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Abstract:

The solubility of CO, in the non-volatile compounds of n-Hexadecane,
Diphenylmetnane, Diphenyl ethane, Ethyl benzene and of Nitrogen in n-
Hexadecane, at temperature range 298.15-358.15 K are measured at partial
pressure of one atmosphere, Falling-film flow technique was used in the present
experimental work.

It is seen that in most cases the solubility is decreased at the temperature
increased, though in the case of the Nitrogen/n-Hexadecane system the reverse is
true. The effect is probably related to the decrease in solvent density which occurs
as the temperature raises. For systems of low Solubility ,this effect tends to counter
balance the increase tendency for solute molecules to "escape™ from the solvent,
arising from their increase kinetic energy . In addition ,the binary interaction
constant (Lag) was calculated by fitting the mole fraction solubility of solute gases
CO; and N, by using Redlich-Kwong equation of state for predicting phase data.
The interaction constant Lag was calculated from the following expression:

L =1-a,5(asa ) @

Key-Words / Equation of state, phase behaviour, carbon dioxide.

(Coy)
Diphenylmetnane — n-Hexadecane , Ethylbenzene , Diphenylethane
(358.15 - 298.15) n — Hexadecane  (Ny)
Y
(( )
(coz) ,
n — Hexadecane ,
( )
(Las)
(N2) (CO)
. (Redlich — Kwong)
(Lag)
Lag=1-aag (aA aB)_ 05 .. (1)

Directorate of Chemistry & Petrochemical Industry, Ministry of Science & Tech.
747
https:/doi.org/10.30684/ etj.26.7.2

University of Technology-Iraq, Baghdad, Iraq/2412-0758
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/ etj.26.7.2

Eng. & Tech., Vol. 26, No. 7, 2008
For Prediction phase Data.

Introduction:

The knowledge of the solubility of
gases in liquids of low volatility and
vapor-liquid equilibrium are
frequently required in the design and
operation of separation processes.
Although the Redlich-Kwong
equation of state (4) is comparatively
simple in form .1t is able to provide a
fairly accurate representation of the
volumetric behaviour of both the
liquid and vapor phases. It has been
used by many authors (2, 5, 6). The
original equation is as follows:

RT a
P= T Tos
v—b T™v(v+Db)

The parameters a and b were
originally taken to be independent of
temperature and pressure, being
given for pure components by the
following expressions:

21 2.5
a = 0.4278 %

and:

RT .
b = 0.0867
P

The Redlich-Kwong equation of
state gives reasnable description of
the volumetric properties not only of
pure components but also of
mixtures, particularly hydrocarbons
mixtures. The following rules are

frequently used to obtain the
parameters a and b for binary
systems:

Redlich-Kwong Equation of State Used

a=Xia, + Xa, +2X,Xga,q
and:
b= X ,b, + X zb,
........ )

where:

A = (aAaB)O'S(l_ L)

a,g Is the interaction constant for

the two components A & B. This
guantity depends upon the Redlich-

Kwong parameters a, & a, for the

pure components A and B and also
on Lag the interaction constant.
When phase equilibrium in binary
systems using the Redlich-Kwong
equation, it is necessary to calculate
the fugacity of each component
present in each phase.

For equilibrium between two
phases the fugacity of any
component present in the phases
should be the same in each phase.
The fugacities are calculated from
the Redlich-Kwong equation and
phase compositions are found by trial
and error such that these equations
are satisfied at given temperature and
pressure .The equation used for
calculating the fugacity of a
component (A) in a binary system
from the (R.K) equation is :
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where
f, 1 is the fugacity of
component (A) in the given
phase.

X, :isthe mole fraction of

component (A) in the given
phase at temperature T(°K)
and pressure P atm., V is the
molar volume.
a,b, : are Redlich-Kwong
constants for component A.
aghg : are Redlich-Kwong
constants for component B.

Apg The interaction

Redlich-Kwong constant of
the two component A and B.

Experimental

Solubilities were predicted as
functions of temperature using The
Redlich-Kwong equation with a
constant value for the interaction
parameter Lag. The value of A and B
for the components were calculated
from equations (3) and (4), and were

+ i
V-b) RS

Redlich-Kwong Equation of State Used

taken to be independent of
temperature. The values used are
given in table (1).

The values of (A) and (B) for the
mixtures were calculated from
equation (4).

The value for Lag was chosen to give
an exact fit to the solubility at the
temperature shown with on asterisk
in table (2). This temperature at
298.15 k except for solvents which
were solid at this temperature .

The mole fraction solubility of
CO; in ethyl benzene was measured
by King et al (1983), at normal
pressure and over temperature range
296.15-333.15 K.

The interaction constant Lag
Was determined by fitting the mole
fraction of solubility of CO; in the
solvents and of N, In n-Hexadecane
by using Redlich-Kwong equation of
state. The relationship of interaction
constant is used in the calculations of
phase behavior. The results obtained
were compared with experimental
data .it gives good representation of
phase equilibrium.
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Results & Discussion:

The Solubility of CO, in the non-
volatile Solvents of n-Hexadecane,
Diphenyl methane, Diphenyl ethane,
Ethyl benzene and of N, in
n- Hexadecane, at temperature range
298.15-358.15 °K at a partial pressure
of one atmosphere were
experimentally measured by falling-
film flow technique Kassim, D. M.
(2981) .

These data are summarized in
table (2). It is seen the solubility of
CO, decrease as temperature increase
in most cases, thought in case of
N, /n-Hexadecane the reverse is true.
The effect is probably related to the
decrease in solvent density which
occurs as the temperature rises.

Table(1)

Redlich-Kwong Equation of State Used

In case the system N,/n-
Hexadecane of law solubility this
effect due to counter balance the
increase  tendency  for  solute
molecules to ‘“escape" from the
solvent arising from their increase
Kinetic energy.

The values of Lag are evaluated
by fitting equation (5) against the
mole fraction solubility of CO, in
each solvents and of N, in n-
Hexadecane also, as presented in table
(2). The (*) Lap fitted at temperature
shown with asterisk, using a suitable
computer program at each
temperature.

The value of A and B for the components were calculated from equations (3) and
(4), and were taken to be independent of temperature.

Solvents, Gases 3A 2 1 3B

’ (atm)(dm°/mol)“ (k ™) (dm?)/mol
n-Hexadecane 2867.96 0.366181
Diphenyl ethane 1675.75 0.182663
Diphenyl methane 1681.60 0.194305
Ethyl benzene 765.15 0123261
Carbon dioxide 63.77 0.029686
Nitrogen 15.38 0.026801
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Table (2)
Prediction of the mole fraction solubility of CO, and N, at partial pressure of one
atmosphere from the Redlich-Kwong equation of state:

System TEK)  X'epx10* X'grkx10" Lag

*208.15 715 715
CO,/ 303.15 68.7 68.9 0.92
CsHio 301.15 63.0 64.4 '
333.15 55.3 57.5
*303.15 79.2 79.2
313.15 70.9 73.1
CO,/ 323.15 62.6 68.2 0.20
CisHiz 333.15 57.7 64.0 :
343.15 53.3 60.4
353.15 49.8 57.4
*333.15 76.1 76.1
338.15 70.9 73.6
8O|2_’| 343.15 67.3 71.0 0.14
147714 353.15 59.1 66.6
358.15 55.3 64.6
*200.15 139.4 139.4
303.15 129.9 133.5
co,/ 313.15 120.2 124.5
CHZ 323.15 108.0 117.0  0.19
167 T34 333.15 100.0 110.7
343.15 94.0 105.3
353.15 87.6 100.7
*298.15 12.5 12.4
303.15 12.7 12.7
313.15 13.2 13.5
N2/ C1sHa 333.15 14.0 14.9 0.80
343.15 14.2 15.6
353.15 14.2 -

*Lag Fitted a temperature shown with asterisk
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