u

Tsonopoulos Correlatién for Second Virial Coefficients
(nonpeolar compounds)

f_& = F£10) 4 FL)
RT,
where:
£ = 1445 - 330 _ .1385 _ .0121 _ 000607

Tx i T3 Ts

£ = 0637 + 332 .423 _ .008

' 2 3 g
Tq Th Tr

and where T, = T/T,

Second virial cross coefficients B;; are calculated using the
above equations along with the following combining rules for
T., P. and w:

Te, = (L - k) JTo To

* Tsonopoulos, C. AIChE J. 20, 263, 1974.
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Plotting more than one variable on the x-axis with TK

1t seems like TK will not allow you to plot more than one

variable on the x-axis, but it can be done.
example will show how to do this.

The following
Suppose we have a set of

vapor-liquid equilibrium data and we wish to plot it on a P-x-v

graph.
#

.000
.150
.339
.463
.685
.876
1.000C

In this example,

¥

.0C0
.486
.716
.802
.206
. 968
1.000

the data are:

P (bar)

4.

8.
13.
.24
.13
31.
36.

17
24

46
62
79

03
33

We wish to plot P vs x, and P vs y, on the same graph like

S0

P\)5X| ..."f

© Xls\/l L

The problem is that TK will only allow you to place one variable

on the x-axis.

We can get around this problem by defining new

liste X and Y in the following way:

X
.000
.150
. 339
.463
. 685
.876

1.000
.000
.486
.716
.802
.906
.968

1.000

Y

4

8
13.
17
24
31.
36

4.

8.
13.
17.
24,
31.
36.

.24
.13

.46
.62

79 P valves

03

.33

46
62
79
24
13
03
33

P valves
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Note that the first 7 values in X are the 7 x, values and
the next 7 entries in X are the 7 values of y,. The first 7
values in Y are the 7 pressures and the next 7 entries in Y are a
repeat of the same 7 pressures.

These new lists can be prepared using the listcopy function
like so (placed on the rule sheet):

call listcopy ('xl, 'X, 1, 7, 1)
call listcopy ('yl, 'X, 1, 7, 8)
call listcopy ('p, 'Y, 1, 7, 1)
call listcopy ('p, 'Y, 1, 7, 8)

The first statement says take entries 1 through 7 of list =zl
and copy them to the list X starting at position 1. The second
line says take entries 1 through 7 of list yl and copy them to ¥
starting at position 8. Hence, at the end, list X will have 14
entries. The first 7 will be the x, values and the last 7 will
be the vy, values.

The last two lines do the analogous thing for list Y. It
will consist of 7 values of p followed by the same 7 values of p.
Note: When you are doing the equilibrium calculations to
generate the p-x-y results, comment out these listcopy lines.
Then once the p-z-y lists have been generated, comment out all
lines except the listcopy lines {and uncomment those) and hit f9
(not £10) to generate the X and Y lists.

Now, on the plot sheet, indicate that X is to be plotted on
the x-axis. On the y-axis, indicate that entries 1 through 7 of
list Y are to be plotted and then, on the next line, indicate
that entries 8 through 14 of list Y are to be plotted. TFor
example:

Y Axis Style Character Symbol Count First Last
Y symbol * 1 7
Y symbol 0 8 14

In this example, this will result in a P-x curve indicated
by symbols * and a P~y curve indicated by symbol o.

This idea can be extended to plot four curves: an
experimental P-x, an experimental P-y, a calculated P-x and a
calculated P-y. With this technique, it is easy to represent the
calculated results by curves and the experimental results by

symbols.



Important Relations for G ® and ¥,

B
% =Y x,ln ¥, {1)

Use: Allows values of G" to be calculated from experimental
values of the activity coefficients.

E B
—%dﬁ’ ¢ VodP - Yo x, dlny; = 0 (2)

Gibbs-Duhem equaticn. Use: Allows experimentally determined
values for activity coefficients to be tested for thermodynamic
consistency. Generally applied at constant T with V® neglected.

(anG‘/RT “1iny, (3)

n ]
'i Trpt-nj.ni

Use: Allows algebraic expressions for the activity coefficients
to be obtained from an algebraic expression for GF.

aGE/RT) _ VvE
T, n

ap - RT (4]

0GE/RT _ _ HE
( oT )p,n RT® (3)

Use: These give the pressure and temperature dependence of G*.
The first {egn 4) is not generally used since we neglect the
pressure dependence of Gf. This corresponds to assuming V® = C.
The second equation {eqn 5) provides a relationship between
vapor-liquid equilibrium data and heat of mixing data.

£y = vx;f, (6)

Use: relates, activity coefficient y, of species i in mixture to
the fugacity f, of species i in mixture

H andedT ¥4



Various Approximations in the
Gamma-Phi Method

fiL :¢isatpisatexp (VlL[P - Pisat]/RT)

P —
In $' = [(Z. - 1)/p dp
p
In @Y = [(g, - 1)/P dP
[s )
sat

P
In ¢ = jl(zi - 1)/P dP
Q

Restrict to Low P

General case

-
yx; fib = .y, P ¥ x: P = y.P

A‘F

$," =
Y, =1

Y =

Restrict to Restrict to

Ideal Scolutions , Ideal Sclutions
and Low Pressure

XifiL = ¢1VY1P | %Pyt = viP

v e—— {Raoult's law)
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Binary Activity-CoefTicient Correlations at Infinite Dilution

Two Sotbix Magoles Cparter)
!h K'“ = A
ln rr_w = A

van Laar & Margules {3 S-*H—m)
App=Inyy
Az =1Iny3

Wilson
mA;z+ Az =1—Inyy
ApptinAy =1—ly}

NRTL
Ti2exp(a T ) oy = Inyy

Ty + raexp(—ayary )= Iny3

UNIQUAC

o L z 1r
In ¥\ = ln(F;_) tZ % Iy E‘f—;—:‘:) + £.‘%£Z"?: !ﬁc’:’u +7r(l‘"f|;

nY,” = !n(-,fj)+ —?—2- F2 |n<;L::'z)+,€,_* %,ﬂl—gzlf.‘t{l +hC;—‘fm




Excess Gibbs Energies of Multicomponent Mixtures

. g 9,
?, X; ln-%' +5 ; qiX; ln_qT',- - ; g:x;In (JZ 8 )

Equation G**/RT Iny;
; e
Wilson - s [ XAy tmm | Xogay Jvi- X
i j 0 -—
! j§l xilyy
A= /_\jj =1
g G m G EI ZnTnjGnj
NRTL Ty [Zfﬁaﬁ/ 26 ] i s E LD
/ ‘ > > >
o G et Gppxy Gxg
- J o=l 1=
Gyi = exp(—ayit;)
i = 5= 0
Gi;= Gy=1
UNIQUAC
In y,-c + In 7,3

o; z a. ?;
I'n 1 T i
Iny; = In=- +3qf1“Tf + 1 ~x Jz_:le_,-

m "t
lny,ﬂq, 1 —in jgl v |-

J =1
z=10
=t =1
H
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A System with Positive Deviations from Ideality

plkPa

2.0E C“E/xzrr\.x . _’12.0
1.5h -1.5
1.[}3 1.0
0-55‘ jo.s.
of :0

N-pentase (O = Ethanl (2)

InY =2 Corfcs;Poods o ¥ =77 Lj
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- A System with Negative Deviations from Ideality

-0.4

P/kPa
-0.6

Iny©

-0.8

~1.0

] | | ! In y?

LN

Figure 11.9 Pxy data at 50°C for chioroform(1}/ |,4-dioxane(2).



A Nearly Ideal System

100

90 A

801

P/kPa

70

50

501

40

30

20 T T ™ T
0.0 0.2 04 0.6 (o8-} 1.0

: X0 ¥
Figure 1. Vapor-liquid equilibrium data for 2-methyl-2-
butanol (1) + 2Z-methyl-1-butanol (2) at 373.15 K.

Table 1. Vapor-Liquid Equilibrium Data for the
2-Methyl-2-butanol (1) + 2-Methyl-1-butanel (2) at 373.15 K

1 ¥1 F/kPa T vz

0.000 0.000 34.35

0.030 0.075 35.83 0.931 0.979
0.074 {173 38.36 0.929 0.978
0.126 0.279 42.10 0.951 0.976
0.177 0.369 45.00 0.969 0.981
0.226 {1.447 48.77 0.995 0.989
0.291 (0.538 52.54 L.000 0.970
0.349 0.599 56.26 0.993 0.980
0.418 0.670 60.87 1.001 0.974
0.467 Q.717 63.10 0.933 0.944
0.630 0.765 67.09 0.991 0.943
0.606 {.820 72.16 0.997 0.925
0.618 0.827 72.97 0.997 0.927
0.676 (.865 77.00 1.006 0.888
0.727 0.893 80.35 1.0056 0.880
0.778 0.915 83.80 1.002 0.895
0.838 0.942 87.50 0.999 0.872
0.881 0.959 90.00 0.994 0,862
0.911 0.969 91.50 0.987 0.885
0.940 0.980 92.50 0.977 0.856
0.973 {.991 93.85 0.998 0.867

1.000 1.000 95.18



A Nearly Ideal System with an Azeotrope

T 1.3
—
— 1.0

E
a,

0.986

- Benzene-cyclohexane — 0.973

T=716°C

1156 |




Gibbs Energies and P-x-y Diagrams for Several Systems

L _
0.0 g.2 04 cB B 1.0

L
Fig. . g/xjxy v xy ot 50°C reprasenting correlations for {A)
ocetone-chlorofarm, (B} ocetone-methansl, (C) chlorofarm-methaned,
(D1 chlorofarm-ethonol, (E} chioroform.a-heptane, and {F) athanol -
hegtone. First nomed compound is component 1

&50)
500}
600
staay
550}-
550 p P
550,
P 500}
3001
500
4501
450
L - . L 450
Q [} 02 04 06 Q8 1]
X Y,
500 400 J
0 g2 04 06 OB [Ks]
00 400 A Y,
400 100 300 :
P P P
300 200 200 ¥ £
200}- 100}~ ) 100
: L 1 I 1 I 1 1 L 1 H L
Q g2 04 06 08B 10 ] 02 04 Q& 08 10 o} 02 G4 0& QR 1.0
L A LTS o ¥y
Fig. 1. P-x-y diograms at 50°C for (A) ocetons-chlvreform, {8} acetona-methenol, (C) chlorolorm-methanal, (0} chlaroform-ethane!, (E)

chloraform-n-heptana, and (F) ethanol-n-heplana. First nomed compound is component |. P is in mm Myg.



Illustration of the Importance of Binary Interaction
Coefficients for VLE from Cubic Equations of State

100 T

- e
'-I-.-..____-,__-_ -2

Pibar)

—— ]
0 0.1 0.2 a3 0.4 0.5 0.6 Q.7 0.8 0.9 1.0
XM

Vapor-liquid equilibrium of the carbon dioxide {1)-isopentane system. The
experimental data of G. J. Besserer and D. B. Aobinson {J. Chem. Eng. Data
20, 93 (1976)] are shown at 277.59 K (¥ = liquid and A = vapor) and 377.65
K(® = liquid and B = vaper). The dashed curves are the predictions using
the Peng—Robinson equation of state with ki = 0, and the solid lines are the
correlation using the same equation of state with k2 = 0.121. The points ©
and [ are the estimated mixture critical points al 377.65 K using the same
equation of state with ki, = 0 and 0.121, respectively.
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o=, Temperature Dependence of the Equilibrium Constant

i) - - ) oy 3 an TR 2o
IUACH 1o 3), ADyL 2.

where

x = T/T where T = 298.15 K and T is in K

An®,,, = ¥ v, AHOf,i 298

K{298) = exp[-AG%./({298.15 R}) where AG%y = B vy AG%: , 54

and where

AF = X v, F, where F = A, B, C and D

and where A;, B,, C;, and D; are the coefficients in the heat
capacity expressions for pure i in its standard state:

~~ C, /R = A + BT+ CT + D,/T
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