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APFENDIX B
B.l1 The Single-Parameter Wilson Equation

The original Wilson eguation relates the activity
coefficient to the composition cf the mixture. For a binary
mixture of components 1 and 2 having a composition of X; and

¥ respectively it is written as:

Xoh XA
1n y3 = -1n(l - Ap;¥,) + Xp(——=e 22 - "1 21 , (p_3)
. 2172 1= 432X, 1 -axnih
XA X, A .
1a = -1n(l - A;5Xy) - Xq{—2 22 - _ 71721 , (p_2
Y2 { 12%¥3} 1l BigE] T Alez) (B3-2)
where
- _
A1 =1 - ﬁ—z exp(=(g21 =~ 911)/RT) {B-3)
1
v
A1 =1~ %l exp(~(g12 =~ 922)/RT) (B~ 4)
2
912 = 921 (B-5)
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¥; and ¥, are the molar volumes. The adjustable constants
911¢ 932 and g, are proportional to the interaction
energies between either similar or dissimilar molecules. It
is clear that in order to calculate activity coefficient at
a composition gj3. 922 and gy, are the 3 basic parameters

need to be known.

For g;; and g, the energy of interaction between
similar molecules, it has been proposed to be replaced by
the opposite of the energy of vaporization of the pure

" components at the solutieon temperature and pressure.

931 = —(4Hy; = Z;RT) (B-6)

922 & -("Anvz - ZZRT) (Bw-’)

AB,, and AH,,, the heat of vaporization, can be related to

vapor pressure by the Classivs—-Clapeyron eguation:

dln P§ _ 8H,,;

—r " o2 (B-8)
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dln P3 _ AHy,
5 — B
—F " (8-9)

substituting equation (B-8) and [B-9) into {B-6) and (B-7)

results in:

g1y = -RT2 fl..]_'.g?%i + Z;RT {B-10)

922 -RT2 2E%E£i + ZaRT (B-11)

The expression of vapor pressure in terms of
temperature can simply be found by well-known Antconine

equation :

in PS = A + = B {B-12)

wihere A, B and C are the eguation constants and can be found

in several publications.

The 3 parameters are now left with only g;, to be
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solved. 7This parameter can be determined if one boundary
condition is known, namely, the activity coefficient at

infinite dilution.

At infinite dilution, Xy = 0, equation (B-1) becomes

substituting equation {B~3) and (B-4) gives:

® - _' Vs AG, T, AGo a
where
4Gy = g31 ~ 911 (B-15)
4Gy = 9312 = 922 (B~ 16)

Therefore, once the y* at one temperature is known, g;-
can be solved implicitly form eguation (B-14). The y; and vyp

at various composition can then be calculated and thus

i29




vapor-liguid equilibrium data, such as vapor pressure of
solute at the temperature of different concentration in

liquid phase, c¢an be cbtained.

To solve gy, iterative techniques such as Newkten's
method can be employed. The objective function F(gps) is

defined as:

T AG v -AG
F(gyp) = 1.0 - 1n 2 + _L - _L exp(—2) - 1n y§ {B-17)
12 g, FT v, BT 1

The new value of g3, from Newton's method algorithm'as

iteration continues is:

8F(912) _ 1.0(1 ¢ + YL exp(22), (B-18)
v

F7({g12) = 3315 BT

the derivertive of the function, P (g;5), is:

F(glz)n

——— B-19
F (g12)n ( )

912n+1 < 912n T

The c¢riterion for the termination of iterative

procedure is given by:
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| 912n+1 ~ 912n | . (B-20)
S12n+1 -

where £ is a smzll peositive numbe. The computer program
that solves g,5 implicitly and further caleculate the vapor
pressure of solute at its various compositon in liquid phase

is presented in Appendix C.
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86
APPENDIX C
C.l1 Vapor-Liguid Eguilibrium Data
This section includes an interactive program which
sclves for the Wilson parameter, g1z and vapor-liguid |

equilibrium of absorbed gases over the solvents. O

In the experiment, when a mixture of abscrbed and non-
absorbed gases is inject, it is assumed that the non-
absorbed gas appears only in wvapor phase, that is, 2

components in ligquid phase, 3 components in vapor phase.

/’_-“\-_
The program first asks for the necessary data such as :
temperazture and teotal pressure of the system, molar volume E
and Antonine constants for both of absorbed gas and solvent, f
and activity coefficient at infinite dilution. After %
implicitly calculating g;5, then use eguation (B-1l) and %
{B-2) to calculate activity coefficient at various é
composition. i
p Y. X-A
n Y Bl = Az¥3) + Xy(5m RioX, I = Alez) (B-1)
XA X, A
in = =1p{l - Ay5X,) - X 2712 . 1721 -
Y2 { 12%71) 1(1 = B %] — 523.1‘2) (B=2)
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where
With each small increment of compositon of component 1
start from zero, by assuming the system is ideal gas, this

program further calculate the partial pressure of component

1 and 2.

Y1*X; *P% (C=1)

PPl = Y1°Pt =
PPy = ¥p°Pp = Y°X3°P3 {¢-2)
PPy = P, - PP; - PPy {C-3)

where P, total pressure of system

PP = partial pressure

X = mecle fraction in ligquid phase
¥ = mole fraction in vapeor phase
Bs = vapor pressure at system temperature.

and the subscripts:
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1 is component 1, the absorbed gas (NO, NO; or 803}
2 is component 2, the solvent

3 is component 3, the nonabsorbed gas (air or Ny)
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Fig. D-1 S0, & CEP System
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Fig. D-2 S0, & DETA System
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Fig. D-4 S0, & DETA System
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TABLE E-1

Antoine Equation’'s Constants

T+C
[P] = mmHg [K] = Kelvin
Scilvent A B ¢ Ref.
502 16.77 =-2302.35 -35.97 21
CHP 21l.4 -7850.9 -1.0 22
TETA 39.3 -29647.2 408.6 23
DETA 10.3 T -1319.4. =-182.1 23
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NCMENCLATURE

Pirst Antonie equation constant
Wilson's eguation constant
Second Antonie egquation constant
Third Antonie equation constant
Moiar cone. in gas phase

Gas flow rate (cc/min)

Binary energy interaction paramter (cal/g-mole)
Heat of vaporization

Henry's law constant (atm)
Pressure correct factor
Partition coefficiént

Molecule weight (solvent)

Number of moles

Inlet pressure (psi or mmEg)
Qutlet pressure (psi or mmig)
Vapor pressure (psi or mmHEg)

Total pressure of a system (psi cor mmEg)
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Vapoar pressure of water {psi or mmHAg)
Molar conc. in ligquid phase

Gas constant

Retention ratio

Temperature (K)

Column temperature (K)

Room temperatute {K)

Retention time difference (min)

Pime f£cr non-absorbed gas to pass the column
Time for absorbed gas to pass the column
Velume

Specific retention veolume (cc/g)

Gas hold up volume

Net retention volume (cc)

Retention volume

Molar volume ({(cc/g-mole) o ° .
Weight of solvent (g)

#Mole fraction in liguid phase

Mole fraction in gas phase

Gas compressibility factor
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Greek Letters

¢ Fugacity coefficient

Y Activity coefficient
2 Uncertanity range
Superscript

° Corrected paramter

@ Infinite dilution

Subscript
1 Component 1, or solute
2 Component 2, or selvnet

3 Component 3, or inert gas

(20

The solute in Henry's law constant
3 the solvent in Henry's law constant
2 Liguid phase

q Gas phase

161

el



