
3 .6000 .1700 N 1.2780 <9911
2w~ {1 - ,2000 <4500 337,25 335.79 1.8879 «9767
o2 L4000 L4100 . 1.0895 .9828
3 L4000 .1400 . 1.4892 .9929
3 41 .2000 3720  335.25  334.27 1. 6405 .9758
2  .6000 45600 1.0370 9833
3 ,2000  .0700 "1,7750 9911
6 1 L600F L6800 333,65  333.34 1.4767 L9760
2 .2000 .1900 : 1.1466  ,9826
3 .4000 1300 1.7238 L9914
5 1 L4000 .5800 332,35  331.86 1.3223 L9752
2" 44000 L3500 1.1123 9832
3 ,2000 .0700 ! 2. 0602 9915
6 1 .6000 7400  331.05 .330.94 1.1484 9TH6
2 .2000 .1800 ) 1.2430 9831
3 .2000 .0800 2. 4804 L9919
ERROR ON YC(1)= A3SCY(1)=YEC1))/DATA POINTS=  .0121
ERROR ON Y(2)= ABSC(Y(2)=YEC(2) )/ DATA POINTS= « 0066
eknbn ON Y(3)= AIS(Y(3)=YE(3))/DATA. POINTS= .0068
ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= .30

TABIE 4.24. Bubble T Results for Acetone (1) - Methancl (2) -

PRESSURE= ATH
GIVEN CALCULATED
DATA COMP X YE TE T GAMA FHI Y
I Y R R R R R R R X222 R A R R RS YT AR R FE TR TR ETRITSTESETESNIESIES RS R 3
f 1 .2000 .6000 - 337.95 339.86 2.0370 L9748 L5562
2 .2000 .2300 1.0491  .9830 . 2231
3 .6000 .1700 1.2789 L9911 L2057
2 1 .2000 .4500 337.25 338.42 1.6212 L9751 L4309
2 .4000 4100 1.0388 L9330 L4275
3 .4000 .1400 1.4070 .9909 1416
3 1 .2000 .3700 335.25 - 335.71 1.4723 L9764 L3589
2 .6000 .5600 1.0341 L9837  .5739
.3 .2000 .0700 1.5073 9912 0671
4 1 4000 .68I0 333.65 335.15 1.4252 L9743 L6841
2 .2000 .1900 . 9682 L9829  .1753
3 .4000 .1300 1.6195 L9915 L1406
5 1 .4000 .5800 332,35 333.11 1.2830  .9760  .5756
2 .4000 L3500 1.0730 .9838  .3580
3 .2000 .0700 1.6801 L9918 L0666
6 -1  .6000 .7400 331.05 33168 1.1733 9753 L7543
2 .2000 '.1800 1.0722 £9836  .1689
3 .2000 .0800 2.079% L9923 .0768
ERROR ON Y(1)= A3SCYC1)=YEC1))/DATA POINTS= 0144
ERROR ON Y(2)= A3ISCY(2)=YEC2))/DATA POINTS= 0112
ERROR ON Y(3)= ABS(Y(3)=YE(3))/DATA POINTS=  ,0096

Water(3) System Using UNITAC(16)

1.000

' ERROR ON TEMPERATURE= ABS(T~TE) /DATA POINTS=

1.07°



TABLE 4.25. Dew T Results for 2-Butanone (1) -n-Heptane (2)
~Toluene(3) System Using UNIQUAC (17}

PRESSURE= 1.009 ATM
B GIVEN CALCULATED -
DATA COMP Y XE TE T GAMA FHI X
#*i***f** (2 222X 2R Z2 2RI TR YR ELESEEE TR LR T *Qﬁi’***'ﬁ’t*t 222 2R FXI
1 1 48380 L8550 354,15 351.72 1,0177 <9375 . 8580-
2 L1570 1270 : _ 2. 6245 .9808 1212
3 .0050 .0170 : 1.2648 .9811 .0108
2 1 7630 .7380  351.15  351.35 1,0546 <9735  .7603
2 L2190 L2170 2.0470 .9592 .1982
3 0180 L0650 1,1786 <9655 L0415
301 . .7620 7430 351,15 351.17 1. 0560 .9771 L7656
2 .2270 .2250 2,0377 L9646 .203%
.3 .0140 .0320 “1,1790 L9694 .0256
& 1 .7160 46580 351.00 351.16 1.1052  .9783 L6883
2 L2740 314D 1,7907 .9662 L2874
3 .0100 .0280 . 1.1299 .9707 .0243
5 1 .9250 .9350 352,05  352.73 1.0027 L9914 29463
2 .0710 .0430 2.8221 L9872 .0459
3 ,0040 .0220 _ 1.3538 L9857 .007%8
6 1 L7510 L7060 351,97 352.07 1,0629 .9703 7243
2 .2120 .2050 SR 1.9945 .9552 .1916
3 L0370 L0930 1.1618 .9625 L0841
7 1 <6850 .5880 @ 351,97 351.72 1.1485 .9723 .6138
2 .2900 ,345) 1.6530 9570 .3206
3 .0250 406540 1.1006 .9640 .0608
8 1 .9860 ,.9720 352.85 353.29 1,0001 L9794 L9820
2 .006) .0040 3,0611 L9693 .0034
3 .008) 0240 1.4056 .9726 L0146
9 1 .7320° .6580  353.15 353,23 1.0768 .9699 L6719
2 42030 .1960 1,9197 L9538 L1833
3 ,0550 1660 ‘ 1,1387 L9616 L1648
10 1 .645) .5140  353.07 352.84 1.2193 .9708 L5295
2 .3100 .3790 1.5018 L9545 .3626
3 L0650 .1070 1,0726 ,9622 .1079
11 1 ,7000 .5780 355.40 355.27 1.1013 .9698 5904
2 L1860 1730 1.8201 .9536 L1659
3 L1140 ,2490 1,1072 L9614 L2637
12 1 .5790 3940 355,33  355.03 1.3561 .9704 .3998
2 .3620 4310 1.3300 .9537 L4208
30,0790 1750 1,0506 .9618 .1795
13 1 .6513 ,4990 357,65 357,45 1,1326 .9700 L5081
2 L1720 .1540 1.7258 <9539 .1511
3 L1570 43470 1,0792 .9617 .3407
14 1 .6540 44320 358,05 357.96 1.1375 .9701 L4930
2 1660 L1490 , 1.7152 L9540 1645
3. 1800 .3690 ‘ 1.0750 .9613 .3625
15 1 45870 .4030 353.00° 357.70 1.2407 L9702 L4089
2 . .2530 L2630 1,4810 .9533 L2570
3 .1600 L3340 1.0454 .9613 L3342
16 1. .5040 .2820 353.00 357.63 1.5217 .9707 2870
2 .3810 -.4770 1,2164 .9539 L6731
3 .1150 .2410 1.0495 .9620 .2399
17 1 J4440 1910 358,00 357.84 1.9714 .9723 L1943
2 .5060 .7050 1.0722 .9557 - .7034
3 .050) .1040 1.1183 .9635 L0974
18 1 .5250 3180  360.30  359.91 1.3211 . .9707 .3220
2 W2710 L2770 1.3813 L9543 .2757
3 .234) L4050 1.0308 .9622 L4022
19 1 ,4350 .20380 360,27 360.04 - 1.6600 W9712 L2117
2 L6180 .505%0 1.1542 .9544. 5071
3 L1670 L2360 1,0583 L9625 L2812
20 1 .3920. .1480 350,30 360.13 1.9854 9719 1592
2 ..5160 6750 1.0697 .9550 L6740
3 1770 _1.1134 .9631 .1669

. _=0920

...Continued
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TABLE 4.25 Continued.

21

22

23

24

25

26

27

28
29
32
31

32

A= L N b L P =h NN =t AN TN~ D WA= RN e D) = D b WD e Y =

« 5540
« 1400

«2960
« 4550
. 2900
« 2550
«3350
«5220
1630
» 5030
« 3530
» 3880
«3110
« 3010
«2830
«5220
1950
« 4060
« 1490
o 4450
«3500
« 2240
«5260

a2840

« 3450
«3710
« 1940
«5330
« 2730
«1970
«2470
«5560
1240
« 3990
«4770

«3500
«1130
5370
«2410
«2890
4700
«1130
«6340
«2430
«2860
<1110
«6030
«183)
«3010
»5160
«0990
«5900

«3110

»1980
«1120

6900

«1550
«1860
«6590
3160
«5750
«0610
«5420
«3970
0730
«1840
«7430
«0380
«3330
#6290

362465

$ 3524 67

362,77
364488
366290
364.87
368.25
368.25

358.20

368.27

373.30

373.05

362449

362442

362460

364.73

364.70

364.82

"368.20

368 .34

368.07

368.21

373.24

372.88

1.2073
1.5835
1.0381
1.4062
1.3084
1.0237
1. 9841
1.0708
1.1059
1.2576
1.5101
1.0239
1.4823
1.2591

- 1.0225

1.9652
1.0758
1.0965
1.3312
1.4322
1.0113
1,4177
1.3337
1.0105
1.5886
1.2074
1.0259
1.9726
1.0778
1,0900
1.5212
1.2773
1.0095
1.7999
1.1619
1.0354

.9709

«9552°

«9628
«9712
«9569
«9628
«9720
«9552
«9633
«9714

- 29558

«9633
9717
«9555
«9634
«9724
«9556
«9637
«9722
«9567
w9642
«9724
«9567
«9642
«9725
«9564
«9642
«9731
29564
« 9644
«9735
«9580
»9654
e 9737
«9577
«9654

ERROR ON X (1)= ABS(X(1)-XE(1))/DATA POINTS=

ERROR ON X(2)= ABS(X(2)-XE(2))/DATA POINTS=

ERROR ON X (3)= ABS(X(})-XE(J))IDATA POINTS=

ERROR ON T= ABS(TE-T)/DATA POINTS=

.21

63

. 3514
.1150
«5336
.2440
.2883
L4672
.1268
. 6320
. 2612
«2825
1161
. 6014
.1851
3009
. 5140
«1016
« 5890
. 3094
.1957
«1145
« 6898
«1578
«1841
6530
.1152
«3157
«5692
.0632
. 5642
«3926
L0726
.1848
. 7426
. 04038
3314
<6278

»0393
«0063
.0042



. TABLE 4.26. Dew T Results for 2-Butanone(l)-n-Heptane(2)
-Toluene (3) System Using UNIFAC(17)

DATA cOMP

1

13

11

12.

13

14

15

16

17

18

19

23

PRESSURE= 1,000 ATM

CALCULATED

64

GIVEN
-y XE TE T GAMA FHI X
1222222222223 222222222 22X TR IR L L g *ii.'ﬁit*'ﬁ_‘.*iﬁ'** Rt brdhted
.8380 .8560 351.15 351,22 1.0187 .9875 . .8805
«1570  .1270 - : 2.8078  .9807  .1064
.0050 .0170 1.0565 = L9811 L0131
«7630  .7380 351,15  350.89 1.0649  .9734  .7638
.2190 L2170 . 2.2318  .9591 L1846
«0180 .0450 , ©.9606 - .9654 L0517
27520 .7430°  351.15 350455 1.0640 9770 L7746
.2270 L2250 2.2435 L9644 L1931
.0110 .0320 v L9478  .9693  .0325
£7160  o5580 351.00 350.41 1.1216 <9782  .6941
£2740 3140 1.9242 W9660 2740
0100 ,0280 .- .8831 L9705 0319
.9250 49350 352.05 352.52 1.0029 - 49914  .9521
.0710  .0430 3.3508°  .9871 .0389
.0040 .0220 : 1.1835  .9857  .0090
27510 7040 351,97  351.94 1.0782  .9708 = .7169
.2120  .2060 2.1075 .9551 - .1821
.0370 ,0900 _ : L9719 .9625  .1010
<6850 .5880 351.97 351.30 1.1762  .9722  .6122
22900 .3460 1.7253  .9568  .3112
.0250 .0650 .8862 - .9633  ,0765
.9860 .9720 352,85 353,33 1.0002 L9794 9809
.006) .0040 3.6390 L9693 ;0029
.0083 .0240 1.2631 9726 0162
«7320 .6580  353.15  353.47 1.0935  .9700  .6568
£2030 1959 1.9711 L9536 L1772
.0650 .1460 : <9843 L9616  .1561
L6450 .5140 353,07 352,77 1.2477° L9708 ° .5135
.3100 3790 1.5466 9545  ,3529
.0450  .1070 .9016 .9622-  J1286
«7000 .5780 355,40  355.96 1.1091 L9699 5746
1860 L1730 1.8262  .9538  .1613
L1140 ,2490 .9998  .9616  .2533
#5790 43940  355.33  355.33 1.3478 L9705 L3936
«3620 L4310 1.3778 .9538 L4024
.0790 .1750 C9379  .9618  .1990
06510 L6990  357.65  358.40 1.1222 L9702 L4987
21720 ,1540 1.7197 L9562 1473
«1670  .3470 1.0070  .9620  .3540
<6540 .6320 358.05 358.95 1.1225 .9703  .4353,
.1660  .1490 1.7073 L9544 1433
<1800 .3690 1.0091 9621 ,3739
.5870 L4030 358,00 358.56 1.2066 . .9704  .4100
«2530  .2630 | S 1.5150 . .9541 $2646
.1600  .3340 : . 9835 L9620 3654
.5040 .2820 358,00 358.04 1.4425 9708 2991
.3810 4770 1.2699  .9541 L6467
1150 ,2410 L9771 J9622 L2542
W4440 1910 358.00 357.57 1.9725 L9722 1951
.5060 ,7053 1.0931 W9557 L6986
.0500 - .1040 1.0287  .9635  .1064
.5250 .3180 360,30 360.79 1.2422 .9709  .3339
$2710  ,2770 : 1.4275 L9566 . 2590
.2040 4050 .9923 . .9625 L4062
.4350  .2080 360,27 360.40. 1.5175 L9713 L2291
.4180 ,5062 : 11,2065 L9545  .4798
.1470  ,2860 1.0103  ,9626  .2911
23920 L1430  360.30 360.12 1.8787  .9719  .1682
.5160 6750 : 1.0993  .9550  .6560
L0920 .1770 1.0574 ___.9631  .1757

[N VY NP W Ty YRR T VP Y VPP VY VR I VR W VIR WY VRN VYl VRRNY PV VPV VI U VRN VI SR IV VIR VR VRPN PVl VRS SV VIO JV NI PVl NI

*« +Continued.



TABLE 4.26. Contirued.

21
22
23
26
‘25
26
27
23
29
30
31

32

WHN = NN =W =W NIV AN NS NN = LN =N AW = W=

#5540
« 1400
«2960
#4550
« 2900
22550
«3350
«5220
<1630
«5030
21440
»3530

* «3880

«3110
«3010
« 2330
«5220
« 1950
« 4060
« 1490
« 4450
«3500

-« 2240

<4262
2340
3450
<3710
.1940
5330
2730
«1970
2470
5560
1240
«399)
« 4779

.3500
.1130
5370
2410
.2890
<4700
.1180
5340
2480
.2860
1110
.6030
1830
3010
5150
0990
5900
23110
1980
<1120
6900
.1552
1860
6590
1099
3150
5750
.0610
5420
3970
.0730
1840
L7430
.0380
3330
6290

ERROR ON
ERROR ON
ERROR ON

ERROR ON

352.65
362467
362.77
364488
364,90
364,37
358.25
353.25
353.2C
368.27
373;30

373,05

363460

363.21

- 362465

1365477

365 .34
364485

369,04

368.99

368 .41

368438

373446

372.72

1.1425
1.5872
1.0108
1.2738
1.3615
1.0020
1.7917
1.1039
1.,0757
1.1612
1.5292
1.0080
1. 3018
1.31461
1.0104
1.7140
1.1099
1.,0822
1.1859
1.6593
1.005¢4
1.2322
1.3847
1.0068
1,3338
1.2615
1.0222
1.6554
1.1035
1.0918
1.2635
1.3355
1.0194
1.3853
1.2078
1.0333

«9712
«9556
«9631
9714
«9552
«9630
9721
9552
«9633
«9717
«9561
«9636
«9719
«9557
«9435
$ 9724
«9556
«9637
«9724
«9570
«9644
«9725
«9569
e 9644
«9726
9565
« 9643

9730

«9564
9664
«9735
9530
«9654
«9737
9577
« 2653

X(1)= ABS(X(1)=XE(1))/DATA POINTS=

X(2)= ABS(X(2)=XE(2))/DATA POINTS=

X(3)= ABS(X(3)=-XE(3))/DATA POINTS=

T= ABS(TE~T)/DATA POINTS=

ol

- 3599
«1110
«5291
«2633
2711
e 4655
» 1402
.6122
. 2476
02972
«1112
. 5915
.2070
« 2330
3100
«1163
5704
3132
2147
. 1090
6763
.1734
. 1741
« 6475
- 1354
.2992
5654
L0755
«5310
« 3935
« 0369
1757
« 7376
0509
«3201
#6290

0156
0172
.0082

65



TABLE 4.27. Bubble P Results for Methnol (1) -Carbontetra-
chloride (2)-Benzene(3) System Using UNIQUAC(18)

TEMPERATURE= 328.15 K

GIVEN - CALCULATED

DATA COMP - X YE PE P GAMA Y FHI
(222222 TRESELEDLE RIS ETELETRL LS E IR RNRLETRTRTRLETETY R Y QQ—.—ttt i tn
1 1 .1880 5152 «875 «887 3.6159 .5228 «9531

2 .1960 ,1387 1.2361 1362 9690
3 L6160 .3461 - 1.1210 «3409 «9598
2 1 1983 .S5130 .908 920 3.5335 5197 - .9826
2 3961 L2624 . -~ 1.2013 »2582 9679
3. L4056 L2206 1.1495 2221 - 9688
37 1 .1982 L5109 .907 «920 3.5350 «5197 .9826
2 3763 L2628 1.2012 «2583 L9679
3 L4055 .2263 ‘ 11494 2221 9688
6 1 L1945 5058 «930 «943 3,6717 "«5171 «9324
2 5922 L3733 1.1682 #3665 «9674
3 L2133 L1199 1.1728 21164 - .9683
5 1 «3590 L5397 2936  .950  2.1228 W5475 .9520
S 2 .3230 L2539 . . 144695 2495 «9669
3 .3180 L2064 1.3826 2030 9678
6 1 u.5557 L5672 . 944 958 1.4439 J5719 .9818
2 L2134 2316 ) - 2,0582 «2291 . 9657
3 ,23090 ,2012 _ 1.3826 «1991 9677
7 01 L7515 .6209 .925 942 1.1349 6179 .9820
2 1115 L1925 3.3169 «1960 29674
3 L1370 L1866 2.9207 .1862 . 9683
8 1 L.B8433 6736 .89% . <915 1.0562 6641 .9825
2 .0314 .1890 4, 4463 «1972 .9685

3

L0753 L1374 i 3.8486 <1387  .9695
ERROR ON Y(1)= ABS(YEC1)=Y(1)/DATA POINTS= <0073
"ERROR ON Y(2)= ABSCYE(2)=Y(2)/DATA POINTS= 0046
ERROR ON Y(3)= ABSCYE(3)=Y(3)/DATA POINTS=  .0028

ERROR ON P= ABS(PE=P)/DATA POINTS= 014

TABLE 4.28 Bubble P Results for Methanol (1)-Carbontetra-
thoride(Z)—Benzene(B) System Using UNIFAC(18)

TEMPERATURE= 328,15 K

GIVEN CALCULATED

DATA -COMP X YE PE P GAMA Y FHL
222322222 ."Qif’.‘f’tff'.iﬁ'ﬁiﬁt't PXRTRTETE TR IRTETR IR 2R R TR 2R X R
1 1 .1380 ,5152 .875 «575 2.1927 «4857 «9891

2 L1760 L1387 - .8258 «1337 L9798

3 L6160 L3461 .8100 23756 .9803

2 1 .1983 L5130 .908 . 720 2.9049 $5440 . 9864
2 J3961 L2624 1.1136 .3037 .9750

3 .4056 L2246 . 6212 .1523 .9757

3 1 .1932 L5109 <907 . 720 2.9068 #5440 L9366
2 L3963 L2628 1.1135 .3038 L9750

3 L4055 L2263 : <6211 .1522 L9757

6 1 .1945 ,5068 <930 . 863 3.5337 25626 . 9842
2 .5922 L3733 1.1798 <4029 .9709

30 L2133 L1199 : .5038 G564 <9717

5 1 43590 5397 .936 751 1.6738 $5457 .9359
2 .3230 L2539 1.5473 <3301 .9740

3 .3180 L2064 . 6733 L1262 «9743

6 1 .5557 5672 L944 .781 1.2075 «5345 .9853
2. <2134 ,2316 2.3334 3164 .9732

3 .2309 L2012 L7691 L0991 L9739

7 1 .7515  ,6209 .925 .783 1.0471 <6838 L9853
2 1115 L1925 3.5307 $2494 .9737

"3 L1370 .1866 . 8758 .0668 «9744

8 1 .B3433 .6736 .896 .786 ©1.0197 WThb6 . 9855
2 .0814 1890 4,2372 £2177 97064

3 L0753 L1374 ) . 9050 .0378 «9750

ERROR ON Y(1)= ABSCYE(1)~Y(1)/DATA POINTS= .0358
ERROR ON Y(2)= ABS(YE(2)=Y(2)/DATA POINTS= ,0448
ERROR ON. Y(3)= ASS(YE(3)=-Y(3)/OATA POINTS= .0806

i ERROR ON P= ABS(PE-P) /DATA POINTS= 167




TABLE 4.29.‘ Dew P Results for Méthanol(l) —Carbontetra~
chloride(2) -Benzene(3) System Using UNIQUAC (18)

-

TEMPERATURE= 328.15 K

GIVEN . ’ CALCULATED

DATA COMP Y o XE PE P GAMA FHL X
L2 R 22222 R AL SIS ST R RIS LRSS RIS SIS RIS LR 29
1 1 .5152 .1880 875 .877 3.9207 .93833 .1691
2 L1387 L1960 1.2125 «9693 - L2014
3 L3461 L6160 ' 1.1020 $9701. .6296
2. 1 5130 .1983 .908 . 911 3.8685 .9828 1781
2 L2626 23961 . 1.1759 29682 L4078
3 L2246 L4056 1.1287 9691 - L4141
3 1 .5109 L1982 .907 .909 3.9588 - .9828 L1719
2. «2628 3963 1.1685  .9683 .6097
30,2263 L4055 - 1.1223 £9691 04183
& 1 .5068 L1945 .930 .929 4.2650 .9827 .1618
2 ..3733 .5922 1.1294 ,9678 «6152
3 1199 L2133 : 1.1396 L9687 .2230
"5 1 45397 .3590 .936 <944 2. 4646 .9821 .3027
2 .2539 L3230 : . 1.3605 L9671 .3526
3 42064 43180 . 1.2886 <9681 L3647
6 1 .5672 L5557 $944 £957 1.5173 .9318 .5242
2 .2316 L2134 1.9373 .9667 »2291
3 .2012 L2309 1.7798 9677 L2667
7 1 L6209 7515 .925 .940 1.1235 .9820  .7579
2 .1925 1115 : 3.3788 £9675 .1073
3 .1866 L1370 - 2.9694 .9684 <1343
31,6736 a8433 .896 .908 1.0490 .9826 L8543
2 L1890 .0314 ’ 446303 .9689 .07¢3
3 1374 0753 3.9912 .9698 L0714

ERROR ON X(1)= ABS(XE(1)'X‘1))/DATA POINTS= ‘ « 0254
ERROR ON X(2)= ABS(XE(2)=X(2))/DATA POINTS=  .0137
CERROR ON X(3)= ABS(XE(3)=X(3))/DATA POINTS=  .0117
ERROR ON PRESSURE= ABS(PE=P)/DATA POINTS= 007

- TABLE 4.30, Dew P Results for Methanol (1) -Carbontetra-

rachloride (2) -Benzene(3) System Using UNIFAC (18)
TEMPE RKTURE= 328,15 X ’

GIVEN CALCULATED
DATA COMP Y XE PE P GAMA FHI X
(224222222222 R 2Al22 X222 22 R 12222222 22X 222222 22 RR28222 R 222 24
1 1 .5152 - .1380 «875 « 893 4.7821 «9330 .1612
2 +1387 .1960 1.2196 «9687 .2038
03 J3461 L6160 1,0734 «9696 « 6550
2 1 «5130  .1983 »908 «934 4,9073 «9324 T L.1430
2 L2626 43961 . 1.1610 9674 . 4227
3 L2246 L4056 1.1016 9683 4343
309 #5109 41982 «907 +930 5. 0946 «9824 21368
2 42528 43963 . 1.1533 . .9675 L2467
3 2263 L4055 . 1. 0955 9684 4385
6 1 +5068 L1945 930 .952 6. 3555 9822 L1112
2 L3733 .5922 : . 1.0879 - .9670 6540
3 .1199 L2133 1.1085 «9630 2343
5 1 «5397 43590 «936 956 1.3775 «9819 +5687
2 .2539 J3230 . - . . 2.14384 9667 .2261
3 L2064 L3180 : 1.9977 <9676 «2252
6 1 25672 5557 7NN 2948 1.1850 .9320 . 6643
2 W2316 2134 : 2. 6946 «9671 .1632
3 .2012 L2309 © 2.5275 9680 1721
7 1 6209 L7515 «925 .918 1.0770 . .9825 7760
2 L1925 1115 3.6139 9683 - L1038
3 1866 L1370 : 3.2548 «9691% .1202
8 1 «6736 48433 «896 « 885 1.0357 9831 . 8442
2 1890 .0814 ) Co 3.9871 9697 20862
3 L1374 L0753 3.3875 .9705 - .0715

ERROR ON X(1)= ABS(XE(1)=X(1))/DATA POINTS= .0714
ERROR ON X(2)= ABS(XE(2)=X(2))}/DATA POINTS= «0353
ERROR ON X(3)= ABS(XE(3)=X(3))/DATA POINTS=  .0368

ERROR ON PRESSURE= ABS(PE-P)/DATA POINTS= «016



TABLE 4.31. VLE Results for Various Alcohol—Aromatic
' Binary. Sysems (15) '
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! - T(P) DATA AMD(UNIQUAC) AMD (UNIFAC) AMD(RAQULT)

SYSTEM TYPE K(ATM) POINTS xX{vy) T(P) Xy T.(2) X(y) I
METHANOL TOLUENE BUBT 1.000 10 0104 .77 L0049 .26 1067  9.8a
BEVZENE  N=-3UTANOL  BUBT 1,000 21 .0290 .23 L0047 .34 0790  6.29
4ETHANOL BEVZENE BUaT 1.000 10 .0083 .55 0156 .76 21871 10,47
3ENZENE N=PROPANOL _BuBT 1.000 12 0422 1.21 «0131 1.36 «0926 7.65
STHANOL  BENZENE 8UsST  1.000 10 .0083 .32 L0067 .49 <1399 9,19
METHANOL TOLUENE DEWT 1,000 10 .0430 .55 0242 .19 1919 11,28
1ETHANOL BENZENE DEWT 1.000 10 «0140 .29 .0233 ‘a25 "«1800 G.31
JENZENE  N=-BUTANOL  DEWT  1.000 21 L0338  1.28 L0097 .35 L0852 5.13
IT4ANOL  BEVZENE PEXT 1,020 10 .0271 .37 .0195 .47 L1407 9,22
3ENZENE N=BUTANOL sypP 293,15 5 - o0143 .002 .0138 «002 1492 .30
JENZENE N=-3UTANOL gype 318.15 9 0041 . 001 .0039 . 005 0429 .53
SENZENE  SEC-BUTANOL BU3P  293.15 5 L0667 .024 0123 .002 L0715 .133
JENZENE  TER-3UTANOL 3uaP  293.15 6 0777 022 L0171 001 .0891 L0134
ASTHANOL BENZENE BUSP  328.15 9 .0089 012 L0118  .012 «1673 .279
ETHANOL S8ENZIENE - BUBP 323.15 11 <0173 +009 .0088 .C04 «1474 .127
ETHANOL TOLUENE guspP 308.15 10 «0297 .005 «.0198 <003 ‘1826 047
ETHANOL TOLUENE pugeP 358.15 11 20171 «0337 .0204 « 044 «1211 « 358
3ENZENE I=-PROPANOL BUBP 293.15 7 «0069 «002 <0066 . 002 1346 .35
SENZENE N=~3UTANOL DEWP 298.15 S 1492 .014 « 1463 «.014 «3392 074
JENZENE  N-BUTANOL  DEWP 318,15 9 L0232 .005 .0250 .009% L4970 L2063
3ENZENE . SEC~BUTANOL DEWP  293.15 5 1171 019 .0700 .006 .3723 L0738
3ENZENE  TER-BUTANOL DEWP 293,15 6 .1014 .019 .0330 .002 L6361 .095
SENZENE I=-PROPANOL DEWP 298,15 7 <0127 <001 .0083 +002 « 6007 .093
METHANOL BENZENE DEWP  323.15 9 L0211 .008 L0417  ,009 .3826 . 657
ITHANOL ~ BENZENE DEWP  323.15 11 L0244 .005 L0117 .003 .5305 L4346
IENZENE N=~PROPANQL DEWP 313.15 10 «0352 . 009 « 0265 .008 .3848 s173
AMI=AVERAGE ABSOLUTE MEAN DEVIATION _ R

+
TABLE 4.32 VLE Results for various Alkane- Aromatic
Binary Systems (15)
T(P) DATA AMD(UNTIQUAC) AMD (UNIFAC) AMD(RAQOULT)

SYSTEM "TYPE KCATM) POINTS x(Y) T(P) xX(Y) T(P) X(Y) - T(P)
l'k*ﬁt*ﬁttt'.**ﬁ**tﬁfi.**it**ttﬁf'*t*i'*‘tiﬁ*tt*ftiti**t***t*t**ttt'ﬁfit*.'t*f*tfitt*tttt*'tt
N-HEXANE = BENZENE DEWT 1,000 12 L0057 .10 L0070 L, 26 L0272 2.19
N-HEXANE = TOLUENE BUST 1,000 15 .0055 .23 0054 43 0181 2,37
JENZENE N=HEPTANE BUBT 1.030 18 .0089 .50 L0058 .36 L0227  2.27
N-HEPTANE - TOLUENE BUSBT  1.000 17 .0025 .16 L0370 .50 0167 1,46
226 T.M.P. TOLUENE BUSP 373,15 9 0136 L2246 L0040  .015 L0264 .053
JENZENE N-HEPTANE OEWT 1,200 ~ 13 .0083 42 . <0060 .27 CW.2660 2,26
U=HEPTANE ‘TOLJENE DEWT 1. 000 17 «uN24 16 0067 ‘o bl 0157 1266
224 T.M.P. TOLUENE DEWP -373.15 9 L0140 .021 L0130 .C10 0266  .556

TeMaP= TRIMETHYL PENTANE
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TABLE 4.33. VLE Results for various Alkane-Alcohol
Binary Systems(15)

TP DATA AMDCUNIQUAC) ~ AMD(UNIFAC) AMD (RAOULT)

" SYSTEM TYPE  KCATM) POINTS  X(Y) TP xCY) T(P) XCY) T(P)
ﬁ*ltt*t*ﬁti*f.**tt**fﬁ*iﬁ*b*i*itﬁ'****ifi**ﬁ*fiit't"'ttt*'ﬁttitﬁ*i*t*ttﬁ*i*t*l'tttttttttftf
N-HEXANE ETHANOL 8usT 1.000 9 0046 A .0151 b6 .1878 13.92
N-DECANE  N=BUTANOL BUBP 373,15 19 L0134 004 0116 .013 .0331 .N94
N-DECANE  N=-SUTANOL DEWP 373,15 19 L0449 .03 0415 - 014 .15€9 .13
N-HEPTANE N~-BUTANOL BUST . 900 10 0312 2.09 .0303  1.53 L1479 11,70
STHANOL N-HEPTANE BUBP  323.15 12 L0306 .010 .0256 .012 .1322 L136
METHANOL 'N~HEPTANE 8yST = 1.000 7 0109 .55 .0229 .83 L2047 15.91
N-PROPANJL N-HEPTANE BUST  1.000 9 0316 1.64 .0292 1.08 1374 11,43
N-HEXANE  N=-PROPANOL BUST 1,000 12 0392 1.72 L0652 . 1.65 1465 11.12
NETHANOL  N=HEXANE  BUBP - 318.15 9 0150 .020 L0208  .034 L2177 .279
I=-PROPANIL 224 T.M.P. BUBT 1,000 12 0067 «35 «0485 3,63 «1248 8.65
N=HEPTANE N~BUTANOL DEWT 900 10 0535 1.15 «0556 71 .1436 10.22
ETHANOL N-HEPTANE DEWP  323.15 12 0766 .010 L0632  .010 £1933  .143
METHANOL  N=-HEPTANE DEWT 1,000 7 .0836 A6 L2276 .39 L2769 16.35
N-PROPANOL N~HEPTANE. DEMT  1.000 9 0656 .83 L0678 L83 L1376 11,48
N=HEXANE N=-PROPANOL DEWT 1.000 12 0382 2.11 .0538 1.48 <1406 8.9%0
1ETHANOL  N-HEXANE DEWP 318,15 9 L3134 .008 L1635  .002 $2177 L3709

12 L0139 .35 L0649 2,08 .1265  §.37

I=PROPANOL 224 T M.P. DEWT 1.200

ToMe PETRIMETHYL PENTANE

TABLE 4.34 VLE Results for Alcohol-Water Binary

Systems(15)
T(P) DATA AMDCUNTIQUAC) AMD CUNIFAC) AMD(RAOULT)

SYSTEM . TYPE K(ATHM) POINTS X(Y) TP) xCY) T(P) X(Y) T(P)
I AAASS RIS LA RS R ASSRlRl SRl Rl st Rl Xl AR 22 R R XS RS2 RE SRS RN PR 2RI
H=3UTANOL  WATER suBT 1.000 13 0417 1,59 »0507  1.76 «1875 10.35
N~PROPANOL HWATER 8UBT 1.000 3 .0079 21 L0162 .46 L1351 11,10
METHANDL WATER BusT 1,000 51 0114 .70 0130 .33 0832 4,62
STHANOL WATER 3usT 1.200 15 0027 .14 «J058 « 31 «1179 7.45
ETHANOL HAT.ER DEWT 1.000 15 .0036 .18 0063 - .22 <1012 6.41

1

TABLE 4.35. VLE Results for Ketone-Alcchol Blnary Systems (15)

T(P) DATA AYDCUNIQUAC) AMD CUNIFAC) AMD(RAOULT)

SYSTEM TYPE  KCATM) POINTS X(Y) T(P) R162) T(P) XCY) T(P)

[EXZL TR EL R R R4 X222 RL AL RIS AR R A Xl R RZEZELTEDRIFFERIRFERIFIEIEFELTEFEEELEEFEEELEIETRF LRI
ACETONE ETHANOL . sysT 1,000 9 .0220 41 <0265 .69 . L0459  3.42
ACETONE ETHANOL DEWT  1.000 9 0226 .32 0264 .11 L0610 3,29
ACETONE METHANOL susT 1.000 8 0169 .51 0136 .36 . L0426 2,70
ACETONE METHANOL . DEWT 1,000 8 L0173 Y S740 W36 L0632 2.66
METHANOL 2-BUTANONE  BUBT 1,000 12 0420 2,56 0019 .17 <6527 " 3.28
WETHANOL 2-BUTANONE  DEWT  1.000 12

«0437 1.85 «0021 «18 «0565.  3.27




TABLE 4.36. VIE Results for Ternary Systems

ACETIC ACID(19)

TPy
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DATA  AMDCUNIQUAC) AMD CUNIFAC) AMD(RAOULT)
SYSTEMW TYPE K(ATM) POINTS X(Y) T(P) X¢r)  T(P) XCY) TP
2 EE 2222 2R LR EIEL RS TRIETELRLIE IR AR ELRLIEZES SR ELEZE SR E2R 222 LR RSREELEEEERS
ACETONE BUST 1.000 6 L0121 .80 0144 1,07 L0561 7.92
METHANOL « 0066 <0112 w3772
JATERC16) .0068 .0096 3290
ACETONE DEMT 1.000 6 L0263 1.00  .0235 .75 L0650 7.89
METHANOL . 0081 . « 0160 23650
JATER(16) 0266 0293 0619
‘2-BUTANONE  BU3T. 1.000 32 . 0069 18 L0172 .68 L0583 6.47
N-4EPTANE .0047 S0t4h L)487
TOLUENEC1 7 .0028 L0075 .0294
2-3UTANONE  DEWT 1.000 32 .0093 .21 L0156 .41 .0529 5.33
N=HEPTANE « 0063 0172 «J537
TOLUENEC17) . 0042 .0082 L0341
METHANOL DEAP 328.15 8 . 0254 007 0714 .016 L3232 ,720
coL L0137 L0353 22061
SENZENE(18L «0117 «J368 ,1917
METHANOL 3U3P 328.15 8 L0073 .142  .0358 .16 1967 .345
CeLé . 0046 L0443 1925 :
BENZENE(18) .0023 .0806 0942
METHANOL DEWP 307.83 6 L0404 006  .0968  .004 L2798 L3373
A .0206 0463 2003
SENZENE(18) - .0206 .0505 1846
METHANOL BU3P 307.83 6 . 0071 .001  .0157  .008 A771 165
coLs . 0045 .0058 v .9921
3ENZENE (18) . 0047 .0C99 0850
" AATER BUIT 1.000 67 L0396  3.93 L0445 6.29 L0196 2.23
FORMIC ACID : L0135 .0291 .3375
ACETIC ACIDC(19) .0271 L0334 L1383
WATER . DEWT 1.000 67 L0430 3.46  .0555  5.52 23239 1,72
FORMIC ACID L0127 L0316 L0366
0346 L0535 L0491



TABLE 4.37. VIE Results for Ethanol-Water Systems at
Different Conditions(15)

T(P) DATA AMD CUNIQUAC) AMDCUNIFAC) . AMD (RAQULT)

. TYPE . CKCATM) POINTS X(Y) T(P) xXCY) TP) x(T) T(P)
ﬁ*iﬁf*'**”*’ﬁt.fi’*i'ﬁ*****i**ftfi*****t*i*i**Qi't*ﬁttt*ﬁ'*t*f’iQtf*ttﬁ*i
CDEWT .066 1 0141 43 0214 .56 .0893 - 4,37
DEWT - 4329 1 L0176 23 0219 .25 L0967 4.85
DEWT .653 1 .0068 .12 0102  .12° - .0982 - 5.60
DEWT ~ 929 12 .0029 15 L0052 .27 .0927  5.04
DEWT  1.000 15 .0036 .18 L0063 .22 L1012 6.41
DEWT 3.402 18 - .0061 .33 0097 .32 L0961 6476
_DEWT  6.805 18 .0407 64 L0464 1,14 L1026 6,44
DEWT 13,610 18 L0231 1.32 .0302 2.07 .0799 6496
DEWT 20410 . 12° L0313 1.01 L0421 1.82 .0682  7.66
suaT .066 11 L0179 .58 L0214 .81 L0766  4.01
suaT .329 11 <0112 36 0150 .53 .0983  5.25
BUST 4658 11 0045 13 L0070 .24 L1005 5,99
8usrT 929 12 . .0047 17 20096 .53 $1625  7.36
uar 1.000 15 - .0027 14 .0058 .31 179 7,45
BuaT 3,402 18 .0057 .29 0134 .65 .1185  8.15
BUST 6.805 18 .0253  1.09 .0365 2.06 .1202  3.22
3UBT  13.610 18 L0171 2.07 L0300 3,51 L0911 7.58
BUBT 20,410 12 L0299 2.56 L0511 4.69 . .1002  9.69
8UBP 473,15 5 .0248 564 L0378 1.490 L0980  4.580
DEWP  473.15 5 .0418 829 .0522  1.310 .2608 16.682
DENP  423.15 5 L0374 485 L0466 ,340 .2580  7.318
‘BUBP 423415 5 . 0223 370 L0307  .110 L1148 . 2,378

TABLE 4.38. Bubble T Results for Acetone-Water System at

Various Pressdfes(lS)

DATA AMD CUNIQUAC) AMDCUNIFAC) AMD (RAQULT)
PC(ATH) POINTS Y T . Y T Y T
'ﬁtf*tf'f***t**tfl****it**ﬁii.*****t’**tt*tiitittﬁ*tffﬁ.ittkiittt
.558 12 0126 1.06 .0113 .75 . 21931 12,73
1,000 13 .0138 .75 .0092 .69 J1641  13.51
3,402 12 .0220 1.18 L0271 1,47 L1337 16,93
6.305 1 L0198 1.42° L0287  2.29 L1659 15.82
13.610 13 .0295  1.93 L0439 3,58 L1547  18.31
17.010 8 L0263 2.24 L0446 3,94 L1571 19.32

TABLE 4.39. VLE Results for Methanol-Water System at
' Various Pressures(15)

DATA AMD (UNIQUAC) AMDCUNIFAC) AHDiRAOULT)

T XCY) T X (Y T
tIItE*twt*:ii:iit*zgiﬁzit*iill**ttat*ttti*t*ittt***&*0***fi*ttttﬁ*tttiftt
Buer « 967 8 0347 1.8¢4 . <0618 2. 47 0933 6.02
BuUBT' 1.000 51 .0114 «70 <0130 «33 .6832 462
BusT 3.000 22 .0110 wb? .0058 96 «0529 k.58
BUBT. 5.000 22 «0128 51 © L0087 - .80 '« 0487 L.89
BuUBT 8,000 .22 . 0122 69 .0085 «53 <0467 6,93
BUBT 11.200 22 .0126 .62 - .0094 b2 .0658 6,91

DE WT 11.200 © 22 «0159 bl .0122 - 71 <0677 5425




TABLE 4.40 Bubble T Results for Acetone (1)-Water (2) System
- Using UNIQUAC 44)13.610 atm(15)

PRESSURE= 13,610 ATHM

GIVEN . CALCULATED

DATA COMP X YE . TE T GAMA FHI Y
Qttiittﬁh*t*t'**ﬁ'f!"Q***ﬂit*fﬁﬁ"tiﬁttﬁtt&tttf’*t.*tifi'*'kt'*"ﬁitﬁ
1 1  ,0200 .2890  450.35 455,50 8. 7698 L8617 L2312

2 .9800 .7110 . - 1.0018 .9338 .7688

2 1 0520 3970 462,05 642,49 603942  JBA1B L4461

2 .9380 .6030 A 1.0155 = 9340  ,5539

3 01,1080 L4770  437.55 436.06 4.7908 .8323  .5358

© 2 .8920 L5230 ' 1.0432 09357 - L4642

6 1 1360 L4950 437,05 433.97 4,1299 .8299  .5641

2 .864D ,5050 ) 1.0654  .9366  ,4359

5 1 1750 5260  435.65 432.13 3.4301 .8273  .5890

2 ,8250 L4740 1.1020 .9375 L6110

6 1 .2440 L5610 433,75 430,32 2.6328  .8249 L6144

2 L7560 L4390 1.1818 .9387  .335%

7 1 J3720 .5930 433,05 428,53 1.8557 8225 . 6435

2 .6280 4070 - 1.3736 L9405 .3565

8 1  .3820 L5950 432,25 428.42 1.8158 8224 L6456

2 .6180 L4050 1.3968.  .9406  .3544

9 1 L4890 ,6320 431.55 427.38 1,4918 8211 L6687

2 .5110 .3680 : _ 1.6248 9423 .3313

10 1 .5900 ,6690 431,05 426.60 1.2981 .8203 . 6940
2 .4100 .3310 ©1.9122 L9445 .3060

11 1 L6610 6990 430,95 426,32 1.2258 .8201 .7089
2 .3590 .3010 _ 2.0960 .9460 .2911

12 1 ,7520 L7530  430.75  426.11 1.1091 .8207 L7493
2 L2680 2420 . . 2.6387 .9504 ,2507

13 1 .8630 .8500  430.35  427.12 1,03564 .8251 .8113
2 1373 .1500 : 3.5252 .9588 L1882

JLERROR ON Y(1)= ABS(Y(1)-YE(1))/DATA POINTS= « 0439

ERROR ON TEMPERATURE=>ABS(T-TE)/DATA POINTS= 3.58.

TAELE 4.41.Bubble T Results for acetone(l)-Water(2) System
Using UNIFAC at 13.610 atm(15) .

PRESSURE= 13.510 ATM

GIVEN CALCULATED
DATA COMP X YE TE' T GAMA FHI Y
2222222222222 22222 X222 28Rl R22 22 YR 2R X RLAERRIL 2RSS X222 2RISR 22222 2R 2]
1 1 .0200 ,2890 450.35 456,31 8.2585 «8628 L2194
2 9300 .7110 ) 1,0017 «9339 .7806
2 1 .0520 .3970 442,05 443,55 6.0926 8434 . 56312
‘2 49380 L5030 1.0154 «9339 +5688
3 1 .1083 L4770 437,55 437 .34 4,5205 «8345 »5211
2 8920 5230 1.0432 93564 4789
6 1 #1360 .4950  437.05  435.34 3.9357 8317 5439
2 8640 ,5050 1.0658 9362 4511
5 1 - 41750 L5260 435,65 633,66 3,2634 .2294 «5723
2 .8250 L4740 1.1035 «9370 4277
5 1 «2640 5610 433.75  432.16 2.4810 .8273 “5942
2 «7560 L4390 © 1.1867 .9379 . 4058
7 1 3720 L5930 433,05 430,83 1.7233 8255 «6176
2 .6280 .4070 1.3938 «9391 «3824
g8 1 «3820 L5950 432,25 430,74 1. 6851 .8254 6194
2 .6180 L4050 144129 .9392 «3808
9. 1 .4890 L5320 431,55  429.84 1.3322  .8242 6622
' 2 5110 .3630 1.6458 9407 - .3578
10 1 .5900 .6690  431.05 429.10 1.2124 «8233 L6723
2 «4100 .3310 1.9191 « 9430 . 3277
11 1 6610 ,6990 430.95 428,81 ~ 1,1531 «8230  .6917
2 .3590 .3010 2.0799 9443 «3083
12 1 «7520 47580 430,75 428.67 1.0654 «8239 7473
2 2480 L2420 2.4922 ° .9505 .2527
13 1 3530 -.8500 430,35 429 .80 1.0182 «8297 -8288
2 «1370 L1500 . R 3.0036 «9613 «1712

ERROR ON Y(1)= ABSC(Y(1)=YE(1))/DATA POINTS= « 0295

FPROR ON TEMPERATURE= ABS(T-TE)/DATA POINTS= 1,93




TABLE 4.42, Bubple T Results for EthanOI(li

—Water(2) 'System
Using UNIQUAC at 20.410 atm(15) N

PRESSURE= 20.6410 ATH

GIVEN . CALCULATED
DATA COMP X YE TE T GAMA FHI Y
I E S22 22238122 R IR X2 RS2 2Rt s 22 A 2 2028 R R iR 2222222 R X222 222X 2]

1 1 0173 .1080 481.65 4381.66 4.1725 . .8577 .1033
2 .9827 8920 » 1.0008  .9135 L8917

2 1 L0458 L2190  475.95 475,08 3.6606 . 48476 .2307
2 .9542 L7310 . 1.0055 9110 .7693

3 A L0527 L2330 475.25  473.82 3.5278 48457 . 2531
' 2 L9473 L7670 1.0072 «9106 . 7669
& 1 L0565 42400 474,75 473.18 3.4682 «B8447 2646
2 L9435 L7690 , 1.0082 «9104 7354

5 L1 L0610 2570 473,85 472.46 3.3997 -, LB436 L2773
2 49390 L7430 1.0095 »9102 .7227

§ 1 L0917 L3070 471,25  468.43 2.9883 <8373 o 3671
2 49083 L6930 . 1.0207 .9093 . 6529

7 1 L1300 .3650 467.95 465.00 . 2.5867 .8320 . 4058
2 «8700 46350 1.0396  '.90838 « 5942

8 1 «1570 .3890 466475 463 .24 243605 »8292 s 6360
. 2 «8430 .6110 1.0559 «90838 . 5640
9 1 L2180 L4310 464,35 460,44 1.9736 «8249 <4857
2 .7820 .5690 1.1009 «9089 *5143

12 1 .3620 5090  461.35  457.10 1.5034 «8196 . 553¢
2 . «6580 L4910 , 1.2216 .9100 LLL66

11 1 .4720 ,5840 458,85 454 .87 1.2559 «8162 « 6139
2 «5280 o4160 1.3845 .9122 « 3861

12 1 ,5360 L6210 458,05 454,02 1.1785 <8150 . 6653
2 L4640 L3790 1.4772 «9137 e 3547

ERROR ON Y(1)= ABSCY(1)-YE(1))/DATA POINTS= .0299

ERROR ON TEMPERATURE= ABS(T-TE)/DATA POINTS= 2.56

e e - - e - - - - = 0 - A - D = T P O e - -

?ABLE 4.43, Bubble T Results for Ethanol (1)
' Using UNIFAC at 20.410 atm(15)

—Water(2) System

PRESSURE= 20,410 ATH

GIVEN _ CALCULATED
DATA COMP X YE TE T GAMA FHI Y
R 22222222 X122 22 R1 RIS RIS RS R 2R R Rl R R s 2122l sl Rl s s

1 1 L0173 L1080  481.65  480.07 5. 2461 «8554 .1336
2 .9827 .8920 1. 0011 .9128 <8664
2 1 L0458 L2190  475.95  472.46 4,3603 .8438 .2670
2 .9542 L7310 1.0073 .9101 .7330
3 1 .0527 L2330 . 475.25 471.12 4.1826 <8418 . 2895
2 L9473 L7670 . 1.0096 «9097 .7105
6 1 L0565 L2400 474,75 470445 4,0899 £8407 . 3008
2 « 9635 L7600 1.0109 29095 «6992
S 1 L0810 ,2570 473,85  469.70 3.9847 «8396 .3132
2 .9390  .7430 1.0126 .9093 «6868
6 1 <0917 L3070 471,25  465.74 3.3789 .8335 .3778
2 .9083 46930 1.0267 .9085 .6222
7 1 «1300  .3650 467,95 462.60 2.383702 «8286 . 4287
2 «3700 L6350 1.0498 «9082 - ,5713
8 1 .1570 43890  466.75  461.06 245393 «8261 L4541
27 3630 L6110 1.0692 .9082 5459
9 1 42180 L4310 464,35  453.65 - 2.0703 .8223 L4957
-2 7820 .56%0 . 1.1207 <9084 » 5043
10 1 «34620 .5090 461.35 455465 1.5511 «8176 «5561
2 6580 L4910 1.2522 w9095 © L4639
1 -1 « 4720 L5840 4538.85 453,50 1.2854 28143 w6147
2 .5281 L4160 . 1.4228 9116 .3853
12 1 .5360 ,6210 . 458.05. 452.68 1.2047 .8131 . 6454
2 « 4640 3790 : . 145197 «92132 » 3546

ERROR ON Y(1)= ABS(Y(1)=YE(1))/DATA POINTS= «0511

ERROR ON TEMPERATURE= ABS(T-TE) /DATA POINTS= - 4469




'TABLE 4.44. Comparision of Bubble T Results of Acetone(1)-

‘Water(2) System at Various Pressures

DATA POINTS P(ATM) AMD(P.RJIIN Y AMDCIDIIN Y DAMD

PR e T R T S L E L AR AL R R Rl bl llolold
12 «653 .0124 ' 0124 0000
13 1.000 .0138 0142 .0004
12 3.402 0220 0229 0009
11 6. 805 #0193 <0234 0036
13 13. 610 ' 0295 «0335 .0040

B8 17.010 0263 0310 . 0047
P.R.=PENG ROBINSON EQUATION DAMD=AMD(ID) -AMD(P.R4)
ID=IDEAL :

74

TABLE 4.45 Comparision of Bubble T Results of Ethanol(l)-

Water (2) System at Various Pressures

DATA POINTS PCATH) AMD(P.RJIIN Y AMDkID)IN Y DAMD

PTG PR TR IS UL DL DR LR LR LA d ot loldobahohdolaololol ol
12 « 929 0029 .0029 . 0000
15 - 1.000 «0036 0051 .0015
18 3.402 .0061 .0108 0047
18 6.805 .0407 a0478 .0071
13 13.610 20231 "«0360 0129
12 20.410 0313 04281 .0166
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TABLE 4.46. Bubble P Results of NitxOgen(l)-hrButane(Z)
. Binary System(15)
TEWPCRATURE=  310.95 <

AIVEN _ ’ CALCULATED

aTa CINP * YE . PE P GAMA | FHI Y
ANRANTANA ARFATAANL AWARRARAL &8 =& -t‘nainittti:*’it*titt*tttti"t'?‘::xﬁttttitt'
1. 1 LOP30 L7E9Y - 15,050 17 544 2.530N 1.0133 7743
' 2 TS L264Y . : 9997 o 7064 02257
2 1 L1210 L E0) 63.310 ~ 73.21: - ¢e3300 1.0129 «9137
2 e 37U L1113 , «?V1 b e 4369 Usu3
3 1 Joen L) 122,400 24,827 2.5800 1.0240 «9173
2 NER T B ENTE B . .9831 . . .3252 L0827
TREOR M Y (1)= ASS(YICT) =Y (1)/DATA POINTS=  .0188

FRROR 34 P= Aus(PL=P)/DBATA PCINTS= 124423

TABLE 4.47. Bubble P Results of Hydrogen(l)- n-Hexane(2)
Binary System(20)

TEWPERATURE= 277.59 K
GIVEN : CALCULATED

DATA COMP  , X YE PE P GAMA FHI Y

dededoddedde ok ded dede dede dedede o dede ot kde ke ek ke kk krhhhk ik bk dhdk ok dekdhdhkd kk ki dedede g dde Kk gk

1 1 .0230 .9950 34,000 17,474 19.6012 1.0055 9953
2 .9720 ,0040 A « 9996 «8851 . 0047

2 1 «0540 .9930 68,000 33,412 19.6012 1.0120 9974
2 .9460 L0020 « 9984 « 8067 .0026

3 1 .0780 .9980  102.000 47.893 19.6012 1.0191 . 9931
2 9220  .0020 «9966 o 7419 «.0019

4 1 .0990 .9980 136.000 60,356 19.6012 1.0261 . 9984
2 .9010 .0020 « 9944 6941 .0016

ERROR ON Y(1)= ABS(YE(1)-Y(1)/DATA -POINTS= .0005

ERROR ON P= ABS(PE-P)/DATA POINTS= 65,216
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5 CONCLUSION AND RECOMMENDATIONS

VLE predictions by UNIQUAC and UNIFAC equations are
generally in good agreement with the experimental data. However,
fromone system to anopher, one equation sometimes seemed to be
better than the other. But, the applicability of UNIFAC to a
wide variety of mixkxtures makes it superior to UNIQUAC.for
cdndensable systems. For noncondensable systems UNIFAC can not

be applied.

Even though vapor phase nonidealites at low pressures
are small and thus they can be neglected, they must be taken
into account for pressures higher than atmospheric for accurate
VLE predicﬁions. Peng-Robinson is a practical equation to use

for vapor phase nonideality predictions.

In conclusion, it can be said that accurate design
calculations can be performed either by UNIQUAC or by UNIFAC.
If interaction parameters can be predicted accurately for all
systems, UNIQUAC and UNIFAC will giye good results for all
systems. This, of ceurse, requires pientiful aceurate experi-

mental data for binary systems,
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Recently, UNIFAC has been modified (22,23). In modified
UNIFAC, temperature dependence is assumed for interaction
parameters and six adjustable parameters are used.for one binary
group combination. Also, modified UNIFAC has a different
combinatorial term; Because of the laﬁk of the binary Parameters,
it could not be applied in this study. However, VLENC prepared
in this study has an option to do calculations by modified

UNIFAC, if necessary data are given.

‘ For_further‘study,'it is récommended to apply modified
UNIFAC aﬂd compare the results with UNIQUAC and unmodified
ﬁNIFAC. It is,also, recommended to improve the thermodynamic
relations to express the behaviour of systems containing

noncondensable components.
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- APPENDIX A

ESTIMATION OF THE PHYSICAL PROPERTIES REQUIRED

~IN THE VLE CALCULATION

'A.l. Liquid Molar Volume:

Since the liquid molar volume is nbt usually known as
~a function of pressure, it is considered as only a function

of temperature and composition for‘engineering purposes. Since
the system pressures used in this study were quite lower than
the critical pressures, no appreciablé error was introduced by

'assuming that V?'in Eg.(2.11) is independent of pressure.

The liguid molar volume was calculated using modified

Rackett's equation(24,27):

e 7 | (A.1.1)

where
' 2/7 . _
e = 1+(1-T/T )" for T/T S 0.75 - (A.1.2)

\
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€ = 1.60+o.00693026(T/Tc-o.GSSY’l for T/T 3 0.75 - (A.1.3)

The saturated molar liquid volume and its temperature derivative

are continous at T/T, at 0.75.

Here Za is the modified compressibility factor proposed
by Rackett. YDATAPP has a list_of values of Za for a large

number of liquids.

A.2. Saturation Vapor Pressure

The vapor pressure of components are predicted by using

Antoine vapor pressure :

"1n P?
i

1]
@]
—

(3.2.1)

Here Pi is in mmHg and T in K. The values of Cl;Cz, and C3
are listed for a large number of liguids in literature |25].

The file YDATAPP contains most of them.

A.3. Acentric Factor

Acentric factor w is a measure of the acentricity,i.e.,
the noncentral nature of intermolecular forces. Acentric factor

is defined mathematically by (26).
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s .
W= — log(Pr)T _ -1.000 . (A.3.1)

For simple fluids w®¥0 and for more complex fluids, w>0.

Here P° = P?/P ..
r i’ el



n-hexanel (1) -benzene (2) system at 350.46 K and X

(Table 4.12, 1lst point)

n-hexane :

. APPENDIX B

A SAMPLE CALCULATION OF ACTIVITY

COEFFICENTS BY UNIFAC

It is desired to obtain the activity coefficients

CH

3
benzene : ACH
ReHy = 0.9011
cny = 0.848
From

N
]

5 (1)
V
CH,

L (2)
VACH

= 2

6

Eq.(2.70), we obtain r and

2.0.9011+4.0.6744

6.0.5313 =

3.1878

4.4998

CH

0.6744

0.540

1= 0.0680.
(1) z
AY = 4
CH2
RACH = 0.5313
QACH = 0.400

g for the componets

for

84
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q,= 2.0.848+4,0.540 = 3.856

qz = 6.0.4 = 2~

By Egs.(2.57), (2.58) and (2.61)

o = 4.4998x0.0680 T = 0.0934

1 4.4998x0.068013.1878x0.932

¢, = 0.9066

, =
(1) (1) 1 2
In T =1In T (X = _= , X, = _%2)
cn, ' Ten, cHy T 3 CH, = 73
1
L % o0.848
ofl) - 3 = 0.440
CHy 1 . 2.
— % 0.848f—=—x 0.540
Ca2)
Oc, = 0-560
For pure n-hexane, form Eqg.(2.74)
1nrl) = 0.848 |1-1n(0.440+0.560) - | (2:22070.360,
3 0.440+0.560
. (1) _
In Py = 0.0

In réé) = 0.0

2
It is as‘expected because WCH3,CH2 :‘WCHZ,CH3 = 1.0

For the mixture at Xl = 0.0680
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X . 0.068X2 .',.‘ ...... ..‘-."
CH, .
773 0.068x210.068x410.932x6
Koy, = 0.0227
2 .
Xoy = 0.0453
2
Koy = 0.932
o . 0.0227x0.848
CHj ©0.0227.0.848+0.0453x0.54010.932x0.4
eCH3 = 0.0462
0, = 3.856x0.0680 - 0.1049
3.856.0.068012.4%0.932
0, = 0.8951
1, = 5.(4.4998-3.856)-(4.4998-1) = - 0.2808
1, = 5.(3.1878—2.4)—(3.1878—1) = 1.7512

Subtituting 9,051 and g into Eq.(2.69) :

C 0.0934 0.1049

Iny] = In + 5(3.856)1n — 0.2808
0.0680 0.0934 '
0.0934 :
676€§6n|0.0680.(—0.2808)+0.932.1.7512[
Iny] = 0.0598
CH,
CH,,CH, has the same main group : CH, = }CH2

CH
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Sd, a ,,CH 5 a = 0.0
CH, " 72 CH, CH,
“cu,,AcH ~ 61.13 K aACH‘,.CH2 = -11.12
From Eqg.(2.76) :
' : 61.13
¥ = exp |- —=—"— | = 0.83994
CH,,ACH  350.46
acH,cH, = exp |- 22212 | o 1 03224
350.46
OCH3 - 0.0587 : Opcg = 0-8951
From Eqg(2.74)
Inlo, = 0.848]1-1n(0.0462%0.058770.8951.1.03224)
3
_¢ 0.46210.0587 1
(0.046210.58770.89591.1.03224)
i ( 0.8951.0.83994 )
(0.0462.0.83994+0.0587.0.83994+0.8951)
1n FbH3 = 0.0890
Al“ I'oy = 0.0567
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From Eq(2.73)

1nyR = 2x(0.0890-0.0)+4. (0.0567-0.0)
1 |
1ny} = 0.4048
"1
| C R |
lnyl = lnyl 'i‘mlny2 = 0.0598+0.4048
Y, = 1.60

by following exactly same procedure for benzene

Y, = 1.00



APPENDIX C

PURE COMPONENT AND COMPONENT INTERACTION

PARAMETERS



TABLE C.1 UNIQUAC Pure Component Parameters

COMPONENT

-HYDROGEN
NITROGEN

OXYGEN

CARBON MONOXIDE
ARGON

METHANE

CARBON TETRACHLORIDE
CHLOROFORM
DIHLOROMETHANE
FORMIC ACID
NITRO-METHANE
METHANOL

CARBON DIOXIDE
CARBON DISULFIDE
_.TRICHLORODETHYLENE
ACETYLENE
ACETONITRILE
ETHYLENE
1,2~DICHLOROETHANE
ACETALDEHYDE
ACETIC ACID
ETHYL IODIDE
NITRO=-ETHANE
ETHANE

ETHANOL

DIMETHYL AMINE
ETYLENE GLYCOL
PROPYLENE
ACETONE

METHYL ACETATE
PROPIONIC ACID
1=NITRIPROPANE
"2=-NITROPROPANE
PROPANE
N=PROPANOL
I~PROPANOL
TRIMETHYLAMINE
BUTENE=1

- 2=BUTANONE
TETRAHY DROF URAN
DIOXANE

ETHYL ACETATE
N-BUTAVNE
I-BUTANE
N=BUTANOL ~
I-BUTANOL
SEC~3UTANOL
TERT=BUTANIL
DI-ETHYL ETHER
ETHYL CELLOSOLVE
DIETHYL AMINE
FURFURAL
PYRIDINE
ISOPRENE
CYCLOPENTANE
ISOPENTANE
N=PENTANE
CHLORO3ENZENE
YITRO~3ENZENE
BENZENE

PHEMOL

ANILINE
CYCLOHE XANONE
CYCLOHE XANE
HEXENE=1
YETHYLCYCLOPENTANE
CYCLOHEXANOL
METHYLISOBUTYLKETONE
N=BUTYL ACETATE
N=HEXANE
2,3-DIMETHYL BUTANE
TRIETHYLAMINE

R Q
.00 .00
<00 .00
.00 .00
. =00 .00
.00 .00
.00 .00

3.33 2.82
2.70 2.34
2.14 1.92
154 1.43
2.01 1.37
1443 1.43
1.32 1.28
© 2408 1,81
3.31 2.86
1.52 1.39
" 1.87 1.72
1.57 1.49
2.88 2.52
1.90 1.80
2423 2.04
2.84 2.38"
2.68 2. 41
1.80 1.70
2.11 1.97
2.33 2.09
. 2a61 . 2425
2425 2.02
2.57 2.34
2.30 2.58
2.90 2.58
3.36 2495
3.36 ‘2«95
2.48 2.24
2.78 2.51
2.78 2.51
2499 2.64
2.92 2.56
3.25 2.88
2.94 2.40
3.07 2.28
3,48 3.12
3.15 2.75
3.15 2,77
" 3445 3.05
3445 3.05
3445 3.05
3445 3.05
3.39 3.02
3.70 3.29
3.68 3.17
3.17 2.48
3,00 2.16
3.36 3.01
3.30 2.47
3.82 3.31
3.82 3.31
3.79 2.86
4413 3.14
3.19 2.40
3455 2.70°
3.72 2.82
4.07 3.11
" 3.97 3.01
4,27 3.64
"3.97 3.01
4,27 3.51
4 .60 4,03
4,83 4,20
4450 3.86
4,50 3.86
4,26

. 501

... Continued
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TABLE c.1l Continueg s

TOLUENE

METHYL CYCLOHEXANE
N=HEPTANE

STYRENE

ETHYL BENZENE
M=XYLENE

0-XYLENE

P=XYLENE

N-OCTANE
224~TRIMETHYLPENTANE
N=-DECANE
N=-HEXADECANE
HYDROGEN CHLORIDE
WATER

HYDRIGEN SULFIDE
AMMONIA

SULFUR DIOXIDE
‘ANISOLE
ACRYLONITRILE
VINYL ACETATE

COMPONENT

dATER
METHANOL
ETHANOL -
N~PROPANOL
I-PROPANOL
N=BUTANOL
1-BUTANOL
SEC=-BUTANGL
TERT=~BUTANOL
CYCLOHEXANOL

21.92
4.6k

5.17.

4,37
4.60
4,66
466
4,66
5«85

5.85 "

7.20
11.24
1.00
0.92
1.00
1.00
1.55
4,17
2431
3.25

2.97
3.55
4,40
3.30
3.51
3.54
3.54
3.564
4,9
4,96
6,02
9.26
1.00
1440
1.00
1.00
1.45
3.21
2,05
2. 990

.91



92
TABLE C.2 UNIQUAC Interaction Parameters

COMPONET 1 . COMPONENT 2 AC1,2) AC2,1)

ACETONE ACETIC ACID 461.81 =262.30
ACETONE ACETONITRILE =1764.38 261.53
ACETONE " BENZENE : -115.95 2534647
ACETONE CHLOROFORM ~147 .83 70.560
ACETONE CARBON DISULFIDE 103.91 157.31
ACETONE CARBON TETRACHLORIDE -92.32 246,58
ACETONE _ o ETHANOL 406 .49 -131.25
ACETONE , FURFURAL : -101.30 195.63
ACETONE S METHANOL : 359.10 -=95.90
. ACETONE - N~HEXANE : -33.08 261.51
ACETONE © N=PENTANE - ~22.83 266,31
ACETONE =~ VINYL ACETATE i T =82,.43 110.60
ACETONE WATER o 466436 ~56.91
ACETONE . HYDROGEN 218.00 3.23
ACETONE - CARBON MONOXIDE ' 403,00 48
ACETOME : , METHANE : ; 471.00 -.26
ACRYLONITRI ACETONITRILE 573.80 = ~263.76
ACRYLONITRIL - WATER 575458 141 L7
ACETIC ACID ACETALDEHYDE R -212.77 458,43
ACETIC ACID ' CHLOROF ORM ~98 .44 346443
ACETIC ACID " ETHYL ACETATE =214.39 426,54
ACETIC ACID : ETHANOL 244,67 -210.53
ACETIC ACID FORMIC ACID 241 .64 -144.58
ACETIC ACID _ N=-BUTANOL : 5646.63 ~296.30
ACETIC ACID N~HEPTANE -8.49 342,57
ACETIC ACID : N=PROPANOL _ 445,77 299.33
ACETIC ACID : TOLUENE o ~67.91 298.09
ACETIC ACID VINYL ACETATE . =140.18 360.56
ACETIC ACID WATER 518.98 ~296425
ACETALDEHYDE e VINYL ACETATE -117.74 243.51
ACETONITRILE BENZENE ~40.70 229.79
ACETONITRILE : CARBON TETRACHLORIDE -40,.18 458,86
ACETONITRILE ETHANOL 430,51 T 68,72
ACETONITRILE N-HEPTANE 23.71 545,79
ACETONITRILE WATER 294 .10 61.92
ANILINE METHYLCYCLOPENTANE . 54,36 2238.71
. ANILINE - _ N~HEXANE 34.82 283,76
ANISOLE ' METHANOL 782.28 -43,39
BENZENE ‘ 2=BUTANONE _ 185455 -144 .21
BENZENE - CHLOROQFORM -121.79 83.58
3ENZENE ' CARBON TETRACHLORIDE 43,39 =37.52
BENZENE CYCLOPENTANE » 32.15 15.19
BENZENE CYCLOHEXANE -16.85 66.35
BENZENE : DIOXANE =197.65 363,738
JENZENE ETHYL ACETATE - =192.00 248,71
BENZENE ETHANOL 947.20 =-138,70
BENZENE . FURFURAL -85.00 193.72
BENZENE _ I=-BUTANOL 861.06 ~162.39
BENZENE : . I~-PROPANOL 854 .75 ~145,52
BENZENE METHYLCYCLOPENTANE -6.47 56,47
3ENZENE METHYL ACETATE -207.37 278,33
BENZENE METHANOL 912 .61 ~50.58
BENZENE N=-BUTANOL 928.90 -181.24
BENZENE . N-HEPTANE : =-32,03 87.5%
3ENZZINE N=HEXANE -77.13 132,43
3ENZENE . N=PROPANOL 928,50 -155.10
SENZENE _ 1-NITROPROPANE : ~246.81 535.16
3ENZENE 2=NITROPROPANE =344 .15 L7946 .91
BENZENE NITRO=ETHANE 46,05 16461
BENZENE ~ NITRO=METHANE o 163.25 8.34
BENZENE : SEC=5UTANOL -168,.83 784,99

BENZENE - — TERT-BUTANOL - -165.40 . 746.89

... Continued



TABLE C.2

BENZENE ~
3ENZENE

BENZENE

BENZENE

BENZENE

BENZENE

2-BUTANONE
2-BUTANONE
2-BUTANONE

- 2=BUTANONE

CHLOROF ORM
CHLOROF ORM
CHLOROFORM

CHLOROF ORM
CHLOROFORM
CHLOROFORM

CARBON DISULFIDE
CARBON TETRACHLORIDE
CARSON TETRACHLORIDE
CARBON TETRACHLORIDE
CAR30ON TETRACHLORIDE
CARBON TETRACHLORIDE
CARSON TETRACHLORIDE
CARBON TETRACHLORIDE
CARSON TETRACHLORIDE
CARBON TETRACHLORIDE
CAR3ON TETRACHLORIDE
CARBON TETRACHLORIDE

CARBON TETRACHLORIDE

CARBON TETRACHLORIDE
CYCLOHE XANE
CYCLOHEXANE
CYCLOHEXANE

CYCLOHE XANE
CYCLOHEXANE
CYCLOHEXANE

CYCLOHE XANE
CYCLOHEXANE
CYCLOHEXANE

CYCLOHE XANE
1,2-DICHLOROETHANE
DIETHYL AMINE
PI-ETHYL ETHER
DIOXANE
2,3-DIMETHYL BUTANE
ETHYL ACETATE

ETHYL ACETATE

ETHYL ACETATE

ETHYL ACETATE

ETHYL ACETATE

ETHYL ACETATE

ETHYL ACETATE

ETHYL ACETATE
ETHANE
ETHANOL
ETHANOL
ETHANOL
ETHANOL
ETHAYOL
ETHANOL
ETHANOL
ETHANOL
ETHANOL
ETHANOL -

Continued

224=-TRIMETHYLPENTANE

TOLUENE

WATER

HYDROGEN
CARBON MONOXIDE
METHANE
METHANOL

N=HEP TANE
TOLUENE

WATER

CARBON TETRACHLORIDE

ETHYL ACETATE
ETHANOL -
FORMIC ACID
METHYL ACETATE
METHANOL
METHANOL

"CYCLOHEXANE

ETHANOL

FURFURAL
METHYLCYCLOPENTANE
METHANOL '
N-BUTANOL
N=HEPTANE
N=PROPANOL
1-NITROPROPANE
2=NITROPROPANE
NITRO-ETHANE
NITRO-~METHANE
TOLUENE

ETHANOL

FURFURAL
METHYLCYCLOPENTANE
METHANOL

N~-BUTANOL

N=HEXANE
N=PROPANOL
NITRO-METHANE
224=TRIMETHYLPENTANE
T OLUE NE

ETHANOL

METHANOL

ETHANOL

WATER

METHANOL

ETHYL BENZENE
ETHANOL

FURFURAL
I-PROPANOL
METHANOL
N=PROPANOL

TOLUENE

WATER

N=HEPTANE

HEXENE=1

METHYL CYCLOHEXANE
METHYLCYCLCPENTANE
METHYL ACETATE
METHANOL

N=DECANE

N=HEPTANE

N-HEXANE

N=0CTANE .

_ N~PROPANOL -

=35a12
=220,.57
2057 .42
810.00
1062.00
473.00
803.49
-75'-1 3
-82.,85
622.84
-47.33
24.16
888.68
461,38

121417

926.31
116649
124,50
1583 .69
476,85
161.96
1127.95
1248.17

88.20
1075.47
267.13
307.25
295.06
398,40
~168.53
1269.49
265 .87
164,37
13664.12
1360.84
172.73
1364 .65
517..19
~105.65

83.67
787.17
676442
733.67
927 .26

- 1463.90

183.96
571.73
-19.15
522.07
579.61
539.64
309.41

1081.40
264 .89

-107.26

-117157_

-118.27
-130.78
-292 .39
=127.48
=838 .48
-108,.93
=123.57
210495

93

91.55
330,59

S 115.13

1.97
-1.04
=e33
-164.22
242453
123.57
=55.39
76409

-119.49

-203.03

"90.36
-187.87
-143.50

138.15
-101.32
“143.53
-100.642
-129.21

-29.64

-188.77
-59.13

"=186.06

-95.58
-134.32
73.06
.Sg
203.67
-113.7¢
46,32
-118.32
6.2
-217.32
~145.56
-168.39
105.31
128.20

44,34

-106,36
-376.33
-179.32
-323.70
-7-18
-137027
-167.61
48.52
=190.57
-107.54
=190.31
-2164.26
=222.32
-112.51
1222.95
1360.56
1383.93
573.43
660.19

1254 .55

1180.60C

- 146441,57

1354.92
-67.70
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TABLE C.2. Continued

ETHANOL

ETHANOL

ETHANOL

FURFURAL

FURFURAL

FORMIC ACID
I-PROPANOL
I-PROPANJL
I-PROPANOL
I-PROPANOL
 METHYLISOBUTYLKETONE
METHYLISOBUTYLKETONE

METHYL CYCLOHEXANE -

METHYLC YCLOPENTANE
METHYLCYCLOPENTANE
METHYL ACETATE
METHANDL
METHANOL
METHANOL
METHANOL
METHANOL
METHANOL
METHANOL
N-BUTANE
N-BUTANE
N=BUTANOL -
N-BUTANOL
N-BUTANOL
N=BUTANOL
N=-BUTANOL
N-DECANE
N-DECANE

N-HEP TANE
N=HEP TANE
N-HEXANE
N-HEXANE
N=HEXANE
N=HEXANE
N-HEXANE
N~HEXANE
N=HEXANE
N-OCTANE
N-OCTANE
N-OCTANE
N=PENTANE
N-PROPANOL
N~=PROPANOL
N=PROPANOL
NITRO-ETHANE
NITRO=E THANE
PROPANE
PROPIONIC ACID
224=TRIMETHYLPENTANE
TOLUENE

VINYL ACETATE
WATER

AATER .
"HYDROGEN ) -~
HYDR OGEN
HYDROGEN

. NITROGEN

NITROGEN
CARBON MONOXIDE

METHANE

224-TRIMETHYLPENTANE
TOLUENE

‘W ATER

224~TRIMETHYLPENTANE
TOLUENE

WATER -

N=DECANE

. N=HEPTANE

N=-QCTANE
224=-TRIMETHYLPENTANE
METHANOL

PROPIONIC ACID

TOLUENE -
N=HEX ANE
TOLUENE

METHANOL

- N=HEPTANE

N=HEXANE"
TOLUENE
TRIETHYLAMINE

- WATER

HYDROGEN
CARBON MONOXIDE
NITROGEN
METHANE
N=DECANE

N=HEPTANE

N-HEXANE

"N-OCTANE

WATER
N=PROPANOL
METHANE
N-PROPANOL
TOLUENE
N=-PROPANOL
2-NITROPROPANE
NITRO-ETHANE
TOLUENE
HYDROGEN
NITROGEN
METHANE
NITRO-ETHANE
PROPIONIC ACLD
CARBON MONOXIDE
METHANE
NITRO-ETHANE
TOLUENE

WATER
224-TRIMETHYLPENTANE
WATER

METHANE

WATER

TOLUENE

WATER

WATER

HYDROGEN
NITROGEN
NITROGEN
CARBON MONOXIDE
METHANE

CARBON MONOXIDE
METHANE

. =103.21 .

-103.87
"'71 .06
-63 l1 9

264,12

924,01
=207 .27
-173.79
=-1938.06

688,03

136.46

210.35

162.13

89.77
516.12
.6 ,84
=266

-27.12
-186.66

218.00
. 552.00

814,00

731.00
~251.11
-159.24
=236.21

30464
1137.20

150.00
1083.59
"108.2¢4
1311.01

252.20

230464 .

220.93
-4 -00
336400
94,00
333,48
556412
1878.00
509.00
=94 ,39

" =195.40

- 23.26
920.08
604 .00
433,89
-2-88
1371.36
1541.72
-880,00
913.00
.00

.00

«00

-00

.00

.00

94

1643.34
805.83
387.38
385.84

74,87
~525.35

1074.76

1243,35

1107.44
994,39

-105.94

=134.19 -

-138.34
"103005
"'95 .31

1325.39

1636.05
872.31
664,29

148227
3.9‘
«33
=157 .
=2.05

1430.77

1291.98

1370.74

1098.31

1098.236

-201.32

~e24

-133.20
-3.38
-1.32
574422
813.34
587.138
2364438
133.44

—2-01

-1664457

19.29
305,71
130.95

9.97
3-?6
.00
.J0
»200
00
«30
«J0




TABLE C.3 UNIFAC Functional Group Parameters

WAIN-GROJP SU3 GROUP - NO R " a

v tngj cH3 1 .9011. .848
N i CH2 2 67464 540
CH 3 bl 9 228
‘ _ ¢ 4 " .2195 .000
2 c=¢ © CH2=CH 5 1.3454 1.176
CH=CH 6 1.1167 . e 867
CH2=C 7 1.1173 .983
cH=C 8 .8386 L676
, c=cC 9 6605 485
3 ACH ) ACH 10 5313 . 400
: AC 11 23652 .120
4  ACCH2 ACCH3 12 1.2663 .968
‘ ACCH2 13 1.0396 . 660
ACCH - 14 .8121 <343
5 oH o 15 1.0000 1.200
6  CH30H _ CH30M 16 1.6311 1,432
7 H20 H20 17 0.92 1,40
3 ACOH. ACOH . 48 .. - ...8952 - .680
9  CH2CD ' CH3CO 19 1.6724 1,488
CH2CO 20 1.4457 1.180
10 cHO CHO 2 .9980 943
.11 ccoo " cH3C00 2 1.9031 1.728
. CH2C00 23 1.6764 1.420
12 Wcoo HCO0O 24 1.2420 1,188
13 CH20 CH30 © 25 1.1450 1.083
CH20 26 0.9183 0.780
CH=0 27 0.6908 0,468
FCH20 28 0.9183 1.100
14 CNH2 CH3NH2 29 1.5959 1.560
CH2NH2 30 1.3692 1.236
CHNHZ 31 1.1417 0.924
15 CNH CH3NH . 32 14337 1. 244
CH2NH 33 1.2070 n.936
CHNH 34 0.9795 L6246
16 CCI3N CHIN 35 1.1865 0.940
CHZN 36 0.9597 0.632
17  ACNH2 ACNH2 37 1.0600 0.816
18, PYRIDINE C5SHSN 38 2.9993 2,113
CSHAN 39 2.8332 1,833
CSH3N 4 2.,6670 1.553
19 cCN CH3ICN I 1.8701 1,724
CHZ2CN LZ‘ 16434 1.616
20 COOH COOH 43 1.3013 1,224
HCQOH [ 1.5280 1.532
21 ccL - CH2CL 45 14656 1.264
. CHCL 46 . 1.2380 0,952

ccL 47 . 1.0060

0.724

- - ' ... Continued



"TABLE C.3
22 ccL2

23 ccL3

24 ¢cCLS

25 ACCL

26 CNO2

27  ACNO2

28 €S2

29 CH3SH

30 FURFURAL
31 DOH

32 1

33 BR

3, ¢ ¢

35 ME2SO

36 ACRY

37 cLcC

38 ACF

39 DMF

43 CF2

fContinuéd

CH2cCL2
CHCL2
ccL?

CHCL3
ccL3

ccLs
ACCL
© CH3NO2
*  CH2NO2
- CHNO2
ACNO2
cs2

CH3SH
CH2SH.

FURFURAL
(CH20H)?Z2

g

55

48
49

57

51
52

53

564

57
58
59

60
61

62
63
64
65

66
67

68
69
70
71

72
73

74

76

2.2564
2.0606
1.8016

2.8700
246401

3.3900
1.1562
2.0086

1.7818
15544

S 1.4199

2.0570

1.8770
1.6510

3.1680
2.4088

1.2640

09492

1.2920
1.0613

2.8266
2.3144
0.7910
0.6948

3.0856
246322

144060

1.0105
€.6150

1.988 .

1.684

C1a4L38

2.410

2.184

2.910
0.8644
1.868
14560
1.2438
1.104
1.659

1.676
1.368

2,481
2,248
0.992
0.832

1.0838
0.784

2.472
2.052
0.724
0.524

" 2.736

2.120

1.380

0.720
0.460

96



TABLE C.4

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

32
33
34
35
36
37
38
39

40

UNIFAC Functional Group Interaction Parametérs

GROUP MR 2 3 4 5 6 7

cH2 00 -200.00  61.13 76450 98650  697.20 1318.00
c=¢ 2520.00 .00 340,00 6102.70 639,90 1509.00  634.20
ACH -11.12 296,78 .00 167.00 636.10 637.40  903.30
ACCH2 ~69.70 =269.70 -146.80 .00  803.20 603.30 5695.00
OH 156.40 8694.00  89.60  25.82 .00 -137.10 353,50
CH30H 16,51 =52.39 =50.00  -44,50 249.10 .00 ~181,00
H20 300.00 692.70 362.30  377.60 =229.10 289,60 .00
ACOH 310,00 9999.99 2043.00 6245.00 =533.00 9999.99 -540.60
CHO 505.70 9999.99 9999.99 9999.99  =406.80 =340.20 - 232.70
ccoo 114.80 - 269.30 85.84 =170.00 245.40 249,60 9999.98
CH20 83.36  76.4hb 52413  65.69 237.70 339,70 <=314.70
CNHZ -30.48 794,00 =-46.85 9999.99 =166.00 -481,70 =330.40
CNH - 65439 - —=41¢32-- - =22,31---223,00 150,00 -530.40 =-448.20
ACNH2 5339.00 9999.99  650.40 979.80 529.00 S.18 =339.50
cCcH 26,82 34,78  =22.97 =138.40 185,460 157.80 242.80
COOH 315,30  349.20 - 62,30 268.20 ~-151.00 1020.00 =66.17
ccL 91,66 =24.36 4.68 122.90 562.20 529.00 693.20
ccw2 36,01 =52.71  121.30 9999.99  747.70  669.90 708,70
ccLs 36,70 =185.10 288.50 33,61 742.10 649,10  826.80
ccLe =78,45 =239.70  =4.70 134,70 856,30 86010 1201.00
AcCL -141,30 =203.20 =237.70 375.70 246.90 661.60  920.40
o2 232,69 =49.92 1033  =97.05 341.70  252.60  417.90
ACND2 §541.00 9999.99 1825.00 -127.80 561.60 9999.99 360,70
(cHN -83,98 . =188.00 =223.90 =109.90  28.60 =-406.80 =598.80
HC 0D 90.49 91,65 9999.99 9999,99  191.20 155.70 9999.99
1 128.00 9999.99  58.68 9999.99  501.30 9999.99 9999.99
BR ~31.52 9999.99  155.60 291.10 721.90 9999.99 9999.99
CH3SH “7.48 9999.99  28.41 9999.99  461.60 382,80 9999.99
FURFURAL  =25.31 9999.99 157.30 404,30 521.60 9999.99 - 23.48
PYRIDINE =101.60 9999,99 31,87 49,80 =132.20 =-378,23 =332.90
DOH 140,00 9999.99 221.40 150,60 267,60 9999.99 .00
CH2CO 26,76  =89.92 160,10  365.80 164.50 105.70  472.50
cs2 52,65 16,62  21.50 . 40,68 823.50 914,20 1081.00
c ¢ -72.88 =184.40 9999.99 9999.99 9999.99 9999.99 9999.99
ME250 50,49 9999.99  -2.50 =143,2]3 -25.37 695,00 =-240.00
ACRY “165.90 9999.99 9999.99 9999,99 9999.99 9799.29  386.60
cLee 41,90  =3.17  =75.67 9999.99  540.90 726.70 9999.99
ACF -5.13 9999.99 =237.20 =157.30 649.70  645.90 9999.99
DMF =31.95  37.70 =133.90 -240.20  64.16 172,20 =-287.10
CF2 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99

147.30

[

2789.00

9999.99

1397.00

726,32

286.30
9999.99
642,00
.00
9999.99
853.60
9999.9%

9999,.99

9999.99

9999,99
9999.99
9999.99
9999.99
9999.99
9999.99
1616.,00
9999,99
9999,99
9999,99
9999,99
9999.99
9999,99
9999.99
9999.99
9999.99
-222,20

523.00
9999.99
9999.,99
9999.97
9999.99
9999.97

9999.99

1 9999,99

9999.97

9999,99

++. Continued




TABLE C.4 Continued

1
2
3

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

CH2
c=¢C
ACH
ACCH2

OH

CH3OH
H20
ACOH
CHO
ccoo
cH20
CNH2
CNH
ACNH2
ceN
COOH
ceL
ceL2
ceLs
ceLs

ACCL

“CNO2

ACND2
(C3IN
HCOO

I

BR

CH3SH
FURFURAL
PYRIDINE
DOH
CH2CO
€s2

cc
ME2S0
ACRY
cLCC

ACF

DMF

cF2

9999.99

© 9999.99.

9999.99

9 10 11 12 13 14
677.00 23210 251.50 391.50  255.70 1245.00
9999.99  71.23  289.30 396,00 273.60 9999.99
9999.99 5.99  32.14 161.70 122.80  668.20
9999.99 5638.00 213.10 9999.99 -49.29 - 764,70
441,30 101.10 28,06  83.02 .  42.70 =348.20
306,40 =10.72 ~180.60 359.30  266.00  335.50
=257.30 14,42 540.50  48.89 168.00 5213.00
19999.99 =713.20  9999.99 9999.99' 9999.99 - 9999.99
00 9999.99 306,10 9999.99 9999.99 9999.99
.9999,99 .00 =-235.70 9999.99 =73.50 9999.99
-7.84  461.30 .00 9999.99  141.70 9999.99
9999.99 9999.99 9999.99 .00 63.72 9999.99
©9999.99 136,00 =-49.30  108.80 .00 9999,99
9999.99 9999.99 9999.99 9999,99 9999,99 .00
9999.99 =266.60 9999.99 9999.99 9999.99  617.10
9999.99 =256.30 338,50 9999.99 9999.99 9999.99
“47.51 9999.99 225.40 9999.99 9999.99 9999,99
9999.99 =132.90 ~-197.70 9999.99 9999.99 9999.99
9999.99 176,50 =-20.93 9999.99 9999.99 9999.99
9999.99  129.50 113.90 261.10 91.13 1302.00
9999.99 =266.30 9999.99 203,50 =-104.80 323.30
9999.99 9999.99  =94.49 9999.99 9999.99 9999.99
9999.99 9999.99 9999,99 9999.99 9999.99 5250.00
9999.99 9999.99 9999.99  33.99 9999.99 9999.99
9999,99 =261,10 9999,99 9999.99 9999.99 9999.99
9999.99  21.92  474.60 9999.99 9999.99 9999.99
9999,99 9999.99 736,40 9999.99 9999.99 9999.99
9999.99 9999.99  63.71  106.70 9999.99 9999.99
9999.99 =146.30 9999.99 9999.99 9999.99 9999.99
9999.99 9999.99 9999.99 9999.99 9999,99 9999.99
9999.99  152.00 9.21 9999.99 9999.99  164.40
-37.36 =213.70 5.20 9999.99 9999.99  937.90
9999.99  263.8  112.40 9999.99 9999,99 9999.99
9999.99 9999.99 9999.99 9999.99 9999.99 9999.99
9999.99 41,57 -122.10 9999.99 9999.99 9999.99
9999.99 9999.99 9999.99 9999.99 9999.99 9999.99
"9999.99  -18,87 =209,30 9999.97 9999.99 9999.99
9999.99 9999.99 9999.99 9999.99 9999.99  9999.99
1 9999.99 9999.99 =158.20 9999.99 9999.99  335.60
9999.99 9999.99 . 9999,99

-597.00
495,90
212,50

6096,30

6.71
J0e23
112.50

9999.99

9999.99
494,50

9999.99

9999.99

9999.99

-216.80
.30
9939.99
9999.99
9999.99
74,04
492.00
356.90
9999,99
9999.99
9999.99
9999.99
9999.99
9999.99
125.70

9999.79

"=169.70

9999.99
431,70
335.70
329.10

9999,39
-42.31
292,40

9999.97

9999.99

9999,99

98

633,50
730,40

537,43
603.82
2199,30
=239.53
-14,39
9999.779
9999.99
660.20
664,50
9999.99
9999,973

9999.99%

9999.99

.02
326,60
1821.90
1346,00
689,20
9999,99
9999.99
9999,99
9999,99
-356.32
9999.99
9999.99
9999.99
9999.99
-153.70
9999.97
669,40
9999.97
9999.99
3999, 97
9999.59
298463
9999.99
9999.99

9999.93
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TABLE C.4 Continued

GROUP 17 18 19 20 21 22 23 26
1enz 35.93 53.76 26,90 106,30 321.50  661.50 563,00  206.50
2 c=¢ 96.61 337.10 4583.00 5831.00 959.70 542.10 9999.99  658.53
3 ACH -18.81. =144,40 =231.90 - 3.00 538,20 168.10 194.90  90.¢9
4 ACCH2 ~114.10 9999.99  -12.14 =161.30 =126.90 3629.00 4448.00  23.50
500 75.62 =112.10 =98.12  143.10 287.50  61.11  157.10 =323.09
6 CH30H -38.32 102,50 =139.40 =67.80  17.12  75.16 9999.99  53.90
7 H20 325.40  370.40 353,70 497.50 678.20 220.60 399.50  304.0)
8 ACOM - 9999.99 9999.99 9999.99 4894.00 9999.99 9999.99 9999.99 9999.99
9 CHO 751.80 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99
10 ccoo 9999.99 108,90 -209.70 54.47  629.00 9999.99 9999.99 9999.99
11 cH20 301,10 137.80 -156.30 47,67 9999.99  95.18 9999.99 9999.99
12 CNHZ  9999.99 9999.99 9999.99  =99.81  68.81 9999.99 9999.99  =41.11
13 CNH 9999.99 9999.99 9999.99  71.23 4350.00 9999.99 9999.99 9999.97
16 ACNHZ  9999.99 9999.99 9999.99 8455.00 699.10 9999.99  =62.73 9999.99
15 CCN 9999.99 9999.99  =15.62 =54.86  52.31 9999.99 9999.99 9999,09
16 COOH wom bbb gb2 - =183.40 . 7675 - 211,70 9999.99 - 9999.99 9999.99 9999.99
17 ccL 00 108,30 249.20  62.42 464,40 9999.99 9999.99 9999,99
18 ccL2. ~84.53 .00 .00 56.33 9999.99 9999.99 9999.99 =-141.4D
19 ccL3 15710 .00 .00 30,10 9999.99 9999.99 9999.99 =293.72
20 ccLe 11.80 17,97 51.90 .00 475.80  490.90  534.70 -126.00
21 AccL ~314,90 9999.99 9999.99 =225.40 .00 -154,53 999,99  1085,0)
22 cNo2 9999.99 9999.99 9999.99  =34.68  79%.40 .00 533.20 9999.99
23 ACND2 9999.99 9999.99 9999.99 514,60 9999.99 =85.12 - .30 9999.99
26 (CHIN 9999.99  =73.87 =352.90  =3.28 =86.36 9999.99 9999.99 .90
25 HCOD 9999.99 9999.99 ~287.20 9999.99 9999.99 9999.99 9999,99 9999.99
261 9999.99  ~40.82 21476 43.49 9999.99 64,28 9999,99 9999.97
27 BR 1169.00 9999.99 9999.99  225.80 224,00  125.3). 9999.79 9999.99
28 CH3SH =27.94 9999.99 9999.99 9999.99 9999.99 9999.99 9999,99 9999.99

29 FURFURAL 9999.99 9999.99 483430 =133.20 9999.99 9999.92 9999.9% 9999.93

30 PYRIDINE 9999.99 =351.60 =114.70 =165.10 9999.99 9999.99 9999.99 9999.99

31 0OH 9999.99 9999.99 9999.99 9999.99 9999.99  4B1.30 9999.99 9995.99
32 cH2Co 191,70 -284.00 -354.60 -39.20 176,50 137.50 999,99 9999.99
33 €52 s =73.09 9999.99 -26.06 -60.71 9799.99 9999.99 9999.99 9999,99
36 ¢ ¢ 9999.99 9999.99 9999.99 9999.99 9999.99 176,60 9999.99 9999.99
35 ME2S0 9999.99 =215.00 ~=343.60 =58.43 9999.99 9999.99 9999.99 9999.99
36 ACRY 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999,99 9999,99
37 cLce 201,70 9999.99  85.32 143,20 9999.99 313.80 9999.99 9999.99
38 ACF 9999.99 9999.99 9999.99 =126.60 9999.99 9999.99 9999.99 9999.99
39 OMF 9999.99 999999 9999.99 -186.70 9999.99 9999.99 9999.99 999999

40 CF2 9999.99 9999,99

9999.99

9999.99 9999.9% 9999.99 9999.99 9999.99
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TABLE C.4 Continued

- - - - o S T A D o > - - > D - e P TS A L D D WS P S 4 - -

GROUP 25 26 27 28 29 30 B § 32
TH Mz L 741440 335,80 - 497.50  183.40  356.60  287.30 3025.00  476.40
2 c=¢  468.70 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 - 524,50
3ACH - 9999.99 113,30  =13.59  =10,43  -66u69  =L.50 210,40 25.77
& ACCH2 _9§§9.99 9999.99 ~171.30 9999.99 =20.36  52.30 4975.00 =52.10
5 oH ©.193.10  313.50 1334.00 147,50 -120,50 170.00 =319.30 34,00
6 cH3oON 193,40 9999.99 9999.99  37.84 9999,99 = 580,50 9999.99  23.39
7 H20 9999.99 9999.99 9999.99 9999.99 183.00  459.00 .00 =195,42
8 ACOH 9999.99 9999.99 9999.99 9999.99 9999.99 <-637.30 <-538.60 9999.99
9 CHO 99§?§99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 128,00
10 €00 372,90  148.30 9999.99 9999.99 202.30 9999.99 -101.70 372,20
11 cHzo 9999.99 =149.50 =-202,30  =8,56 ©9999,99 9999.99  =2G.11 52,33
12 CNH2 9999.99 9999.99 9999.99  =70.14 9999.99 9999.99 9999,99 9999,99
13 CNH 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.39 9999.99
14 ACNH2 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99  125.30 =399.10
15 ceH 9999.99 9999.99 9999.99  21.37. 9999.99 134,30 9999.99 -237.52
16 coon 312.50  9999.99 9999.99 9999.99 9999.99 =-313,50 9999.99 ~297.83
17 ccL  9999.99 9999.99 =125.90  59.02 9999.99 9999.99 9999,99  236.30
18 ccLz. 9999.99  177.60 9999.99 9999.99 9999.39 $87.30 9999.99  423.29
19 €CL3 488,90  86.40 9999.99 9999.99  =64.38 -13.98 9999.99  552.10
20 CCL6  ° 9999.99 247,80 41.94 9999.99 546,70 309.20 9999.99 372.00
21 AccL 9999.99 9999.99. =60.70 9999.99 9999.99 9999.99 9999.99  128.10
22 CNOZ  9999.99 306,30 10.17° 2999.99 9999.99 9999.99  139.30 =162.63
23 ACNO2 9999,.,99 9999,99 9999,99 9999.99 9799.,39 9999.99 9999,99 9979,39
26 (CIN 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99
25 HCOO _/ .00 9999.99 9999.99 4a36 9999.99 9999.99 9999.99 9999.99
26 1 9999.99 .00 9999,99 9999.99 9999,99 9999.99 9999.99 138,00
27 BR 9999.99 9999.99 .00 9999.99 9999.99 9999.99 9995.99 =142.60
28 CH3SH 9999.99 9999.99 9999.99 .00 9999.99 9999.99 9999.99  100.53
29 FURFURAL 9999.99 9999.99 9999.99 9999.99 .00 9999.99 9999.39 317,50
30 PYRIDINE 9999.99 9999.99 9999,99 9$999.99 9399.39 .00 9999.99  -51.54
31 D0H . 9999.99 9999.99. 9999,99 9999.99 9999.99 9999.99 .00 9999.99
32 cH2co 9999.99  53.59  245.20 -66.28 =-163.70 165.10 9999.99 © .00
33 ¢s2 9999.99 9999.99 9999.99 9999.99 .9999.99 9999.99 9999.99 303,70
36 ¢ ¢ 9999.99 9999.99 9999.99 9999.99 9999.99 9999,99 9999.99 443,60
35 ME250 9999.99 9999.99 9999.99  85.70 -9799.99 9999.99  535.80  110.43
36 ACRY -~ 9999.99 9999.99 9999,99 9999.99 9999.99 9999.99 9999.99 9999.97
37 cLce 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.39  -3.47
33 ACF 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99
39 DMF 9999.99 9999.99 9999.99  =71,00 9999.99 9999.99 =191.70  97.0¢

6.0 CF2 "?_999.99 9999499 9999.99 9999.99 9999.99 9999.99 9999.99 999,99
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TABLE C.4 Continued'

GrROUP 33 3 . .35 36 37 38 39 40
TUenz 155.60  298.90 - 526.50 639,00  -D.51  125.30  485.30  -2.85
2 c=¢ 76.30 523.60 9999.99 9999.99 237.30  9999.99 32040 9999.99
3 ACH 52,07 9999.99  169.90 9999.99 69.11  389.30 245.60 9799.97
4 ACCHZ ~9.45 9999.99 4284.00 9999.99 9999.99 101,40 5629.00 9999.99
5 OH 477.00 9999.99 =-202.10 9999.99  253.90 44,78 -143.90 9999.99
6 CH3OH ~  =31.09 9999.99 =399.30 9999.99 =21.22 - =48.25 =172.40 9999.99
7. H20 f 387.10 9999.99 =139.00 160.80 9999. 99 9999.99  319.00 9999.97
8 ACOH 999999 9999.99 9999.99 .9999.99 9999.99 9999.99 9999.99 9999,99
9 CHO 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99 9999.99
10, €coo 183.00 9999.99 52.08 9999.99 =23.30 9999.99 9999.%9 9999.99
11 cH20 . 140.90 9999.99  172.10 9999.99 145,60 9999.99 254,30 9999.99
12 CAH2 '9999.94 9999.99 9999.99 9999.99 9999.99 9999.99 9399.99 9999,99
13 CNH 9999.99  9999.99 9999.99 9999,89 9999.99 9999.99 9995.99 9999,99
16 ACNH2  9999.99 9999.99 9999.99 9999.99  9999.99 9999,99 . =293.10 9999,97
15 CCN 230.90 =203.00 9999.99 81.57 =19.14 - 9999.99 9999.99 9999.99
16 COOH - 9999.99 9999.99 9999.99 9999,99 ~90.87 9999.99 9999.99 9999.99
17 ccL 450.10 9999.99 9999.99 9999.59 =58.77 - 9999.99 9999.99 9999,99
18 ccL2 9999.99 9999.99 215,00 9999.99 9995.99 9999.99  9999.99 9995.97
19 ccL3 - 11660 9999.99  363.70 9999.99 =79.54 9999.99 9999.9% 9999.93
20 ccLs ©132.20 9999.99 337,70 9999.99  -86.85 215,20 495.50 9999.99
21 AccL 9999,99 9999.99 9999.99 9999.99 9999.99 9999,99 9999,99 9999.97
22 cNO2 9999.99  =27.70 9999.99 9999.99 48,40 9999.99 9999.79 9999.99
23 ACND2 9999.99 9999,99 9999.99 9999.99 9799.99 9999.99 9999.99 9999.99
24 (C3)N_ . 9999.,99 9999,99 9999,99 9999,99 9799.,%9 9999.,99 9399.%% 9399,979
25 HCOD 9999.,99 9999.99 9999,.99 92999,99 l9999.99 9999.99 999%.97 9999.93
26 1 9999.99 9999.99 9999.99 9999.99 9999,99 9999.99 9999.99 9999,93
z% 8r 9999.99 9999.99 9999.99 9999.99 9999.99 ~3999.99 93799.79 9999.59
23 CH3SH 9999.99 9999.99. 31,66 9999.99 9999.99 9999.99 78492 9995,99

© 29 FURFURAL 9999.99 9999.99 9999,99 99%9,99 9999,99 9999.99 9999.99 9999.99

30 PYRIDINE. 9999,99 9999.,99 9999.99 9999.99 9999.,99 9999.99 9999,9% 9999,99

31 DOH 9999.99 9999.99  -417.20 9999.99 9399.99 99§9.99 302.20 9999.99
32 CH2CO 216210 =246.690 =44,58 9999.99 =bbt,62 9999.99 -61.70 §999.99
33 €s2 0.00 9999.,99 9999.%9 979%9.99 =47.37 9999.99 9999.99 9999,99
346 C ¢C 9999.,99  0.00 9999.99 9999.99 9799.99 9999.99 =119.50 97999.99
35 ME2S50 9999.99 9?99.59 0.00 9999.99 9799.39% 9999.93 “97.71 9999.99
36 ACRY 9999.99 9999.99> 9999.99 0.00. 9999.99 9999.99 9999.99 9999.33
37 cLce - 167,90 9999.99 9995.99 9§99.99 0.00 9999.99 9%99.39 9979.99
38 ACF - 9999.99 9599.99 9999.99 9999,.99 999%,99 0.00 9999.§9 9999.99
39 OMF 9999;99 670  136.60 9999,99 9999.99 9999.99 - Uedl 9999.99%
40 CF2 9999,99 ‘9999.99 9999.99 9999,99 ‘9999.99 9999.99 9?99.99 .00

* 9999,99=NOT AVAILABLE



TABLE C.5 Peng-Robinson Interaction Parameters

COMPONENT 1

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

COMPONENT 2
METHANE
ETHANE
PROPANE
N-BUTANE

" N-PENTANE

N-HEXANE
N=-OCTANE
1-BUTENE

DEL(1.,2)




APPENDIX D

A SAMPLE OUTPUT OF MAIN PROGRAM VLENC

In this chapter, a sample of interactive use of VLENC
is given for acetone-methanol-water ternary system for one

data point.
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WHAT TY'E OF CALCULATION DO YOU NEED
(DEWT,SU T,DEWP,BUBP)

gua T o

ENTER THE NUMBER OF DATA POINTS

1

ENTER TH™ NUMBER OF COMPONENTS
3

ARE THE OJLE FRACTIONS STORED IN FILE “DATA" OR
WILL BE CGIVEN INTERACTIVELY
IF THEY RE IN "DATA"™ ENTER " 5 " OTHERWISE " 1 "

1

*xxxexrx COMPONENT ;NAMES T kd Tk ok odededh hd kkkk ok

THEZ NAMES ARE LISTED ACCORDING TO INCREASE
IN THE NUMBER OF CARBON ATOMS IN COMPONENTS

ENTER =T:1BLE= TO SEE COMPONENTS OTHERWISE ENTER-GG—-

TABLE
1YDROGEN NITROGEN

OXYGEN ' CARBON MONOXIDE
ARGON + METHANE .
CARBON TETRACHLORIDE * CHLORQFORM
JICHLOROM THANE _FORMIC ACID
VITRO-METHANE ) METHANOL

CARBON DI XIDE CARBON DISULFIDE
TRICHLOROETHYLENE ACETYLENE
'acETONITR LE _ . ETHYLENE

1,¢=DICHL ROETHANE ACETALDEHYDE
ACETIC AC O : . ETHYL IODIDE

HITRO ETH ANE , ETHAME

STHANOL - DIMETHYL AMINE
STHYLENE iLYCOL PROPYLENE

4CLTONE METHYL ACETATE
PROPIONIC ACID ' 1-NITRO PROPANE
SROPANE N=-PROPANOL
[-PROPANG. ‘ TRIMETHYLAMINE
JUTEME=1 - / : 2-BUT ANONE

TETRAHY DR OF URAN D IOXANE

ENTER =GC~ TO SEE THE OTHERS OTHERWISE ENTER —=0OKEY-

G

ZTHYL ACETATE N-BUTANE

[=3UTANE N=-BUT ANOL
I=3UTANOL : SEC-BUTANOL
TERT-QUTA: OL DI-ETHYL ETHER
VISTHYL A INE FURFURAL

SYRIDINE ISOPRENE

CYCLOPENT 4NE ISOPENTANE -
1=PENTANE CHLOROSENZENE
1ITRO-BENENE , : BENZENE

PHEINOL ANILINE

CYCLOHEXA 'ONE CYCLOHEXANE

HEXENE =1 METHYLCYCLOPENTANE
CYCLOHE XA AOL "ETHYLISOBUTYLKETONE
4-BUTYL A ETATE N-HEXANE
ds,3=-DIMET HYL BUTANE . TRIETHYLAMINE
TOLUEMNE : " METHYL CYCLOHWEXANE
N=HEPTANE STYRENE

e e amage .. R L e e MavVI_TMC



et BeEN Zahg
J=XYLENE
N~=0CTANE
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Al Give
P=-XYLENE
224-TRIMETHYLPENTANE

S S S A T e R T e D At D e o D 0 G D S U P A % e At T D R W 40 e O T e P TE G e W 48 OV D e Y WA MR o

ENTER =GI= TO SE- THE OTHERS
GO

OTHERWISE ENTER =-QOKEY=-

\- DfCANE

AYDROGEN CHLORIDE
HYDROGEN SULFIDE
SULFUR DI XIDE
ACRYLONIT® ILE

N-HEXADECANE
WATER
AMMONIA
ANISOLE

"VINYL ACETATE

e e 8 S o G D 6 R Ve D R O R G D M T WP S N A s e WP D O W TP S D AP A e T = =

ENTER THT NAME OF COMPONENT 1 )

ACETONE

ENTER TH'' NAME OF COMPONENT 2
METHANOL

ENTER TH " NAME OF COMPONENT 3
WATER

CHOOSE OM OF THE EQUATIONS FOR LIQUID PHASE NONICEALITY
1.UNIFAC 2.UNIQUAC 3.RAOULT 4 MODUNIFAC

ENTER THE NAME OF THE EQUATION

UNIQUAC

TC(1)= 5 841 PC(1)= 4646 ZAR(1)= 247

TC(2)= 52,6 PC(2)= 79.9 ZAR(2)= ,2318

TC(3)= 6V7.3 PC(3)= 217.6 ZAR(3)= ,233

NAME(1)= 'CETONE"

R= 2497 = 2.34 GP= 2 34

PUCT 2)= 359.%

PUCT 3)= 466.36

NAME(2)="ETHANOL

PU(2 1)= =96,.9

FJ(2 3)= =50.382

MAME(3)="ATER

PU(3 1)= =56.91

PIC3 2)= 143,27

PROGRAM TARTS ITERATION FOR BUSBBLET CALCULATION
* % & *****A‘***********‘**** *de ded dedk dede dede ke drdhk ok kk kk kk
ENTEP PR 'SSURE(IN ATM OR MM HG)

ENTER UNIT OF THE PRESSURE( ATM OR MM HG)

1. ATH

ENTER LI UID MOLE FRACTIONC(X) OF ACETONE AT DATA 1
.2

ENTER LLQUID MOLE FRACTION(X) OF METHANOL AT DATA 1
e

ENTER EX ERIMENTAL VALUE OF VAPOUR MOLE FRACTION
OF ACETINE IF AVAILABLE,IF NOT ENTER O
o0

ENTER EX ERIMENTAL VALUE OF VAPOUR MOLE FRACTION
OF METHANOL IFf AVAILABLE,IF NOT ENTER C
23 ’ :

ENTER EX'ERIMENTAL VALUE OF TEMPERATURE(IN K OR C OR F)
IF IT IS NOT AVAILASLE ENTER D
(TEMPEZRA TURES FOR ALL DATA POINTS MUST HAVE SAME UVIT)
ENTER UN T OF THE TEMPERATURE( K OR F OR C) )
337.95-K
T= 321.3718504402
T= 334.8 08617404
T= 335.5 37361331
T= 335, 5 52449305

.- A TA_ N AT A4 i vo— -
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NWUMBER U VAITA PULNII=]

DO YOU WANT THE LIST OF THE UNIQUAC PARAMETERS OF THAT
SYSTEM (YES OR NO) 7 :

THEY WIL BE LISTED IN FILE "ERESULT".
] '

DO YOU WANT CALCULATION WITH A DIFFERENT EQUATION FROM
UNIQUAC  USING SAME SYSTEM AND DATA YOU HAVE GIVENCYES OR NO)
YES : ' :

1-UNIFAC 2,UNIQUAC 3.RAQULT 4.MODUNIFAC

SNTER THE NAME

UNIFAC

TC(1)= 578.1 PCC1)= 66.4 ZARC1)= 247
TC(2)= 512.6 PCC2)= 79.9 ZAR(2)= .2318
TC(3)= 637.3 PCC3)= 217.6 ZAR(3)= .233

THE UNIF IC METHOD NEEDS FUNCTIONAL GROUPS OF COMPOUNDS
THE CHOILCE OF POSSI3LE GROUPS IS ARBITRARY AND LIMITED

WITH THE FOLLOWING GROUPS

CH3  CH2 CH CH2=CHCH=CH CH=C CH2=C ACH AC ACCH3

ACCH3 ACTH2 ACCH  OH CH3OH H20  ACOH CHO  CH3COOCH2CO0CH30
CH30 CH O CH=0 FCH20 CH3INH2CH2NH2CHNH2 CH3NH CH2NH CHNH ACNH2
ACNH2 CH3CN CH2CN COOH HCOOH CH2CL CHEL CCL  CH2CL2CHCL2 CCL2
CCL2 €M L3 CCL3 CCLA ACCL CH3NO2CH2ZNO2CHNOZ ACNO2 CH3N  CH2N
CHZN HCOO I 3R CH3SH FURFURPYRID DOH  CO  -NH cL

cL CH CO CH2CO ¢

ENTER THE NAME OF UNIFAC GROUPS IN COMPONENT ACETONE

CH3CO _

ENTER TH NUMBER OF GROUPS OF THIS KIND

1 ' :
ENTER TH™ NAME OF UNIFAC GROUPS IN COMPONENT ACETONE
CH3 : »
ENTER THE NUMBER OF GROUPS OF THIS KIND
1 , .
ENTER TH - NAME OF UNIFAC GROUPS IN COMPONENT ACETONE
END
THE UNIF € METHOD NEEDS FUNCTIONAL GROUPS OF COMPOUNDS
THE CHOILCE OF POSSIBLE GROUPS IS ARBITRARY AND LIMITED
WITH THE FOLLOWING GROUPS
CH3  CHZ  CH CH2=CHCH=CH CH=C CH2=C ACH  AC ACCH3 _
ACCH3 AC H2 ACCH OH CH3OH H20  ACOH CHO  CH3COGCH2CO0CH3O0
CH30 CHZ20 CH=0 FLH20 CH3NH2CH2NH2CHNH2 CH3NH CH2NH CHNH ACNH2
ACHH2 CHICN CH2CN COOH MHCOOH CH2CL CHCL CCL - CH2CL2CHCL2 CCL2
CCL2 CH L3 CCL3 CCL4 ACCL CH3NO2CH2NO2CHNO2 ACNO2 CH3N  CH2N
CHZN HCOD I B8R CH3SH FURFURPYRID DOH  CO NH L
. CH €O CH2CO € o
ENTER THE NAME OF UNIFAC GROUPS IN COMPONENT METHANOL
CH3O0H

ENTER THE NUMBER OF GROUPS OF THIS KIND
1 _ _
ENTER THF NAME OF UNIFAC GR0UPS IN COMPONENT METHAMNOL
END
THE UNIFAC METHOD NEEDS FUNCTIONAL GROUPS OF COMPOUNDS
THE CHOICE OF POSSIBLE GROUPS IS ARBITRARY AND LIMITED
WITH THE FOLLOWING GROUPS
CH3  CH2  CH CH2=CHCH=CH CH=C CH2=C ACH AC ACCH3

cA™  dAac N aam Ah. L. ABTAN A W TR YT AT AARFAPUEIAANATA



Avthns AL.H<C ALLH - Uh LHoun ncv ALuvn DL Y unJuvuuncgvounJu
CH30 CH’0 CH=0 FCH20 CH3NH2CH2NH2CHMH2 CH3NH CH2NH CHNH ACNH2
ACNH2 CH' CN CH2CN COOH HCOOH CH2CL CHCL - CCL CH2CL2CHCL2 CcCcL2
CCL2 CHLL3 CCL3  CCL& ACCL  CH3NO2CH2NOQ2CHNOZ ACNOZ2 CH3N  CH2N
CHZN "HCX0 I BR CH3SH FURFURPYRID DOH co NH cL

cL CH CO CH2CO C :

tNTER TH NAME OF UNIFAC GROUPS IN COMPONENT WATER

HZO :

- ENTER THE NUMBER OF GROUPS OF THIS KIND

1 -
ENTER TH NAME OF UNIFAC GROUPS IN COMPONENT WATER

END .
TASLEC(YT 11 1= 0.
TABLEC(T 1 1 2)= 26.76
TABLE(1 2 )= 108.7
TABLECT © 3 1)= 472.5
TABLE(T > 1 1)= 476.4
TABLE(1 "I 1 2)= 0.
TABLE(T 0 2 1)= 697.2 ..
TABLE(CYT ¢ 3 1)= 1318.
TAHLEC2 1 14 1)= 23,39
TABLE(2 1 2)= 16,51
TABLE(2 1 2 1)= 0.
TABLE(2 1 3 1)= =131,
TABLE(3 1 1)= =195.4
TASLE(3Z 1 1 2)= 300.
TABLE(3 1 2 1)= 289.6
TABLE(3 3 )= 0.

PROGRAM STARTS ITERATION FOR BUBBLET CALCULATION
Ahkhdhkdhhl khkhkhkkhkkkbhkhkhkhrhhkrhkhhhkhhkhkhhdhktikrkik ki
= 325.9138302877

T= 333.2714743085

T= 338.8 81975718

T= 338.8574513983

NUMBER O DATA POINTS=1

D3 YOU wANT THE LIST OF THE UNIFAC PARAMETERS OF THAT
SYSTENM ( JES OR NO) 2 ‘

THEY WILL BE LIST:D IN FILE "ERESULT".
NO

DO YOU W NT CALCULATION WITH A DIFFERENT EQUATION FRO™
UNIFAC USING SAME SYSTEM AND DATA YOU HAVE GIVENC(YES OR NO)
YES

1«UNIFAC Z,UQIGUAC 5.RAQULT 4.MODUNIFAC

ENTER Ti E NAME

EAQULT

TC(1)= 5 8.1 PC(1)= 464 ZAR(I)= ,247

TC(2)= 512.6 PC(2)= 79,9 7AR(2)= ,2318

TC(3)= $47.3 PC(3)= 217.6 TAR(3)= .238

PROGRAM TARTS ITERATION FOR BUBBLET CALCULATION
FREAK KK KR IR R REKER KK X XHR AL FEEHT R AAAKRF K Kk
T= 343,64 34370944

T= 350.2 12763293

T= 350.4423706407

= 350.6 29109649

NUMBER OF DATA POINTS=1

LY e D YT ALt AN AT E AN IR AT EFEATAYT PFPANRTTPTAYN AN e e — -
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DU TUU WAN! UALLULAILUN WLINM A UIFFEKEN) EWUALIUN  FRum’
RAOULT USING SAME SYSTEM AND DATA YOU HAVE GIVEN(YES OR NO)
ND _ ' ' :

DO YOU N ED ANOTHER CALCULATION (YES,NO)
NO ' . _

e T e e S TS e S s - - - —— o= we A m W W AP N A e W As e e WA e

THE RESU TS OF THE CALCULATION(S) ARE STORED
IN THE F LE "ERESULT"

THE RESULTS OF THE ITERATiONS IN THE CALCULATIONS
ARE STORI.D IN THE FILE  "PUTPUT"

ABLE( ) _ VLE CALCULATION RESULTS
1.ACETONE 2.METHANOL - 3.WATER
TYPE: 8UBT.

LIQUID PHASE NONIDEALITY IS CALCULATED BY UNIGUAC - EQUATION
VAPOUR PHASE NONIDEALITY IS CALCULATED 3Y PENG ROBINSON EQUATION

PRESSURZ=  1.000 ATH
GIVEN ' CALCULATED
DATA COMP X YE ©oTE T . GAMA FHI Yy £%
kdkdsdehik ik *************‘********‘************t****************** 222 E2EE SRR SR E R &3
1 1 .2000 .6000 337.95 336.51 2.3595 W9743 L5911 =1.43
2 .2000 .2300 1.2134 .9827 L2318 .79
3 .6000 L1700 1.2730 .9911 L1770 4.13
ERROR ON Y(1)= ABSCY(1)=YE(C1))/DATA POINTS= . 0089
ERROR ON Y(2)= A3SCY(2)~YE(2))/DATA POINTS= .0013
ERROR ON Y(3)= ABS(Y(3)=YE(3))/DATA POINTS=  .0070
ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= 1.4433
TABLEC ) VLE CALCULATION RESULTS
1.AC TONE 2.METHANOL 3.WATER
TYPE: 3UST
LIQUID PHASE NONIDEALITY IS CALCULATED BY UNIFAC  EQUATION
VAPOUR PHASE NONIDEALITY IS CALCULATED 8Y PENG ROSINSON EQUATION
PRESSUR"=  1.000 ATHM '
GIVEN ' , CALCULATED
JATA COMP X YE TE T GAMA FHI Y £%
IR FEE TSR LI EEELEIEIRERTEIEEELI SR IALEIELIELI AT RS2 R LRSI A REIELELIEZS S BRI RS RIR SRS AR SRR RS RS
1 1 .2000 .6000 337.95 339.86 2.0370 £97643 L5652 -5.63
2 .2000 .2300 : 1.0491 9830 .2231 -.84
3 .6970 L1700 1.2789 L9911 .2057 21.02
ERROR ON Y(1)= A3SCYC1)=YEC1))/DATA POINTS=  .0333

ERROR ON Y(2)= ABS(Y(2)~YE(2))/DATA POINTS= . 0019

e mm AN MO TN A ALVLTN. WP lTINN L ASTA__AATMYP SN NS . ———
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EXKKUK UN TLIJ)= ABDJAT\I/=TC\I/J/VUMIA FPULIN]D-— TRy

ERROR ON TEMPERATURE= ABS(T-TE)/DATA PCGINTS= 1.9075

TABLE( ) VLE CALCULATION RESULTS

1.AC: TONE - ~ 2.METHANOL ' 3.HATER.
TYPE: BUBT : o
CALCULATIONSMARE_FERFQRMED BY RAOULT"S LAW

PRESSUR E= 1.000 ATHM

GIVEN CALCULATED
JATA COMP X YE TE T GAMA FHI . Y 94

A'********************.‘k*** hhkddddhkhkhkhkhhdhkhhkhhkhhhhrhhkhhkhrhhhhrhhhkdhkhkhhhrhkhkhkrhbhhhik
1 1 .2000 .6000 337.95 351,44 1.0000 1.0000 L4021 =32.93
' 2  ,2000 .2300 1.0000 1.0000 .3362 45,19
3 -,6000 .1700 1.0000 1.0000 .2617  53.93

ERROR ON Y(1)= ASSCY(1)=YEC1))/DATA POINTS= ,.1979

ERROR ON Y(2)= ABS(Y(2)~=YE(2))/DATA POINTS= = ,1062

ERROR ON Y(3)= ABSCY(3)~=YE(3))/DATA POINTS= .0917
&+ .

ERROR ON TEMPERATURE= ABS(T=TE)/DATA POINTS= 13,4929

- s A . e e o e G A T S G WP S A ) P S O TR G P G TR G S T TR G T e e AP GG D G D A D AL GE G S G AN WD =S W We M TP W R e TS an Ve Y e G G W me
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APPENDIX E

DESCRIPTION AND LISTING OF VLENC AND ITS SUBROUTINES

1. Main Program VLENC
.

Interactively designed program VLENC organizes the
relationship among subroutines. It interactively reads, the
system's components, the type of calculations and options for
liquid phase nonideality calculations. Next, calling subroutine
INPUT, it transfers the pure component and binary interaction
parameters tq the subroutines of interest. For liquid phase
nonideality, it has mainly three options, UNIFAC,UNIQUAC and
modified UNIFAC. It is also able to make predictions with
Raoult's law. VLENC has the ability to reperform the calculations
with different equations representing the liquid phase

nonideality, without reentering the input data.

2. Subroutines DEWT,BUB T,DEWP and BUBP

These four subroutines perform dew boint temperature,
bubble point temperature, dew point éressure and bubble point

pressure calculations using the calculational methods described
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in Chapter 3. They interactively read regquired mole'fractions,
pressure of teméerature and; if available, the exéerimental
values of unknown/variables. The bure céméonent and interaction
parametérs 6f the system in interest are transferred through

the main program. Then, these subroutines calculate unknown

ﬁole fraétions and temperatufe or pressure by calling éubroutines
VAPS,CONST,FUGAC,RFUGAC,UNIQUAC or UNIFAC. At the end of the
calculations, they find percentage errors and absolute mean
deviations between predicted and expérimental values of unknown

variables. -

3. Subroutien VAPS

It calculates saturated vapor pressures by using Antoine

Equation as it is given in Appendix A.1l.

4., Subroutine CONST

CONST calculates the parameters of Peng-Robinson Equation
required for both in FUGAC and RFUGAC subroutines. If experimental%
data are not available for acentric factor, it calls function

ACEF in order to obtain a predicted value.

5. Subroutine FUGAC

It finds the fugacity coefficient of thecomponent in
interest by substituting c0m§réssibility factor Z, obtained

from subroutine ROOT into'Eq.(2.35).
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6. Subroutine RFUGAC

It calculates saturated fugacity coefficient for éure
component using Eqg.(2.34) by calling subroutine ROOT to

calculate compressibility factor Z, of that component. -

7. Subroutine UNIQUAC

It uses Eqg.(2.60) for condensable combonent activity
coefficient. For a noncondensable comﬁonent, it calls subroutine

RFUGNC and uses Eqg.(2.63).

8. Subroutine UNIFAC

It finds UNIFAC activity coefficients using Egs. (2.68)-
(2.76). It is not able to calculate activity coefficients of
noncondensable components. This subroutiné is also able to
find the activity coefficients of modified UNIFAC equation,

whenever interaction parameters are available.

9. Subroutine LMV

It finds liquid molar volumes using modified Rackett

Eguation as given in Qppendix A.2.
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10. Subroutine INPUT |

It reads and loads physcial broﬁerties of the components
in file YDATAPP, UNIQUAC parameters in file YDATAUQ, and
UNIFAC parameters in file YDATUM. It chooses the éarameters

of the system of interest by comparing the names of the components

with the names given in data files.

11. Subroutine OUT

It prints the names of components, the system conditions

and UNIQUAC or UNIFAC parameters of the system in interest.

12. Subroutine ROOT
It finds compressibility factor Z in Eq(2.23) both for

the mixture and for pure components using Newton-Raphson

iteration method.

13. Subroutine RFUGNC

It finds the hypothetical standar state fugacity. for

noncondensable components from Eq.(2.65)‘

14. Subroutine ACEF

Subroutine ACEF, finds the acentric factor of a component,

A
[
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which is.not.availablé;in'the data YDATAPP, by using the
’ - _

équatibn,givéh'in Appéndix'A;3.>

15. Subroutine FINDR- ... -

It finds the'qO&eénumber of the-UNIFAC group in interest
in data file_YDATUMg;'ﬁﬁii}j .




The Main Variables Used in the Programs -

ANTA,ANTB,ANTC Constants of Antoine eguation

DEL ‘ _Peng—Robinson_1nteraction parameter

FHI - . Fugaqity cdeffigient of_a component in solution.

fHS ' Sathration fugacity coéffic}eht’of.a‘puré_component
‘; GAMA' : b.:.‘éétivity coéffi¢ienf;,,“

HC V o 'ﬁen¥yfs. constant.

N - '1- ’_i'Nﬁmber of data points.

NN : e 'Nuﬁber Qf'gomponents

'_?;; jf'ﬁ;ﬂ"' Preséu€é;;ifi”
- PC - ' .Critiéal pféésﬁrev
S : §  Saturaﬁion vapor'pressure v
.Pu_’5 "’ .:  'UNIQUACLénérQQ intérécfioh'paramétér:
;, éX A | UNIQUAC strfaéé pafaméter:in combinatorial part
QPX ‘, UN;QUAC suffacé parémetér in resi;;al part. -
OB ‘ UNIFACYgréup surface paraméter
RX - UNIQUAC vélume.pafémefer
RB. o UNIFAC_grdup volumé parameter
R ’ 4
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T ' .Temperéturé

TABLE - - UNIFAC groué'interacﬁioﬁ'paraméﬁér

TC o | Critical témperatuﬁe

VL _ 'Liquid.molar volume -

X | Liguid.méle‘fraction N

e oepainartad Tigeid e frsction

:Yr . » Vépor holéifréction

YE . Exeperiﬁental ﬁole fractioq

-z o "Compxessibi;ity_factor -

".ZAR}a5{ ﬁ}§fmf1ﬁécketﬁfééﬁéﬁidnuﬁéfameﬁggi;?L.wf
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PROGRAM VLE(OUTPJTIDATAIYDATAPPIYDATAU:IYDATUMIERESULT'YLISTIPUTPUTIINPUTI
+TAPE2=YDATAPP,TAPE3=YDATAUQ,TAPEL=YDATUM, TAPEG=ERESULT, TAPEB=YLIST,TAPET=

IO

(e N el

55

BT il I PV S Y NSOty U S S

+PUTPUT,TAPES=DATA,TAPET=INPUT)
VAPQUR-LIQUID EQUILIBRIUM CALCULATIONS

PARAMETER (K=9)

PARAMETER (MMR=4)

DIMENSION RQ(63,2),DELCK,K),ZAR(K),COMP (53)
DIMENSION ANTACK) AANTBC(K) ,ANTC(K)

COMMON/CONV/ TC(K),PC(K)»OMEGA(K)

COMMON/UNIQ/ R(K),QC(K),QP (K),PY (<,K)
COﬂHON/UWIFAC1/RB(K,MHR)'QB(K;ﬁMR)'TABLE(63r63)rKOVT(K)
COMMON/UNIFAC2/ITAB(K,MMR) ,KAIR(K,MYR) ,JMNI(K)
COMMON NAME(K),LFED,TYPE

CHARACTER=*G6 COMP

CHARACTER#*35 COMN1,COMN2

CHARACTER+*20 NAME

" CHARACTER*Y LFED,TYPE,RDEC,DEC,HR,PTD

INTERACTIVE DATA INPUT SECTION

RD=0.

INFR=0

NRA=0 : ’

PRINT#*, 'WHAT TYPE OF CALCULATION DO YJU NEED'

PRINT#*, *(DEWT,BU3T,DEWP,BUBP) '

READC*,1) TYPE

PRINT#*,TYPE

FORMAT(A)

PRINT*,'ENTER THE NUMBER OF DATA POINTS'

READ®,N

PRINT#,N

PRINT#, "ENTER THE NUMBER OF COMPONENTS'

READ*,NN

PRINT*,NN

PRINT#*,'ARE THE MOLE FRACTIONS STORED IN FILE "DATA" OR '
PRINT#*,'WILL BE GIVEM INTERACTIVELY®

PRINT«," ' )

PRINT*,*'IF THEY ARE IN "DATA"™ ENTER " 5 " OTHERWISE " 7 "!
READ*,IC0D

PRINT*,' !

PRINT#*,10D )

CALL PFC('GET »"YLISTY)

PRINTH*, "*aarxwnse COMPONENT NAMES trvtkaanarkaranhanan’
PRINT+," !

PRINT#*,'THE NAMES ARE LISTED ACCORDING TD INCREASE '
PRINT*,'IN THE NUMBER OF CARBON ATOMS IN COWPONENTS '
PRINT»,* !

PRINT#, 'ENTER -TABLE-" TO SEE COMPONENTS OTHERWISE ENTER-GO-'

READ (*, ) HR
PRINT*,HR : :
IF(HR.EQ.'G0')GO TO. 485 : '

WRITE(*,445)

READ(8,*) TC1

DO 195 I=1,TC1 -
READ(8,12) COMN1,COMN2 ~
WRITE(*,12) COMN1,COMN2
AAA=1/20.0

JIK=1/20
IFC(JIK.NE.AAA)GO TO 175 -




(g M)

iz Nl

25

195
12

445
485

200

175
26
28

152

350
55535
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HKL lt\'l“:‘OD)

PRINT#*, "ENTER =GO~ TO SEE THE OTHERS OTHERWISE ENTER =-OKEY='
READ(*,1) HR '

PRINT#, HR . :
IFCHR.EQ."OKEY')50 TO 485 )
DO 25 J=1,3

PRINT+,"* ) .
WRITEC*»445)

- CONTINUVE

FORMAT(2(A35))

WRITE(*,445)

FORMAT(76(*="))

D0 200 I=1,NN

PRINT*, "ENTER THE NAME OF COMPOINENT *'.,1
READ(*,1) NAME(I)

PRINT*,NAME (1)

CONTINUE

" PRINTx,' !

PRINT*!'CHOOSE ONE OF THE EQUATIONS FOR LIJUID PHASE NONIDEALITY' .
PRINT+,'

PRINT*, "1 ,UNIFAC 2 UNIQUAC 3.RAO0JLT 4.MODUNIFAC '

PRINT=*,". '
PRINT#*,'ENTER THE NAME OF THC EQUATION '

" READ(*,1) LFED

PRINT+,LFED

IFCLFED EQ, "UNIFAC' .OR.LFEDJEQ, "MODUNIFAC*)GO TO 24
IFCLFED. EQ.'RAOULT') G0 TO 28

LFD=1

GO TO 152

LFD=2 .

Mu=0 ' _ -
IFCLFED. EQ.'HODUVIFAC')MU 1

GO TO 152 -

LFD=3

READ THE REQUIRED DATA BY CALLING SUBROUTINE INPUT
CALL INPUTCANTA,ANTB,ANTC,ZAR,DEL,LFD,NN,SCN,NRA,CINP)
CHOOSE ONE OF THE OPTIONS

IF(LFP,EQ.2 . AND.LFED.NE."MODUNIFAC®*)LFED="UNIFAC"
IFCTYPELEQ, "DEWT')GO TO 3

IF(TYPE .EQ. 'BUBT')IGO TO 4

IFCTYPE .EQ. 'BUBP*)IGO0 TO 5

IFCTYPE .EQ. *DEWP')GO TO 7

PRINT+*, '"THE NAME FOR CALCULATION IS WRONS,ENTER AGAIN'
GO TO 55

- CALL DEWP(N,YN,ANTA,ANTB,ANTC,DEL,LFD,ZAR,RD,MU,I0D,COMP)

60 TO 50

CALL DEWT(N,NN,ANTA,ANTB,ANTC,DEL,LFD,ZAR,RD,MU,10D,COMP)

GO TO 50

CALL BUBT (N,NN,ANTA,ANTB, ANTC,DEL,LFD,ZAR,RD-MU,10D,COMP)

G0 TO 50

CALL BUBP(N;VN:AVTAIANTBIANTCrDELrLFDIZARrRDrHUlIODICO”P)
IFCLFED.EQ."RAOULT') GO TO 350

PRINT#*,* ! : -
PRINT#,"'DO YOU WANT THE LIST OF THE *,LFED,'PARAMETERS OF THAT'
PRINT*,*SYSTEM (YES OR N3) 2 ! '
PRINT#,* °*

PRINT#*,'THEY WILL BE LISTED IN FILE "ERESULT",®

READ(*,1)PTD

PRINT*,PTD

IF(PTD.EQ."YES')CALL OUTCNN,1,COMP)

IFCLFED. EQ.‘RAOULT')HRITE(b:SSSS)

FORMAT(/,80('='),/,80C'_*))

........ - e WAL A A e b N
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49

5535

56

LECLINFRQUELSILU 10 4y

PRINT#,"' °*

PRINT%, " °*

PRINT#,'

PRINT+,'DO YOU WANT CALCULATION WITH A DIFFERENT EQUATION FROYW *

PRINT#*,LFED,* USING SAME SYSTEM AND DATA YDU HAVE GIVENCYES DR NO)®

READ(+,1) RDEC.

PRINT*,RDEC

IF(RDEC.EQ.'NO')GO TO 49

IFCLFED LEQ. "UNIFAC' . OR, LFED EQ."MODUNIFAC ') NRA=1

PRINT#*,*' '
PRINT*,"* 1. UNIFAC 2.UNIQUAC 3.RADULT 4.MODUNIFAC .
PRINT#," °*

PRINT#,' ENTER THE NAME®

READ(+,1) LFED

PRINT#*,LFED

RD=1

INFR=INFR+1

GO TO 175

PRINT»,*

PRINT#,'DO0 YOU NEED ANOTHER CALCULATION (YES,NO)'
READC*,1) DEC

PRINT+*,DEC

IF(DEC.EQ,.*ND*) GO TO 555

GO TO 55 : .

PRI N T R 0 Y o o e e e e e e e e e e e e e e e i '
PRINT*,'THE RESULTS OF THE CALCULATIONCS) ARE STORED'
PRINT#, "IN THE FILE "ERESULT" °

PRINT*,*

PRINT*,'THE RESULTS -OF THE ITERATIONS IN THE CALCULATIONS'
PRINT*,'ARE STORED IN THE FILE. "PUTPUT"® :

PRINT#, ' e mercmmeremcnrce e crcccncc e e e e me o ——— e ——— !
STOP ’ '

END

SUBROUTINE DEWTCN,NN,ANTA,ANTB,ANTC,DEL,LFD,ZAR,RD ,MU,100,COMP)

. o - P T - TP DY D A G N D T T G G R G M WD G M A A S GO S D G S R SD MDD e Y

PARAMETER(K=9)

PARAMETER (MMR=4).

DIMENSION XUCK),XQ(K),GAMACK) ,RQ(63,2),ZAR(K) VLK) ,COMP(63)
DIMENSION Y(K),XECK) LANTACK)  ANTB (), ANTC (), HC(K),TEC100)
DIMENSION YA(K,100),XEA(K,100),XQ0CK),YECK) ,/YEA(K,100),X(K)
DIMENSION A(X)/,B(K),Z(X),APR(K),BPR(K),XA(K,100),SED(K)
DIMENSION FILCKILEY(K)SEX(K)AVK(K),CX(K),DEL(K,K)APS(K)
COMMON/ CONV/ TC(K)»PC(K),OMEGA(K)

COMMON/UNIQ/ RC(K),2(K),QP(K),PU(K,X)
COHMON/UNIFAC1/R5(KrMHK)rQB(K;HMR)rTAGLE(éSr63)tKO“T(K)
COMMON/UNIFAC2/ITAB(K,MMR) ,KAR(K, MMR) ,MNR (<)

COMMON/ FUGV/APRM, BPRM,APRIJ(K,K),FHI(K) ’

COMMON/RFUGV/ FHS(K)

COMMON NAME(K),LFED,TYPE

CHARACTER+S6 CM1,PUI,TUI,COMP

CHARACTER#*20 NAME

CHARACTER*9 LFED,TYPE

VAPOUR AND LIQUID DATA

PRINT#*,*PROGRAM STARTS ITERATION FOR DEWIr CALCULATION'
PRINT R, " # a A Akt h AR ABRE AR AR AN AR A AR S E AN AR RO AR hb !
EPs=0.0000%

DO 56 I=1,NN .

WRITECT,1)INAMEC(D)

WRITE(1,1)LFED

HRITE(1'*)

At e - . e ——— e - e e PR
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123

153

137

"~

102
101

120

NI=N

IF(RD.EQ.1)GD TO 177

PRINT#*,*ENTER PRESSURE (IN ATM OR MM HG)'

READ(%x,%) P

PRINT#, "ENTER UNIT OF THE PRESSURE ("ATM" 3R "YM H3'")'
READ(*,1) PUI '
FORMATC(A)

IFCPUILEQ."MY HG')P=P/763

PRINT*,P,* ATHM®

CALL OUT(NN,D.,COMP)

WRITEC(6,1001) P -

DO 302 I=1,NN

SED(1)=0.0

SET=0.0

DO 212 M=1,M

SUMXX=0.0

- SUMYY=0,0

IF(RD.EQ.1)GD TO 155

DO 112 I=1,NN-1 ,

PRINT*,'ENTER VAPOUR MOLE FRACTION(Y) OF *SNAMECI), 'AT DATA',M
READCIOD,*) YACI,H)

PRINT*, YAC(I,M) ’

DO 114 I=1,NN~1

PRINT*,"ENTER EXPERIMENTAL VALUE OF LIQUID MOLE FRACTION®
PRINT#*, "OF ',NAMECI),'IF AVAILA3LE,IF NOT ENTER O
READCIOD,*) XEA(IL,M)

PRINT*» XEACL, )

IF(XEACI, M) .EQ.0) GO TO 155

.CONTINUE

PRINT*,"ENTER EXPERIMENTAL VALUE OF TEMPERATURE CIN K OR F OR C)'

PRINT*,'IF IT IS NOT AVAILABLE ENTER O'

PRINT#*,*(TEMPERATURES FOR ALL DATA POINTS MUST HAVE SAME UNIT)'.
READCIOD,#) TE(M)

" IF(M.G6T.1) GO TO 123

PRINT#*,"ENTER UNIT OF THE TEMPERATURE(X DR F OR C)*
READCIOD,T)TUI
IFCTULLEQ.'FPITE(MI=(TE(M) +459.67)/1.38
IF(TUI.EQ.'C'"ITE(M)=TE(M) +273.15
PRINT*,TE(4),"* K*

DO 139 I=1,NN-1

Y(I)=YA(I M)

XECI)=XEALI M)

SUMYY=SUMYY +Y (1)

SUMXX=SUNRXX+XE(I)

COMTINUE

Y(NN)=1,.0~-5UMYY

XECNN)=1,0-SUMXX

IFCXEACT,M) .EQ.OD0.0)XE(NN)=0.0

ITERATION FOR DEHT,CALCULATION

DO 2 I=1,NN .
X(I)=yY(1)

CONTINUE

T=400
CR=82.057
TLL=100.

IRP=0

NNN=2

IN=0

INSIN#T 7
RT=82.057+T

DO 149 J=1,NNN
IF(JLEQ,2)T=T+1
CALL VAPSCANTA,ANTB,ANTC,T,PS5,NN)
IFC(LFD.EQ.3) GO TO 471

4 ettt e b A A
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(m]

72

73
75

Vo

107

41%

107

685

465

127
29%

+

CALL CONSTUA,B,APR,BPR/NNAT,P,CRsPS,ANTA,ANTH,ANIL)

CALL tMV(PC,TCrZAR,VL,T,NN)

CALL RFUGACCZ,A,DB ,NN,T)

CALL FUGACCZMIX,Y,APR,BPR,NN,T,P»CR,DEL)
GO TO (72,73).,LFD

CALL UNIQUACCX,T,NN,GAMA,HC)

GO TO 75 _ .

CALL UNIFACC(X,NN,T,GAMA,MU)

SUMX=0,

DO 5. I=1,NN ,
PCL=EXPC(VL(I)*(P=-PS(I))/RT)

FIY=FHI(I)+*P :
FILMP=GAMACI) #PSCI)*FHS(I)*PCL
IFCT/TCC(I).GT a1 3)FILMP=HC(I)
IFCT/TCC(I).GT1.3)TLL=0.0
VKCI)=FILMP/F1Y

CXCI)=Y(1)/VX (1)

SUMX=SUMX+CX(I)

CONTINUE
IF{(SUMX.6T.10000.0R.,SUMX.LT.0.00001)G60 T2 414
GO TO 472

DEW TEMPERATYRE CALCULATION APPLYING RAOJULT'S LAW

SuUMx=0.0

DO 442 I=1,NN
CXCI)Y=Y(I)*P/PS(I)
SUMX=SUMX+CXC(I)

IF(J.EQ.2)G0 TO 147
FO=ALOG (SUMX)

GO TO 149

F1=ALOG (5U4X)
CONTINUE

PO 6 I=1,NN
X(I)=CX(1)/SUMX

- CONTINUE

WRITEC1,#) IN,' SUMX= ',SUMX,*  T= ',T
IFCIN.GT.250) G0 TO 107
IFC(ABSCF1).LEL.EPS) GO TO 109
T=T=F1/(F1=FJ)

T=T-1.

IF(T.LT.TLL.OR.T.GT.700) GO TO 414

-G0 TO 100

PRINT#*,*' NO SOLUTION FOR DEWT CALCULATION AT DATA
NT=NHT-1

G0 TO 212

PRINT OF THE RESULTS

IFCIRP.EQ,1)G0 TO 107
IrRP=1,0

T=300.

GO TO 100

WRITE(1,%) 'TEMPERATURE= ',T

DO 686 1=1,NN,2 )

WRITECI »#) ' XC o I1,")= ", XCI) " XC'L,141,%)= " ,0(141)
IF(LFD,NE.3) GD TO 127

DO 465 1=1,NN

FHICI)=1.0

GAMACI)=1.0

DO 296 I=1,N\V

IF(XECI).EQ.0.0) GO TO 236

SEDCI)=SEDCI) +ABS(XCI)=-XECI))

YoM




235

237

233

22
24
1003

1001

1005

1005
212

395
452

1205

1207
1255

55

122

IFCTEM),EQ.,D.U) GO YU ¢35/
ET=ABS(TE(M)=-T)
SET=SET+ET
b0 12 I=1,NN
IF(XECID.EQ.0) GO TO 235
EXCI)=(X(I)=-XECI))/XECI)*100

DO 24 I=1,NN

IFCI.NE.1) GO TO 22 o

WRITE(5,1005) M I, YCI),XECI),TEM), T, GAMACLI),FHICI) ,X(I),EX(]I)
60 TO 24 '
WRITE(6,1006) IiY(I)IXE(I)rGAHA(I)rFHI(I)rX(I)rEX(I)

CONTINUE

FORMAT(12X,12,"'"21X,A20) - :
FORMATC/,4X,"PRESSURE=  *,F6.3," ATM ',/ /17 %, "GIVEN"» 33X, "CALCULATED®
+ 2l 211X ,200 =) #3Xp42C =), /, "DATA' ,1X,"COMP' L4 X,
Y LS XE X s TE Y p TX T X, "GAMA ,5X, "FHIpBX " X" sBXr "EX* o/ ,79( ">
FORMATUIX,12,2X,1202XoFbubr1XsF0obs2XrF7.2,2XsF7.2,2XeF9.6,2X,FT7.4
+ 23X, FO.bs3XrF6L2)

FORMAT(5X,12,2X,F6, 4'1XIF6 4’23XIF9 QngrF? Lo3XeF6L.6,3X,F5.2)
CONTINUE

DO 396 I=1,NN

IF(NN.EQ.2.AND.1.EQ,2)G0 TO 452

SED(I)=SEDCI)/NT

IFCSED(I) ,EQ.O0.0) GO TO 452

WRITE(5,1206) 1,1,1,SED(I)

IF(SET.EQ.0.0) GO TO 1256

SET=SET/NT : .

PRINT#,*THE NUMBER OF DATA POINTS= ',NT

WRITE(6,1207) SET

FORMATC/,15X,"ERROR ON X(C',11,')= ABS(XC(',I11,')=-XEC',11,'))/"'
+,"DATA POINTYS= ',F7.4,1H1)

FOQMAT(/I15XI'ERROR ON T= ABSCTE=-T)/DATA POINTS= ',F7.4,1H1)
RETURN

END -

SUBROUTINE DEHP(N'NN’ANTA’ANTB'ANTC:DELrLFD'iARpRD:HUrIODrCOﬁP)

PARAMETER(K=9)

PARAMETER (MMR =4)

DIMENSION XU(K),XQ(K),GAMA(K)'RQ(63,2)’ZAR(K)'VL(K)’COMP(63)
DIMENSION Y(K)» XECK) LANTA(K)»ANTB (K),ANTC(K),HC(K),PEC100)
DIMENSION -YAC(K,100) »XEA(K,100),X20C(K),YE(K) ,YEACK,100)
DIMENSION ACK),»B(K),»Z(K)»APR(K) ,3PR(K)/,XA(K,100),X(K)
DIMENSION FILCK),EY(K)AEX(K),VK(K),CX(K),P5(K),SED(K)
COMMON/UNIQ/ R(K) ,3(K)»QP (K),PU(K,K)
COWMON/UNIFAC1/R3(K:MHR),QB(K,HMR),TABLE(63;63)fKOVT(K)
COMMON/UNIFAC2/ITAI (K, M1MR) ,KIR(K,MMR) ,MNR(K)

COMMON/ CONV/ TC(K),PC(X),OMESALK)

COMMON/ FUGV/APRM,BPRM,APRIJ (K ,K),FHI(K)

COMMON/RFUGV/ FHSCK)

COYMON NAME(K),LFED,TYPE

CHARACTER*6 COMP,CM1,TUI,PUIL

CHARACTER*20 NAME

CHARACTER#*9 LFED,TYPE

VAPOQUR AND LIQUID DATA

PRINT*,"PROGRAM S5TARTS ITERATION FOR DEWP CALCULATION'

PRINT* ), " A A0 A h dh A Rk kAR AR AR KR RA A AR AR hb A b Ab b kb b ann?
EPS=0.000001

DO 56 I=1,NH

WRITECT ,1INAMEC]D)

WRITEC(1,1)LFED

HRITE(1r')




[N e

177

313

123

[

I¥ixD.EQ.1) GO0 TO 177

PRINT#*, *ENTER TEMPERATURE(IN K OR C 9JR F)'
READ(#,~) T

PRINT#*,"ENTER THE UNIT OF THE TEMPERATURE( K OR C OR F)'
READ(*,1)TUI

IF(TUILEQ,.*'C'")T=T+273.15
IFCTULILEQ.'F*)T=(T+459.67)/1.8

PRINT*,T,*' K*

FORMATCA) .

CALL OQOUT(NN,O,CO4P)

WRITEC(6,1001) T

SEP=0.0

DO 315 I=1.,NN

SED(I)=0.0

DO 212 M=1,N

SUMXx=0,0

SUMYY=0.0

IF(RD.EQ,1) 530 TO 155

00 112 I=1,NN-1

PRINT*, 'ENTER VAPOUR. MOLE FRACTION(Y) OF ', NAME(I),"AT DATA ',M
READCIOD,#*) YACI,M)

PRINT#*,YA(CI,M)

D0 114 I=1,N\N-1

PRINT#,*ENTER EXPERIMENTAL VALUE OF LIJUID MOLE FRACTION'
PRINT*,'0F "oNAMECI),'IF AVAILABLE;IF NOT ENTER J°
READ(IOD,*) XEA(I,M)

- PRINT#, XEACI, M)

11%

123

155

137

[AY)

10)

IFCXEACI,M) LEQ.0)GD TO 155

CONTINUE

PRINT*,'ENTER EXPERIMENTAL VALUE OF PRESSURE (ATM OR MM HG)'
PRINT#,'IF IT IS NOT AVAILABLE EVTER 0'

PRINT*,"(PRESSURES FOR ALL DATA POINTS MUST HAVE SAME UNIT)®
READCIOD,*) PE(M)

IF(M.6T.1)G0 TO 123

PRINT*, *ENTER UNIT OF THE PRESSURE(CATM 0% MM HG)®
READCIOD,1)PUL ’

IF(PUI.EQ."MY HG'IPE(MI=PE(M) /760

PRINT*,PE(M),* ATM'

DO 139 I1=1,NN-1

YCI)=YACI M)

XECI)=XEACI,M)

SUMYY=SUMYY+Y (1)

SUMXX=SUMXX+XECI)

CONTINUE

Y(NN)=1.0-SUMYY

XECNN)=1.0-SUMXX

IF(XEACT, M) .EQ.0.0) XEC(NN)=0.D

ITERATION FOR DEWP CALCULATION

IFCLFD.EQL3) GI TO 471

DO 2 I=1,NN

XCI)=Y(I)

CONTINUE

P=1.0

CR=82.057

RT=82.057*T

CALL VAPSCANTA,ANTB,ANTC,T,PS,NN)

CALL CONSTCA,B,APR,BPR,NNsT,P,CR,PS,ANTA,ANTB,ANTC)
CALL LMVCPC,TC,ZAR,VL,T,NN)

CALL RFUGACCZ,A,B,NN,T)

IN=0

IN=IN#1

WRITEC(1 ,*x) IN,' SUMX= *,SUMX,"' P= ',pP
UHX 0.0 ' ‘

e e e T L Y VN




e Nl

™D

107

471

L4l

107
685

315

“317
235

22
24
100)
1001

1005

1005
212

124

LV g, L

GO TOC(72,73: ILFD .

CALL UNIQUACCX,T,NN,GAMA,HC)
GO TO 75

CALL UNIFAccx,NN,T,GAMA,wU)

DO 5 I=1,NN

PCL=EXP(VL(I) *(P=-P5(I))/RT)
FIY=SFHI(I)*P

FILMP=G MACI) *PSCI) *FHS (I ) +PCL
IFCT/TC)eGE1.8) FILMP=HC(I)
VKCI)=FILMP/FIY '
CXCI)=YC(I)/V<L(I)

SUMX= sumx+cxc1)

CONTINUE

DO 6 I=1,NN

XC(1)=CX(L)/SUMX

- CONTINUE

DF=SUMX-1.000 '
IFCABS(DF).LT.EPS) GO TO 107
IFC(INLGTL.250) GO TO 107
P=pP./SUMX ‘

-G0. TO 100

PRINT#,' NO SOLUTION FOR DEW PRESSURE CALCULATION AT DATA ',
NT=NT=1
GO TO 212

DEW PRESSURE CALCULATION APPLYING RADULT'S LAW

P=0.0

CALL VAPS(ANTA,ANTB,ANTC,T,PS,NN)
D0 441 I=1,NN

PT=PT+Y(I)/PS(I)

p=1/pT

DO 442 I=1,NN

X(1)= P*Y(I)/PS(Ii
GAMACI) =1.0
FHIC(1)=1.0

PRINT OF THE RESULTS

WRITE(1 »*)"PRESSURE= *,P

DO 686 I=1,NN,2

WRITEC1,#)*XC'rL,")= ", XCI) 0" XC',I41,')= *,X(1I41)
IFCPE(M).EQ.D0.0) GO TO 316

SEP=SEP+ABS (P~PE(M))

DO 319 I=1,NN

IF(XE(I).E2.0.0)G60 TO 235

SED(I)=SED(I)+ABS(X(I)~XE(I))

EXCI)= (X(I)-XE(I))/XE(I)'1UO
DO 24 I=1,NN
IFCI.NE.1) GO TO 22

WRITE(6,1005) H’IIY(I)IXE(I)rPE(W)rPfGAWR(I)tFHI(I)rX(I)IEX(I)

+
+

+

GO TO 24

WRITE(6,1006) 1,YCI),XECI),GAMACI), FHICI)  XCI),EX(I)

CONTINUE

FORMAT(12XIIZ/'.'f1XrA20)

FORMAT(/,4X," TEMPERATURE=",F7.2,"' K"//r17XI'GIVEN'133X1'CALCULATED'
el P 11X2200%=") ,3X, 420 =)0/, "DATA L1X, "COMPY ,4X,
Y L SX s XE T X, T PE ST, P LI PGAMAY LEXL, P FHI S OX, T X L8, TEY 1/179("

FORHAT(1Xr12fZXIIZIEX’F6.411XrF6.412X(F7.3r2XIF7.302XrF9 4r2X,F7.4

P3X,F6L6,3X,F6.2)

FORMAT(SXIIZIZXIFé 4o1XsF6.40,20X,FI. Lr2XrFT.6,3XsF6. 513X;F6 2)

CONTINUE

DO 322 I=1,NN

IFCSED(I).EQ.0.0) 50 TO 325 )

IF(NN.EQ.Z AND.I1.EQ.2) GO TO 325

B T TV DT U S S mem e O
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SEDCI)=SEDCI)/NT
322 WRITEC6,1111) . 1,1,1,5EDCI)
325 SEP=SEP/NT
IF(SEP.ER.D,.0) GD TO 1256
PRINT#*, "NUMBER OF DATA POINTS=',NT
WRITE(C6,1112) SEP

1111 FORMATC/,10X,"ERROR ON XC',I1,')= ABSCXEC",I11,')=XC',11,"))/"

(]

XaXa)

+,'DATA POINTS= *,F7.4)
1112 FORMAT(/,10X»"ERROR ON PRESSURE=_A3S(PE-2)/DATA POINTS= ',F7.4)
1255 RETURN
‘ END

SUSROUTINE UUBP(NIVNIANTAIANTBIANTCIDEL;;FPrZARlRDrHUrIOD'COWP)

PARAMETER(K=9)
PARAMETER (MMR =4)
DIMENSION XU(CK),XQ(K),GAMA(K) ,RQC63,2),ZAR(K),VL(K) ,COMP(63)
DIMENSION Y(K),XE(K) ANTACK),ANT3(K),ANTC(K),HC(K),PE(100)
DIMENSION YA(K,100) ,XEA(K,100),X20(K) ,YE(K) »YEA(K,103),X(K)
DIMENSION A(X),B(K),»Z(K)»APR(K) ,BPR(K),XA(K,100),PS5(K)
DIMENSION FILMP(K),FILCK) JEY(K),CY(K),VK(K),DEL(K,K),»SED(K)
COMMON/UNIQ/ R(K) ,Q(K),QP(K),PU(X,<)
COMMON/UNIFAC1/R3(K,MMR),QB(K,MMR),TABLE(63,63) ,KONT(K)
COMMON/UNIFAC2/ITA3 (K,MMR) ,KAR(K,MMR) ,MNR (K)
COMMON/CINV/ TC(C),PC(K),OMEGA(K)
COMMON/ FUGV/APRM,BPRMAAPRIJ(K,K), FHI(K)
COMMON/RFUGV/ FHS(K)
COMMON NAME(K),LFED,TYPE.
CHARACTER*6 COvMP,CM1,TUI,PUI

- CHARACTER#*20 NAME
CHARACTER+*9 LFED,TYPE

VAPOR AND LIQUID DATA

PRINT#,*PROGRAM STARTS ITERATION FOR DUB3LEP CALCULATION'
PRINT®, " A Xt Ax AR AR AR ANRNN AR AR AR AR AR A AR R AR AR SR AN kA AR Ak ko n?
EPS=0.,0000001
DO 56 1=1,NN .

58 WRITEC1,1INAME(D)
WRITE(1,1)LFED
NT=N
IF(RD,EQ.1)GD TO 177
PRINT#*, "ENTER TEMPERATURE(IN K OR F OR O)°
READ(x, %) T
PRINT*,*ENTER UNIT OF THE TEWPERATJRE (K OR F OR C)°

- READ(*,1) TUI
IFCTUILEQ.'C*)T=T+273.15
TF(TUIL. EQ.'F')T (T+459.67)/1.8
PRINT*,T,*' K'
1 FORMAT(A)

177 CALL OUTC(NN,3,COMP)
WRITE(6,1001) T
SEP=0.0
DO 388 I=1,NN

3383 SEp(I)=0,0
00 212 M=1,N
SUMXX=0.0
SUMYY=0.0
IF(RD.EQ.T)GD TO 155
b0 112 I=1,NY-1 .
PRINT#, *ENTER LIQUID MOLE FRACTION(X) OF *»NAMECI),"AT DATA ',M
READCIOD,*) XACI,M)

112 PRINT#+, XA(I,M)
DO 114 I=1,NN=-1
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3O

11%

123

155

137

72

73
75

103

107

126

PRINT#*#, "ENTER EXPERIMENTAL VALUE UF VAPUYK MULE FRALILUN®
PRINT*,"0F ', NAME(I),"IF AVAILABLE,IF NOT ENTER 2'

READ (10D, %) YEACI M)

PRINT*, YEACI, M)

IFCYEACI, M) .EQ.0) GO TO 155

CONTINUE

PRINT#*, "ENTER EXPERIMENTAL VALUE OF PRESSURECIN AT4 OR MM HG)'
PRINT*,*IF IT IS NOT AVAILABLE ENTER O

PRINT#,*(PRESSURES FOR ALL DATA POINTS MUST HAVE SAME UNIT)®
READ(I0D,*) PE(H)

IF(M.6T.1) GO TO 123

PRINT*, "ENTER UNIT OF THE PRESSURE( ATY DR M4 HG)'
READ(IOD,1) PUI

IFCPUILEQ.*MN HG®IPE (M) =PE(M) /760

PRINT*,PE(M),* ATH'

DO 139 I=1,Ny-1

- XCI1)=XACI M)

YECI)=YEA(I,N) ' ;
SUMXX=SUMXX+X (1)
SUMYY=SUMYY+YE(I)
CONTINUE -
X(NN)=1.0=-5SUMXX

YECNN)=1.0-SUMYY

IFCYEACTI,M) .EQ.O)YEC(NN)=D,.0
ITERATION FOR THE BUBBLEP CALCJLATION

IFC(LFD.EQ.3) GO TO 471

P=1,000

DO 2 I=1,NN

Y(I)=X(1)

CONTINUE

CR=82.057

RT=82.057+T.

CALL VAPS(ANTA,ANTB,ANTC,T,PS,NN)

CALL CONSTCA,B,APR,BPR,NN,T,P,CR,PS,ANTA,ANTB,ANTC )
CALL LMVCPC,TCrZAR,VLAT,NN) *
CALL RFUGAC(Z,A,3,NN,T)

60 TO(72,73),LFD '

CALL UNIQUAC(X,T,NN,GAMA,HC)

GO TO 75 .

CALL UVIFAC(XrNNrT'GAMA'WU)

DO 5 I=1,NN

PCL=EXP(VL(I) «(P=-PS(CI))/RT)

FILMP(I)= GAMACI)*PS(I)*FHS(L)*PCL
CONTINUE .

IN=0

IN=IN+1

SuUMY=0.0

CALL FUGAC(ZWIXIY;APRrBPR'NN'TrPrCR;DEL)
DO 6 I=1,NN

IFCT/TC(I).GELT1.8) FILMP(I)= HC(I)
VKCI)=FILMP(I)/ (FHI(I)+*P)
CYCI)=X(I)*VK(I)

SUMY=SUNY+CY(I)

CONTINUE o

WRITECT»*)IN, ' SUMY=',SUMY ,* P= ',P

00 7 I=1,NN

Y(r)= CY(I)/SUMY

CONTINUE

DF=SUMY-1.000

IFCADS(DF) LTLEPS) GO TO 109
IFCINLGGT.250) GO TO 107

P=P»SUNMY

GO TO 100 ) .
PRINT*, 'NO SOLUTION FOR 3UBBLEP CALCULATION AT DATA ',M




oo

o

127

NT=NT=1
GO TO 212

BUBBLE PRESSURE CALCULATION USING RAQULT'S LAW

471 P=0.0
CALL VAPS (ANTA,ANT3,ANTC,T,PS,NN)
DO 441 I=1,NN
441 P=P4+PSCI) *X(I)
DO 442 I=1,NN
YCI)=XCI) *PSCI) /P
GAMACI)=1.0
442 FHICI)=1.0

PRINT OF THE RESULTS

107 WRITE(1,+)"PRESSURE= ',P

DO 686 I=1,NN,2 .
685 WRITECTI,#)'Y(',1,")= ', Y(CI),® Y(',141,%)= ',Y(141)

IFCPE(M).EQ.D.D0)GO TO 398

SEP=SEP+ABS(PE(M) -P)
398 DO 397 I=1,NN '

IFCYE(I).EQ.D.0) GO TO 235

SEDCI)=SED(I)+ABS(YE(CI)-Y(I))
397 EYCII=CCYC(CID)=YECI))/YE(CI))*100-
235 00 24 I=1,NN

IF(I.NE.T) GO TO 22

HRITE(611OOS)MIIIX(I)IYE(I)IPE(M)IDIGAMA(I)IY(I)’FHI(I)IEY(I)

G0 TO 24
22 HRITE(6'1UU6)IrX(I)fYE(I)rGAHA(I)rY(I),FHI(I)rEY(I)
24 CONTINUE
4212 CONTINUE
100) FORMAT(12X,12,'.",1X,A20) -
1001 FORMATC/,4X,* TEMPERATURE=S ',F7.2," K',//+ 17X, "GIVEN",33X, "CALCULATED'

+ 211X, 20C0 "), 3%X,420% =)/, DATA',1X,"COMP*, 44X,

VXY LSS YE X tPE s TP O, GAMA T, 6K, FHI 46X, "Y', BXAEXT, /.7
1005 FORMATCIX212,2Xrl2,2XrF 00l s 1X sF60ubr2XrF7.3,s2XsF2.3,2XsF.4,2XsF7a0

+ r3XrFS.4,3XrF6.2)

1005 FORMAT(SX,I12,2XKsF6ubsT1XsFbubsr20XsFOubr2X, F70bs3XsF5.a6s3XsF6.2)

[N o]

212 CONTINUE
DO 385 I=1,NN
IFCSEDCI) .EQ.0.0)GD TO 376
IF(I.EQ.2.AND.NN.EQ.2) GO TO 376
SED(I)=SED(I) /NT

385 WRITE(6,1111) 1,1,1,S5EDC1)

375 IF(SEP.EQ.0.0)G0 TO 1256
SEP=SEP/NT
PRINT*, '"NUMBER OF DATA.PJINTS=",NT
WRITE(6,1112) SEP

1111 FORMATC/,10X, 'ERROR ON Y(',I1,')= ABSC(YEC',I1,")~-YC",11,')/DATA"

+,' POINTS= ',F7.6) :
1112 FORMATC(/,10X,"ERROR ON P= ABS(PE-P)/DATA POINTS= ',F7.4,1H0)
1255 RETURN

END

- - - - WD - ) YD S D G RSSOy e S N WP R GG e S - b T G S G R B GR En e WP SR Gm S e Sm S W

PARAMETER(K=9)

PARAMETER (MMR=4)

DIMENSION XU(K);XQ(K):GAMA(K)’RQ(63;2)'ZAR(K),VL(K)rCOMP(éS)
DIMENSION Y(K)»XE(K) ,ANTA(K),ANT3 (X),ANTC(K),HC(K),TE(130)
DIMENSION YA(K,100) »XEA(K,100),X30(K)+YE(K) »YEA(K,10D),X(K)
DIMENSION A(K),B(K),Z(X),APR(K) ,3PR(K),XA(K,100)

DIMENSION EY(K)'CY(K):VK(K)'DEL(K)’PS(()zSED(K)

B R T S I VDR P A R T Y X Vi SR | U S NSO

i




s NasEul

5%

177

383

112

114

128

CUMMON/UNIQ/ R(K) ,I(KI,UPLKI,PILK,K)
COMMON/UNIFACT1/RI (K, MMR),» QB (K »MMR)I,TABLEC(O63,63) ,KONT(K)
COMMON/UNIFAC2/ITA3CK,MMR) ,KARCK, MMR) »MNR (K)

COMMON/ CONV/ TC(X),PC(K),OMEGA(K)
COWMONIFUGV/APRM;BPRH;APRIJ(K'K)rFHI(K)

COMMON/RFUGV/ FHS(K)

COMMON NAME(K),LFED,TYPE

CHARACTER*6 COMP,CM1,TUI,PUI

CHARACTER#*20 NAME

CHARACTER*? LFED,TYPE

I EE N EZZ RIS I EIZESFREE R EEREE R EIE IR RN REENESEFEFEIEEESEENE S EE N SR RN E ]
PRINT+,*PROGRAM STARTS ITERATION FOR BUBSILET CALCULATION!
PRINT* P A A h A Ak Ak kA N AN RA R RARA N A RA AA b RA KA AR NG RA AR Nan?
EPS=0.0Q001

DO 56 1=1,NN

WRITECT ,T1INAMEC(I)

WRITE(1,1)LFED

NT=N .

IF(RD.EQ.1)GD TO 177

PRINT*, 'ENTER PRESSURE(CIN AT 2R MM HG)'

READ (%, %) P

_PRINT#*,"ENTER UNIT OF THE PRESSUREC AT DR MM HG)'

READ(*,1)PUI

IFCPULI.EQ.'MM HG')P=P/76D

PRINT*,P,"* ATH' '

FORMAT(A)

CALL OQUT(NN,D,COMP)

WRITE(5,1001) P

SET=0.0

DO 388 I=1,NN

SED(1)=0.0

DO 212 M=1,N

SUMXX=0.

SUMYY=D.

IF(RD.EQ.1) GO TJ 155

D0 112 I=1,NN-1

PRINT*, ENTER LIQUID MOLE FRACTION(X) 3F ',NAME(CI),'AT DATA ',V
READCIOD,*) XACI,M

PRINT*,XACI,M)

DO 114 I=1,NN-1

PRINT*,'ENTER EXPERIMENTAL VALUE OF VAPOJR MOLE FRACTION®

PRINT*,'0F °*,NAMEC(I),'IF AVAILABLE,IF NOT ENTER O°

READCIOD,*) YEA(I,M)

PRINT«,YEACI, M)

IFCYEACI,M) .EQ.0) GO TO 155

CONTINUE - .

PRINT+,"'ENTER EXPERIMENTAL VALUE OF TEMPERATURE(CIN K OR C 2R F)°
PRINT*,*IF IT IS NOT AVAILABLE ENTER O°

PRINT+,'(TEMPERATURES FOR ALL DATA POINTS MUST HAVE SAME UNIT)'
READ(CIOD,*) TE(M)

IF(TE(M) EQ.0.0)60 TO 155

IF(M.GT.1)GO T 123

PRINT#*,"ENTER UNIT OF THE TEMPERATURE( X OR F OR C)°

" READCIOD,1) TUI

137

IFCTUILEQ.'C')TECM) =TE(M) +273.15
IFCTUL.EQ.' F'ITE(M) =(TE(4)+459.67)/1.8
PRINT#,TE(), "' K'

DO 139 I=1,NN-1

X C1)=XA(I,4)

YECI)=YEA(I,M)

SUMXX=SUMXX +X (1)

SUMYY=SUMYY+YECI)

CONTINUE

X (NN)=1.0-SUMXX
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[

100
101

72

73
75

471

642

472

107

IF(YEA(1:M) EQ 0 0) YE(NN)=0.2
ITERATION PART FOIR THE BUBBLET CALCULATION

IRP=0
T=6400

DO 2 I=1,NN
YCI)=X(I)
CONTINUE
TLL=100.
NNN=2

IN=0
CR=82.057
IN=IN#
RT=82.057+T
DO 149 J=1,NNN
IF(J.EQ,2)T=T+.
CALL VAPS(ANTA:ANTBrANTCrT:PSIVN)

IFCLFD.EQ.3) GO TO 471

CALL CONSTCA,B,APR,BPR,NN,T,P,CR,PS,ANTA,ANTB,ANTC)
CALL LMV(PC,TC,ZAR,VL,T,NN)

CALL RFUGAC(Z,A,B,NN,T)

GO TO (72,73),LFD o

CALL UNIQUACCX,T,NN,GAMA,HC)

GO TO 75

CALL UNIFAC(X,NN,T,GAMA,4U)

CALL FUGACC(ZMIX,Y,APR,BPR,NN,T,P,CR,DEL)
SUMY=0

DO 5 I=1,NN

PCL=EXP(VLC(I) *(P=-PS(I))/RT)

FIY=FHI(I)*P '

FILMP=GAMA(CI) #PSCI)*»FHS(I)+PCL
IFCT/TC(I).GEL1.3) FILMP=HC(I)
IF(T/TC(I)eGEL1.8) TLL=0.0

VKC(I)=FILMP/FI1Y

CYCI)=VK(I)+X(])

SuUvY= SUMY*CY(I)

CONTINUE

IF(SUMY.GT.10000.0R.SUMY.LT.0. 00301)60 T) 614
GO TO 472

BUBBLE TEMPERATURE CALCULATION USING RAOQJLT'S LAW

SUMY=0.0 .
DO 442 I=1,NN
CYCII=X(1)*PS(1)/P

SUMY=SUMY+CY(I)

IFCJ.EQR.2) GO TO 147
FO=ALOG (SUMY) '

GO TO 149 -

F1=ALOG (SUMY)
CONTINUE

DO 6 I=1,NN
Y(I)=CY(1)/SUNY

CONTINUE ,
WRITEC1,%)IN,* SUMY= ', SUMY,' T= *',T
IFCIN.EQ.250) 60 TO 107

IFCABSC(F1).LEL.EPS)GO TO 109

T=T-F1/(F1-FD)

T=T=1 -

PRINT*,*'T= ', 7T

IFCTLLE.LTT ,OR.T.GT . 700 )GO TO 414

GO TO 100

PRINT*t'NO SQLUTION FOR BUBBLET CALCULATIOV AT DATA

"M
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NI=NT=1
GO TO 212

41% IFCIRPLEQ.1)50 TO 107
IRP=1
T=300.
GO TO 109

PRINT OF THE RESULTS

107 WRITE(1,*)'TEMPERATURE= ',T
DO 686 I=1,NN,2° -
685 WRITECI,*)'Y(',1,")= ",YCI),' YC' ,141,")= ',Y(1+1)
IFCLFD.NEL.3) GO TO 457
DO 568 I=1,NN
GAMA(I) =1.0
563 FHIC(CI)=1.0
457 IF(TE(M).EQ.0.0) GO TO 376
SET=SET+ABS(TE(M)-T)
375 D0 378 I=1,NN
IFCYECI).E2.0.0) GO TO 235
SEDCI)=SED(I)+ABS(YE(I)~Y(I))
378 EYCI)=CCY(CID)=-YECI))/YECI))*100

_235 DO 24 I=1,NN

€3

IFCI.NE.T1) GO TO 22
WRITEC6,1005) M, 1, XCI),YECL) ,TE(M) rTIGAWA(I) PFHICI)AYC(I) LEY(L)
50 TO 24
22 HRITE(611036)IrX(I)IYE(I)rGAWA(I)'FHI(I)IY(I)rEY(I)
24 CONTINUE
4212 CONTINUE
100) FORMATC(12X,12,'.",1X,A20) .
1J0) FORMAT(/,2X,'PRESSURE= *,F7.3,' ATM® /s 17X, *GIVEN'»33X,"CALCULATED®
+ sl AVIXe20C =), 3X,42C =" ) 4/, DATA L IX . COMP p 4 X,
UYL 5Xs TYE S6Xs TTE ST T s OX, GAMA L 6K, FHI S 6K, 'Y ,8X,EN /)
1005 FORHAT(1XIIZIZXIIZIZXIF6.4,1XIF6.4IZXIF7.2;2XIF7.212XlF7.4r2X/F7.4
+ 23XsF5eb,3%XrFba2)
1005 FORMATC(SX»12,2XrF6.b,1XpF6.0bs20X,FO.6,2XsF7. 6’3X’F5 613X,F6 2)
212 CONTINUE
DO 366 I=1,NN
IF(SED(I) .EQ.,0.0) GO TD 356
IFCI.EQ.2.ANDJNN.LQL2) GO TO 356
SED(I)=SEDCI)/NT
365 WRITE(6,1111) 1,1,1,SEDC(I)
355 IF(SET.EQ.0.0) GO TO 1256
PRINT#*, *NUMBER OF DATA POINTS=',NT
SET=SET/NT
WRITE(6,1112) SET

o111 FORNAT(/r10X"ERROR ON Y(' I1,')= ABSCY (' ,I1,")-YEC', 11, 2D /"

+,'DATA POINTS= ', F7,.4) -

1112 FORMAT(/r1DXr'ERROR ON TEMPERATURE= ABS(T-TE)/DATA POINTS= ',
+F7.4)

1255 RETURN
END

SUBROUTINE UNIQUAC(XrTrNN:GAW'HC)

T D W S S TV D ED WP AL W GE W G R - G St WD B G G = A e G P = b G b S S G W W S W S

PARAMETER(M=9)

DIMENSION X{(M),GAMNCMI,RX(M),QX(M) LHC(HM) ,GAMN(M, M)
DIMENSION QPX (M), L(MI,THP (M), TOIJ (M, M), FANCH) »TR(M)
COMMON/UNIQ/ R(M),Q(MI),QP (M), PU(M,M)

COMMON/CONV/ TC(MI,PC(M),OMEGA(M)

REAL L,LX
Z=10.
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DU 57 I=7,NN
TRCI)=T/TC(I)

DO 52 I=1,NN
IFCTR(ID.LT.1.8) GO TO 52
RCI)=0.0

Q<1)=0.0

QP(1)=0.0

CONTINUE

SUMRX=0.0

SuMex=0.0

SumMQPX=0.0

SUMLX=0.0 .

DO 11 I=1,NN
IF(X(I).EQ.0.0) GO TO 11
RXCI)=R(I)+X(I)
ax(I)=a(1)+xC1)
aPxX(I)=arP (1)« Xx(1)
LCID)=(2/72.)#(R(I)=-0(I))~(R(CI)-1.)
LX=L(I)«X (1)
SUMRX=SUMRX+R X(I)
sumax=sumax+a x«I
SUMQPX=SUMAPX+2PX(I)
SUMLX=SUMLX+LX

CONTINUE

DO 21 I=1,NN
IF(X(I).EQ,0.0) GO TO 21
THP (I)=apPXx(I)/suvarX

"CONTINUE

D0 14 I=1,NN

DO 15 J=1,NN

IF(I.EQ.J) GO TO 75
IFCTRCI).GE&1+8.0R.TR(JI.GEL1.8) GO TO 75
TOLJ W, D)=EXP(-PULI,I)/T)

GO T0 15

TOIJW,1)=1.0

CONTINUE

CONTINUE

DO 22 I=1,NN

IF(TR(1).GE.1.8) GO TO 55

SUMi1=0.0

DO 23 J=1,NN

TOTP1=TOLJ(J, 1) *THP (1)

SUMT1=SURT +TOTP1

CONTINUE ‘

SuM3=0.0

DO 24 J=1,NN

suv2=0.,0

DO 25 K=1,NN

TOTP2=TOIJ(KpJ)*THP(K).

SUM2=SUM2+TOTP2

CONTINVE

TOTP3= TOIJ(I;J)*THP(J)

TT30S=TOTP3/SUM2
SUM3=SUM3+TT30S
CONTINUE
TH=aX(I)/SUMax
PH=RX(I)/SUMRX
A1=ALOG(PH/X(I1))
A2=(2/2)*Q(I)«ALOG(TH/PH)
A3=PH+SUMLX/X (1)

A4= QP(I)~ALOG(SUMT)
AS=QP(I)~«SUM3
GAME=AT+A2+L(I)~A3~- AL*QP(I)-AS
GAM(I)=EXP(GAME)

GO TO 22

o R e oAb e s e e e B M. M. M bem o mAte @ ts s m s e e miew Al moasee
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ACTIVITY COEFFICIENTS UF NOUNUCUNDENSABLE CUMPUNENTD

SUMGAM=0.0

SUMFH=0.0

CALL RFUGNC(T,TCCI) ,PCCI),FHNCI))
DO 61 JS=1,NN

IFCTRCIS) o6Ta1.8) GO TO 51
GAMNCI,JS)I=PUCL,IS)+(PUCIS,I)/T)
TH=QX(JS) /5UMax
SUMGAM=SUMGAM+GAMNCI,JS)*TH
SUMFH=SUMFH+TH

CONTINUE
HCCI)=SUMGAM+SUMFH* ALOG CFHNCI))
MCCID=EXP(HCCI))
GAMCI)=EXPC(SUMGAY)

CONTINUE

RETURN

END

PARAMETER (K=9)
PARAMETER (MMR=4)

DIMENSION XLIQCK),RLT(K),QLT(K),SUMTD(K),OME(K)

DIMENSION TETA(K) ,PHIC(K) PEL(K) ,GCLNC(K) ,TETAD (K,MMR), TETAN(K,MUR)
DIMENSION CONTR(K,K,MMR,MMR),PSI(K,KsMIR, MMR) ,SUMOZ2.(MMR)
DIMENSION SUMOCK,MMR),ODDLN(X,MMR),SUMI3(K,M4R) ,XBIG(K,MNR)
DIMENSION TETARM(K,MMR) »SUMONS(K,M4YR) ,SUMOMT(K,MMR) ,S5UMOYL (K, MYR)

DIMENSION ODLN(K,MMR),3RLH(K),GAMA(K)

CO”HON/UNIFAC1/RB(KrMHR)rQB(Kr"MR)rTABLE(63I63)rKONT(K)
‘COHHON/UNIFACZ/ITAB(KrHHR);KQR(KrMWQ);WN?(()

DO 1 I=1,NN

SUMR=0

suMa=0

J=1

SUMR=SUMR+RB(1,J) *KQR(I,J)
SUMQ=SUMQ+3B(I,J)*KQAR(I,J)
IF (JLEQ.KONT(I)) GO TO 20

S J=0 41
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GO TO 30

RLT (1)=SUMR

QLT (I)=5UMQ

CONTINUE

SUMRX=0

SUMaxX=0

SUMMR=0

PME=2/3

D0 3 I=1,NN
SUMRX=SUMRX+XLIQCI) *#RLT (1)
SUMQX=SUMQX+XLIQ(I) #+QLT (1)
SUMMR=SUMMR4XLIQCI) « (RLTCI) #ePHE)
CONTINUE

IFC(MU.EQ.T) GO TO 177

DO 4 I=1,NN

TETACI) =XLIQCI)»ALT (I)/SUMQX

PHICCI)=XLIQCI)*RLT (I)/SUMRX
ELCI)=S5#(RLT(I)=-ALTC(I))~ (RLT(I) -1.0)
CONTINUE

SUvL=0 .

DO 5 I=1%NN

SUML=SUML+XLIQCI)~EL(I)

CONTINUE

DO 6 I=1,NN

P P et 4 e e ¢
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GCI=ALOGC(PHICC(L)/Z XLLUWLL))
GC2=5*QLT(I)*ALOGC(TETACI) /PHIC(I))
GC3=ELCI)=SUML*PHICC(I)/XLIAQ(I)
GCLNCI)=GC1+GC2+GC3

5 CONTINUE
G0 TO 178

‘'FOR THE COMBINATORIAL PART MODIFIED UNIFAC APPLIED

177 00 235 I=1,NN
OHECI)=XLIQCID* (RLTC(I)*+PME)/SUMMR
GCLNCI)=ALOG(OMEC(I) /XLIQCI) )+ T-0ME(I)/XLIQCI)
235 CONTINUE

173 DO 666 I=1,NN
SUMTD(I)=0
665 CONTINUVE
DO 7 I=1,NN
PO 15 J=1,KONT(I)
TETAD(I,J)=KAR(IL,J)*QBC(1,J)/MNRCI)
SUMTOCI)=SUMTD(I)+TETAD(I,J)
15 CONTINUVE
7 CONTINUE
DO 8 I=1,NN
PO 14 J=1,KONT(I)
TETANCIAJ)=TETADCI,J)/SUMTD(I)
% CONTINUE )
3 CONTINUE
D0 9 I=T1,NN
DO 12 J=1,NN
DO 16 M=1,KONT(I) .
DO 49 N=1,KONT(J)
IT3=1ITABCI, M)
ITA=ITAB(J,N)
IF(HUL.EQ.0)GD TO 179
TABLECITB,ITA)=TABLEC(ITB,ITA) ¢+TASLECIT3,ITA)*(T-273.15)+
TASLECITB,ITA)+(T+«ALOG(298.15/T)+T-298.15)
CONTRCI,J M, N)=TABLEC(ITB,ITA)
PSICIrd /M NI=EXP(O-CONTR(L,J, M, N)/T)
47 CONTINUE
15 CONTINUE
12 CONTINUE
7 CONTINUE
KK=MMR -
DO 56 I=1,NN
DO 57 I1I=1,KX
SUM02(II)=]
57 CONTINUE
MM=1 -
D0 535 J=1,KONT(D)
SUM0D1=0
DO 54 N=1,KONT(D)
SUMOD1=SUMOD]{+TETANCI,NI*PSICI,I,N,MM)
5% CONTINUE
SUMO3(I,J)=5UMOD1
DO 52 JJ=1,KINT(I)
SUMTR=TETANCI ,J)*PSICI,I1,JJ,MM)/SUMOI(L,J)
SUMOCI,JJ)=SUMO2(JJ) +SUMTR
SUMO02CJJ)=5UMD(1,J1)
52 CONTINUE :
- MM=MH+1
55 CONTINUE
55 CONTINUE
DO 58 1I=1,NN
DO 59 J=1,XONTCD) ] ’
0DDLNCI,J)=Q3 (I 0)*(1=ALOGCSUMOIIC(I,J))=SIMNIC(1,J))
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63

65
65
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CONTINUE
CONTINVE .
SUMXB=0

DO 67 I=1,NN
XBIGD=SUMXB+XLIQCI) *MNR(I)

SUMXB=XBIGD
CONTINUE

DO 61 I=1,NN

DO 62 J=1,X0NT(I)

XBIGN=KQR(I,J)*XLI2(I)

90 63 II=1,NN
DO 64 JJ=1,KONT(II)

IFCCITABC(I,J) JEQ, ITAB(II,JJ))ANDLCILNE.II)) GO TO 81

GO0 TO 64

XBIGN=XBIGN#KQR(II,JJ)*XLIQ(II)

CONTINUE
CONTINUE

XBIG(I,J)=XBIGN/XBIGD

CONTINUE
CONTINUE

SUMT=0

DO 17 I=1,NN

D0 18 J=1,KONT(D)

SUMT=SUMT+XBIG(I,J¥*QB(I,J)

DO 65 II=I,NN
DO 66 JJ=1,KINT(II)

ADT=XBIG(I,J)*aB(I,J)
IFCCITABC(IAJ) JEQLITAB(IIA,JI)) ANDLCILNELIL)) SUMT=SUMT-ADT

CONTINUE
CONTINUE
CONTINUE

.CONTINUE

DO 70 I=1,NN
DO 71 J=1,KONT(I)

TETARM(I,J)= XBIG(IrJ)*QB(IrJ)/SUWT

CONTINUE
CONTINUE

DO 83 I=1,NN.
YM=1

D0 32 J=1,KONT(D)
suMoD2=0

DO 73 II=1,NN

DO 72 JJ=1,KONT(ID)
SUMOD2=SUMOD2+TETARMCII,JJ) #PSICIL,1,JJ,4M)

D0 21 I1=II,NN
DO 22 J1=1,KINT(I1)

SMNS=TETARM(I1,JI1)*PSICIT,1,01,4%)
IFCCITABCIT,J1) JEQ.ITAB(IILJJ)) JAND,CIT.NELII)) GO TO 91

GO TO 22
SUMODZ2=SUMOD2~SMNS
GO TO 72

CONTINUE

CONTINUE

CONTINUE

CONTINUE
SUMOMI(1,J)=SUMOD2
MM=MM+1

CONTINVE

CONTINUE

DO 78 I=1,NN

D0 79 J=1,KONTCD)

77
73

SUMONS(I,J)=0
CONTINUE
CONTINUE

DO 76 I=1,NN
MM=1_

- - el e ram s tem 2w



(]

(g}

87
85

37

1)

2)

222

R T . R PSP i S S X

SUMON7=0
DO 23 II=1,NN

DO 24 1J=1,XKONT(II)

LO=1

DO 25 III=II,NN

DO 26 JJJ=1,KONTCIII)

TFCCITABCIT 0 J) JEQe ITAB (II1,JJJ)) JAND. CIT.NE.III))L0=0
CONTINUE

CONTINUE

SUMF=TETARMCII,JJ)*PSICI,11,MM,00)+L0
SUMON7=SUMON7 +SUMF/ SUMOMT CTI1,44)

SUMOM4CL,J) =SUMONT

CONTINUVE,

CONTINUE

MM= MM+1

CONTINUE

CONTINUE

DO 84 I=1,NN

DO 85 J=1,KONT(I)
ODLNCI,J)=0BCL,J) *(1-ALOG(SUMOMTCI,J))-SUMIML(I,J))

CONTINUE

CONTINUE

DO 86 I=1,NN

SuUMG=0

DO 87 J=1,KONT(I)
GRLN(I)‘KQR(IrJ)*(ODLN(IrJ) 0DDLNC(I,J))+5UMG
SUMG=GRLN(I)

CONTINUE

CONTINUE

DO 89 I=1,NN

GAMACI) =EXP(GRLN(I) +GCLN(I))
CONTINUE

RETURN |

END

.

"FUNCTION FINDR (CHM,CONP)

CHARACTER#*6 COMP(63),CH

00 10 I=1,63

1F (COMP(I).EQ.CM) GO TO 20

CONTINUE ’

PRINT*, "ILLESAL COMPOUND NAME _ ENTER AGAIN®
FINDR=-1 ’

RETURN

FINDR=I

RETURN

END

e o - O - WP WS D e AR WP M W A = s S8 G A e G e AR Em e e = e =

SU3ROUTINE CONST(A;B’APRrBPRrNV'T,P’R’PS'ANTArANTBrANTC)
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PARAMETER (K=9)

COMMON /CONV/ TC(K) ,PC(K) ,OMEGA (K)

DIMENSION A(<),B(K),APR(K),BPR(K) ,PS(K)

DIMENSION ANTA(CK) ,ANTB(K) ,ANTC(K)

REAL KAPA

DO 292 I=1,NN

IFCOMEGACI) JNELO.D) GO TO 222

OMEGACI)=ACEF (ANTACI),ANTB(I) ,ANTC(I),TC(I) ,PCCI))
KAPA=0.37664+1.564226+0MEGACI)-0,26992*0MEGA (L) ##2
TR=T/TC(I)

ALPHA=C1+KAPA*(1=SIRT(TR))I) #+2
ATC=0.45726+R*R+TCCI)*TCC(I)/PC(D)
APRCI)=ATC*ALPHA
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IF(TR GE.1.8) uO TO 292
ACI)=APRCII#PS(I)/(R*R*+T+T)
3(I)= BPR(I)*PS(I)/(R*T)
CONTINUE

RETURN
END

- o - - —— D YD " A VE W S W O D EE e = = e = . =S S W W W M D e P %P MR m e

PARAMETER(K=9)

COMMON /FUGV/APRM,3PRM, APRIJC(K,K) »FHI(X)
DIMENSION Y(K),APR(K),9BPR(K),DEL(K,X)
DO 392 I=1,NN

DO 492 J=1,NN
APRIJCI,J)=C(1=DELCI,J))*SQRTCAPR(I) *APR(J))
CONTINUE

CONTINUE

APRM=0 -

DO 4392 I=1,NN

DO 3392 J=1,NN

YALJ=YCI) #Y(J)I*APRIJ (I, )
APRM=APRM+YALJ

CONTINUE

BPRM=Y(I) *3PR (1)

CONTINUE

AMIX=APRM«P/(R*R*T*T)
IMIX=BPRM+P/(R+T)

CALL ROOTC(AMIX,BMIX,ZIMIX)

A1=(ZMIX~1) /3PRM

A2= ALOG(ZMIX=BMIX)

Ab= AMIX/ (2%1.414DMIX)

AK= CZMIX4+2.414%BMIX) /CIMIX=-0.41 *#BYIX)
AS= ALDOGC(ZMIX*+2. 414~awrx>/(znxx 0.4144BY1IX))
D0 111 J=1,NN

AY=0.0

DG 112 I=1,NN

AY=AY+Y (I)*APRIJCI,J)

CONTINUE

A3=2+AY/APRM=-BPR(J)/BPRH
FHICJ)=EXPC(OPRCJ) *A1=A2~-A4L*AZ*AS5)
CONTINUE

RETURN

END

- —— - - — Y - > - > S An G G - -

PARAMETER(X=9) S /

COMMON /RFUGV/ FHS(K)
COMMON/ CONV/TC(K) ,PC(K) ,OMEGA (K)
DIMENSION Z(K2,A(K),B(X)

DO 155 I=1,NN

IF(T/TC(I).GE.1.3) GO TO 155
CALL ROOT(ACI),B(I),Z(1))

CA1=ALOG(Z(I)=~B(I))

A2=ACI)/(2%1,41+3(1))
A3=ALOGCCZC(I)+2.4614+B(1))/(2C1)-0.614#3(1)))
FHSCI)=EXPCZC(I) =1=A1-A2%A3)

CONTINUE

RETURN

END
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SU3ROUTINE ROOT(A,B,1)

=1 :

INN=1 . ’
F=lax3=(1=3)aZa*2 4+ (A=34Ba4#2-2¢3)47=(A*3=-34+2=B*+])
FD=347#22-2+(1-D) *Z+ (A=3*Bns2~223)

IFCINN.EQ.T) GO TO 150

IFCABS(Z-Z0LD).LT.0.00001) GO TO 160

ZoLDb=2 ‘

1=1~-F/FD

INN=INN+1

60 TO0 170

RETURN
END

PARAMETER (X=9)

DIMENSION ANTACK) ,ANTB(K) ANTC(K) ,P 15 (K)
COMMON/ CONV/TC(K) »PC(K) »OMEGA (K)

DO 76 1=1,NN

IFCT/TC(I).GE.1.8) GO TO 76
PISCI)=EXPC(ANTA(I)=-ANTB(I)/(T+ANTC(I)))
PISC(I)=PIS(I) /760 ‘

CONTINUE

RETURN

END

- . - - - P D P e =R D e S G D e Wm A R G ER e A e m e e Y ML D e e G S e S = W e e e W

PARAMETER (K=9)

DIMENSION PC(K),TC(K),ZAR(K),VL(K)
R=82.057

DO S I=1,NN

TR=T/TC(1)

IF(TR.GT.0.75) GO TO 10
TO=1+(1=TR)*+(2./7.)

G0.TO 20

T0=1.60+0.00593026/ (TR=-0.655)
VLCID=R*TCCI)*ZARCI) *+TOQ/PC(1)
CONTINUE

RETURN

END

FUNCTION ACEF (ANA,ANB,ANC,TK,PK)

TH=0.7¢TK

PSW=EXP (ANA=ANB/(TW+ANC))
PSW=PSW/760
ACEF=~LOG(PSW/PK)-1.00
RETURN '

ENOD

SUSROUTINE OQUT(NN,IPT,COMP)

D " S WP - - — - - WD = - G T T S P D G W T - W T N TR D e S TP WP P NS M e e A

PARAMETER (M=9,MMR=4)
DIMENSION GSN(50) ,COMP(63)
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COMMON/UNIIZZ " R(M) ,2 (M) ,Q2(M),PJM,M)
COMMON/UNIFACT/R3 (M, MMR),QB(M,MMR), TABLE(63,63),KONT(M)
COMMON/UNIFACZ/ITAB(MI"\R),KQR(H'HWR),WNQ(W)
CHARACTER#*20 NAME

CHARACTER*9 LFED

CHARACTER*6 TYPE,GROUP(5]),COHMP

IFCIPT.EQ,1)G0 T2 250
WRITE(6,2222)
2222 FORMAT(//19Xr'TA3LE( R VLE CALCULATION RESULTS',/)
. K=NN/3
IF(K.GTL(NN/3)IK=K~1
K=3 «K ’
EN=NN~X
22 DO 5 I=1,X,3 . :
S HWRITE(6,1115) IINAWE(I)/I*1IVAWE(I*1)fI*ZfNAHE(I’Z)
IF(KLEQNH) GO TD 15
GO TO (10,11)EN
10 WRITE(6,1125)NN,NAME (NN)
GO TO 15 .
11 WRITE(5,1126). NN=-1,NAME(NN-1) , NN, NAHE (NN)
15 MWRITE(6,1116) TYPE
IFCLFED.EQ, *RADULT')IGO -TO 6695
WRITEC(6,111T7)LFED
. GO TO 919 i
"665 WRITE(6,1118)
G0 TO 219 i
1115 FORMATC(4X,3(12,'.',A20,1X))
1125 FORMAT(4X,12,'.",A20,1X)
1125 FORMAT(LX,2C12,'.",A20,1X))
1115 FORMAT(/,10X,*TYPE: ',A4 )
1117 FORMATC(/,10X,°*LI2AUID PHASE NONIDEALITY IS CALCULATED 3Y '
+,A8,"' EQUATION',/,10X,"VAPOUR PHASE NONIDEALITY IS CALCULATED 3Y- ',
+*PENG RO3INSON EAUATION®)
1113 FORMATC(/,10X,*'CALCULATIONS ARE PERFORMED BY RAOULT"S LAW')
25) IFC(LFED.EQ.'UNIFAC'.OR.LFED, EQ.'WODUNIFAC )GDO TO 530 :
WRITE(6,1000) '
DO 716 I=1,NN
715 WRITE(6,1001) IIR(I)IQ(I)IQP(I)
WRITE(5,1032) .
DO 717 I=1,NN-1 . : i
DO 717 J=1+¢1,NN :
717 WRITE(6,1003)1,J,PU(L,J),PUU,I1)
100) FORMAT(///,15X, "UNLQUAC PARAMETERS',//,13X,'COMP' ,5X, 'R,
+ BX 2 QY 4BX,TAPY /s K, G6C =) 26X, 3CT =) 5K 30 =) p6Xs4("="))
1001 FORMATC12X,12,4X,F5.2,46XeF5.2,5%X,F5.2)
1002 FORMAT(//,16%X,%COMPIL"* '4Xr'C0“PJ'r11X"K(IIJ)'r?Xt'A(JrI)' /.
15X ,7C =), 2% 70 =), 9,80 =), 7%X,8('-"'))
1003 FORHAT(15XIIZI?Xr12’10X1F8 2,7TX,F3.2)
GO TO 929
50) WRITE(5,1011) LFED
I1sI=0
DO 726 I=1,NN
DO 726 J=1,KONT (1) .
ARITE(4,1015) COMPCITAB(I,J)) ,RBCIL,J),2B(I,J)
ISI=ISI+1
. GROUPC(ISI)= COWP(ITAB(I:J))
725 GSNCISID=ITAS(I,J)
WRITEC(6,1016)
DO 727 I1=1,151
DO 727 J=I+1,1S1
IFCGROUPCI) .EQ.GROUP(J)) GO TO 727
WRITE(6,1017) GROUP(I);GROUP(J)rTABLc(GSN(I)rGSN(J))r
+ TAULE(GSN(J)'GSN(I))
727 CONTINUE
101' FOQMAT(///r“SKrA?/ PARAWETERS'://r15Xr ROUP'I7XI R',
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1015
1015

1017
923
1255
917

(&)

201
375
120)
387

373

3383

345.
o
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BX e Q'I/r]‘!X’f("')I)XIJ('-')IOXI.')( -*))
FORMATC(I4X, A »5X,F5.4,3X%X0F5.3)
FORMATC(// »15X+*GROUP',5X%X, *GROUP",5X," ACI, ) *HS5X,"AC3,10",/,

14X »7C =), 3X,7(¢ =) ,3X,8 ("~ “"),3X,8C'="))

FORMAT(14X:A6'&XIA6’4£1FB 2,3X,F8,.2)
WRITE(6.,1256)

FORMAT(/,80¢C* _*'),/,80('="))

RETURN

END

S S S S S e e e N e r Cem e cr e . S- - - - - = -

- PARAMETER (K=9,LKK=100)

PARAMETER (MMR=4)

DIMENSION RQ(63;2)'NS(LKK)rDEL(KrK)rZAR(():COMP(63)
DIMENSION ANTACK) ,ANTB(K) ANTC(K)

DIMENSION TCD(LKK)rPCD(L(K)rATA(LKK);ATU(LKK):ATC(LKK)
DIMENSTION ZARDCLKK) ,DELDC(10),0MEG (LKK)

" DIMENSION RDCLKK) »QD (LKK) ,QPD(20) ,UUCLKK,LCK)

COMMON/ CONV/ TC(K),PC(K),OMEGA(K)

COMMON/UNIQ/ R(K) ,Q(K),QP (K),PU (K ,K)
COWMON/UNIFAC1/R3(KrMMR)rQB((r!HR):TABLE(bSré});KOVT(K)
COMMON/UNIFAC2/ITAB(K,MMR) ,KAR(K,MMR) »YNR (K)

COMMON NAME(XK),LFED,TYPE

CHARACTER+6 COMP,CM1

CHARACTER#* 20 NAME,LFED,TYPE

CHARACTER* 20 CODECLKK) ,CODEP(20) ,ICIDE (L K()oIJCODE(LKK:LKK)
CHARACTER+* 20 CODEPP (LXK),COXEDEL(10)

VREADS PHYSICAL PROPERTIES OF COMPONENTS -

IFCINPP.EQ.1) GO TO 339

INPP=1

CALL PF('GET',"YDATAPP')
READ(Z2,+) PP

b0 201 I=1,pPP

READ(2,1) CODEPP(I)
READ(ZI*)TCD(I)’PCD(I)IATA(I)IATB(I)IArC(I)IZARD(I)IOM:G(I)
CONTINUE

D0 375 J=1,8

READ(2,1200) CODEDEL(J):DELD(J)
FORMAT(A20,2X ,F6. 2)

DO 345 I=1,NN

DO 378 J=1,PP

IFCNAME(I).EQ.CODEPP(J)) GO TO 388

CONTINUE

PRINT*;'TCrPC,ANTAoANTBrANTC’ZAR’ ARE NOT AVAILABLE®
PRINT*,*FOR THE ',NAMECI)
READ'ITC(I);PC(I)rANTA(I)rANTB(I):ANTC(I)’ZAR(I)

GO TO 345

TECI)=TCD )

PCCI)=PCD(J)
ANTACI) =ATA())
AHNTB(I)=ATB(J)

CANTCC(I)=ATCCJ)

ZARCI)=ZARDJ)
OMEGA(I)= OMEG(J)
CONTINUE
00 495 I=1,NN :
PRINT*r'TC('III )= ',TC(1)," PCC'»1+'2= *",2C(1)," ZARC',1,')= ',

CZARCI)

593

. o~

- e . s,

DO 595 I=1, NN .
IFCNAMECID.EQ."WATER") GO TO 497
GO TO 655




O,

495
475

501
653

181
125)

182
1252

283
125%
183
3889

186
35

187

36
37

188

38
39
192
42

172
191
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D0 496 N=1,8

IFCNAME(J).EI.CODPEDELCN)) GO TO 6475
CONTINUE

GO TO 501

DEL(CI,J)=DELD(N)

PRINT#*,*DEL= ‘', DELCI1.,J)

CONTINUE

IFCLFD.,EQ.2) GO TO 8

IFCLFDL.EQ.3) GO TO 9219

UNIQUAC PARAWETERS ARE READ IN THIS SECTION

IF(IUQ,EQ.1) GO TO 339

Iva=1 .

CALL PF('GET',"YDATAUQ')
READ(3,#) NUP

DO 181 1=1,NUP

READ(3,1250) CODECI),RD(IJ,QD(I)
FORMAT(2X,A20,1X,F5.2,2%X,F4,2)
READ (3, %) NUPE

DO 182 1I=1,NUPE

READ(3,1252) CODEP(I),aPD(I1)
FORMAT(2X,A20,2X,F6.2)
READ(3,*) NUIP

b0 183 I=1,NUIP

READ(3,1) ICODECI)

FORMAT(A)

‘READ(3,+)NS(I)

DO 283 J=1,N5(I),2

READ(3,1254) IJCODE(I}J);UU(I'J)rIJCODE(I'J*1)rUU(I;J+1)_,

CONTINUE
FORMAT(A20,2X,F3.2,2X,420,2X,F8.2)
CONTINUE :
DO 185 I=1,NN

PRINT#, *NAVE(C',1,") =", NAME(])

DO 186 J=1,NUP
IFCNAME(I)LEQ.CODECJ)) GO TO 35
CONTINUE

GO TO 199

RC(I)=RDJ)

Q¢l)=adb(J)

DO 187 KK=1,YUPE
IFCNAME(I)LEX.CODEP(KK)) GO TO 35

.CONTINUE

aP(I)=a(I)

PRINT*,'R= ',R(I)," Q= ',Q(I),' aP= ',2aP(I)
50 10 37

QaP(1)=2PD(KK)

D0 188 J=1,NUIP

IFCICODECJ) .EQ.NAMECI)) GO TO 39

CONTINUE .

PRINT#,*INTERACTION PARAMETER OF COMPONENT ", NAME(IL)
PRINT*,"WITH OTHER. COMPONENTS ARE NOT AVAILAJLE’
GO TO 200

DO 191 KK=1,NN

IFCNAME (KK) LEQ.NAMEC(CI)) 30 TO 172

DO 192 L=1,H50) .

IFCIJCODECJAL)LEQ.NAME(KK)) GO TO 42

CONTINUE

G0 TO 38

PUCI,KK)=UUCJ, L)

PRINT*,'PUC'»1,KKX,")= ",PUCI,KK)

GO TO 191

PUCL,KK)=0.0

CONTINUE
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18>

197

~20)

997
97

997

99%
993
87>

133

1]
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CUNTINUE
GO0 TO 919

PRINT*, 'R AND 2 PARAHETERS ARE NOT AVAILABLE FOR THE COMPONENT'

PRINT+, NAME (1)
PRINT*," '
PRINT~,"THE CALCULATION WILL BE PERFIRMED 3Y UNIFAC EQUATIDN'

LFD =2

oArA INPUT

FOR

IF(NRA.EQ.1)G0 TO %19

IFCIUF.EQ, 1)60 TO 875

IUF=1
CALL PFC'GET'

#* YDATUMY)

DO 99 1=1,63

READ

(UNIT=4,FMNT=999,END=875)

FORMAT (A6,2X,Fb6.4s2XsF5.3)
CONTINUE
PO.9938 I=1,63

READ

READ

READ -

READ
READ
READ
READ

(UNIT=4,FYT=997,END=875)
CUNIT=4,FMT=977 ,END=875)
(UNIT=4,F¥T=997,END=875)
(UNIT=4,FMT=997,END=875)
(UNIT=4, FAT=997,END=875)
(UNIT=4, FMT=997,END=875)
(UNIT=4,FM4T= 993:END 875)

FORMAT (10F8.2)
FORMAT (3F8.2)
CONTINUE

0o 9

PRINTe,?
PRINT#*,*THE UNIFAC METHOD NEEDS FUNCTIDNAL GROUPS OF COMPOUNDS®
~PRINT#*,*'THE CHOICE OF POSSIBLE GROUPS IS ARBITRARY AND LIMITED'

I=1,NN

UNIFAC CALCULATION

COMP(I),RQ(I,1),RQA(CI,2)

(TABLE(I, 1) ,J=1,10)

(TABLEC(I,J),J=11,20)
(TABLE(I,J),)=21,30)
(TABLEC(I,J),J)=31,40)
(TABLECI,J) »0=41,50)
(TABLECI,Jd),4=51,60)
(TABLECI,J) »J=61,63)

PRINT+,"WITH THE FOLLOWING GROUPS

PRINT*, (COMP(L) ,L=1,10)
PRINT», (COMP(L) ,L=10,20)
PRINT*, (COMP(L),L=20,30)

PRINT*, (COMP(L),L=30,40)

PRINT*, (COMP(L) »L=640,50)
PRIMNT#*, (COMP(L) ,L=50,60)
PRINT*, (COMP(L),L=60,63)
PRINT*,*
J=1
SUMC=0

PRLNT#*,'ENTER THE NAME OF UNIFAC GROUPS IN COMPONENT

READ -(x,10) CM1
PRINT*,CM1
FORMAT (A6)

IF (CM1.EQ.'END') GO TO 991
"NEW') GO TO 991

IF (CM1.EQ.
IDXT1=FINDRC(CM1,CONP)

IF C(IDX1.EQ.=-1) GO TO 130

PRINT#,"ENTER THE NUMBER OF GROUPS OF THIS5 KIND'

READ (*,11) KV.
PRINT*,KV

FORMAT (12)
ITAB(I,J)=1DX1
RB(I,J)=RQACIDX1,1)
aB(I,J)=RQACIDX1,2)
KQR (I,J)=KV
MNR(I)=SUMC+KV
SUMC=MNREI)

=l

GO0 TO 130
KONT(I) =J=1.

CONTINUE‘

YSNAMEC(I)
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DU (/5 L1=1,NN

DO 775 M=1,KONT(I)

DO 775 J=1,NN

DO 775 N=1,KONT(J3) _

PRINT*,"TABLEC ' »I,M,J/N,")= ',TALECITABCI, M) ,ITABCJI,N))
775 CONTINUE -
917 RETURN _

END

OO0 N

SUBROUTINE RFUGNC(T,TCrPC,FHY)

TR=T/TC .
FHNOP=7 .224-7 .5364/TR=2.54L8*ALOG(TR)
FHN=PC+*EXP(FHNOP)
RETURN
END v
18.23.56,UCLP, BU, PO4 ’ 1.698<LNS.
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