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1. Bubble Point Pressure

2. Medium-Pressure NMR Spectroscopy
3. Isochoric Saturation Technique

4. Isobaric Saturation Technique

5. Magnetic Suspension Balance

6. Volumetric Method

7. Gravimetric Microbalance

8. Extraction Technique
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1. Stokes-Einstein

2. Wilk - Chang

3. Semi-infinite Volume

4. Transient Thin-liquid Film

5. Lag Time Method

6. Graphical Method

7. Dynamic Pendent Drop Shape Analysis (DPDSA)
8. Refraction of Electromagnetic Radiation
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1. Chemical Abstract Service (CAS) Number
2. SIGMA-ALDRICH Company
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1. Gas Sample
2. Manifold
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Introduction

The production of liquefied petroleum gas (LPG) is
demanding LPG sweetening and its relative facilities
hasbeen increased. Hydrogen sulfide (H,S), mercaptans
(RSH), carbon dioxide (CO,), carbonyl sulfide (COS)
[1], carbon disulfide (CS2) and elemental sulfur are
known as the most common contaminants present in
LPG [2].

Amine solutions in industrial uses have this defect
that in the regeneration stage, the transfer of water
vapors to the gaseous environment is unavoidable and
also alkyl amines may turn into corrosive by-products
due to destruction and decomposition, which makes it
industrially and economically expensive. Therefore,
in the study of thermodynamic and transfer processes
such as solubility and diffusion, the use of physical
solvents and hybrid solvents can be evaluated as a
suitable alternative. The sulfinol process developed
by Shell Company in the 1960s [3] or the Parsi-Sol
process that was offered by the Oil Industry Research
Institute [4] are two important processes in this area.
In the sulfinol process, the mixture of solvents used
was the mixture of DIPA, sulfolane and water and was
first known as (Sulfinol-D) for the first time. Later,
DIPA was replaced by MDEA and it was named as
Sulfinol-M solvent, and then by adding piperazine as
an absorption accelerator, it was named Sulfinol-X.

To study the structural and thermodynamic properties
and transfer properties of gases in liquid solutions,
there are three approaches in scientific articles, which
are:

1- Computer simulation methods which include
molecular dynamics method and Monte Carlo method.

Accepted: August/31/2024

2- Modeling using state equations and correlation
equations.

3- Experimental methods. In this area, many works
have been published in literatures. To determine the
solubility of gases in liquid solutions, we can refer to
some examples of experimental methods, which are: 1-
Bubble point pressure method 2- NMR spectroscopy
method 3- isochoric saturation technique 4- isobaric
saturation technique 5- Magnetic suspension balance
method 6- Volumetric methods 7- Gravimetric
microbalance method 8- Extraction methods.

To determine experimentally the diffusion coefficient
of gases in liquid solutions, there are generally
two classifications. The first is the direct method in
which the concentration of the dissolved gas along
the direction of penetration is directly measured at
different times, which requires careful analysis [5] and
it is also a time-consuming and expensive method, and
the second method is an indirect method, in which a
quantity changing with diffusion are measured, and
according to the relationship between the diffusion
and the measured quantity, the diffusion coefficient
was measured. One of the positive features of this
method is that it does not have the problems caused by
direct measurement of the composition of the system
or the concentration of the species in the system. Such
quantities can be pressure, velocity of the interface,
strength of the magnetic field or the volume of the
solution.

Due to the fact that measuring temperature and pressure
as well as the rate of pressure drop in laboratories is a
relatively easier and simpler method, in this report, we
use the isochoric saturation method to measure
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solubility and and the infinite volume method to
measure the diffusion coefficient of propane gas in
sulfolane.

Materials and Method

Sulfolane with CAS Registry number (126-33-0) was
purchased from Sigma Aldrich Company with a purity
of > 99 wt% containing 0.2 wt% of water, Propane
with CAS Registry number (74-98-6) was purchased
from Roham Company with a purity of 99.5 mol%. All
solutions were prepared by calibrated balance (Mettler
model AE 200) with a standard deviation of + 0.001 g.
Apparatus and Procedure

The isochoric saturation method for the gas absorption
measurement [6] and pressure drop method for gas
diffusivity assessment in physical solvents have been
previously presented in detail [7,8] (Fig. 1) and only a
short explanation would present here.

A stainless-steel gas sample with volume of 131.8
+ 1.5 cm?® through a needle valve was connected to
a double-wall stainless steel equilibrium cell with
volume of 107.1 £ 1.3 cm?®. The equilibrium cell was
joined to water recirculation bath (LAUDA E 100).
The temperature of the cell was watched using a
digital thermometer equipped with a Pt- 100 sensor.
The pressure of gas sample and equilibrium cell were
monitored using pressure gauge sensors. The amount
of gas dissolved in solvent is obtained with Equation
1:

n;g :(pi'pf)'Vgc _(VEC _Vs)'pag (1)
where Vgc, V.. and V are respectively the gas sample
volume, the equilibrium cell volume and the gas-free
solvent volume. p, and p, are the initial and final state of
gas molar density in gas sample. p__is density of acid

gas at the equilibrium temperature and pressure, P, .

Density of acid gases (p,, p; and p,, ) were taken from

the National Institute of Standards and Technology
(NIST) for pure compounds [9]. Furthermore, the
uncertainty for solubility was estimated with error
propagation theory [10].

The mathematical formulation of diffusion coefficient
of gases in physical solvent was derived and developed
by Crank [11]. By this method, the process of data
acquisition was done manually through the watching
of pressure - time during the time in which the
conditions of semi-infinite volume were fulfilled, and
the magnetic stirrer was turned off. The first condition
is that the gas concentration at the surface of liquid
phase is in semi-equilibrium with that in the gas phase
and follow a linear equation with square root of time.

C.,=C,  +k \/t— )
In Equation 2, C__, = C (0, 0) is the surface
concentration at time t=0 and k is a proportional
constant which both were empirically estimated using
Equation 2. C_, was calculated using the ratio of
instantaneous pressure to Henry’s constant on molarity
scale. Solving the second Fick’s law using Equation 2
as a constraint, the concentration of diffusing gas in
liquid phase is:

C= Cx t= Oe’f

o] 0

The cumulative amount of gas in RTILs, M, at time
t can be obtained with the expression defined with
Equation 3, and thereby the diffusivity of gas can
be measured via the slop of the linear correlation of

Equati0n4
wf[0%] Jo- { [_kﬂ e @

As a boundary condition in semi-infinite volume, the
diffusing gas should not touch the cell’s bottom in the

course of the experimental run; therefore, Equation 3
was used to check the concentration of gas at the cell’s

Air or Vacuum

Vent
—

Fig. 1 Experimental set up for measuring the solubility and diffusivity of gas in liquid phase.



bottom at different time and its validation was checked
during the experimental runs.

Results and Discussion

Before measuring the solubility and diffusivity data,
the verification of the developed set up should be
investigated. In the article recently published by the
present authors [12], the accuracy of the solubility
and diffusivity of carbon dioxide in ionic liquid was
verified.

In Table 1, the solubility data of propane in sulfolane
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are given at temperatures of 303.15, 313.15, 323.15
and 333.15 K and a pressure range of 0.1 MPa to ~1.0
MPa. As it is clear from the data reported in Table 1,
the solubility of propane decreases with increasing
temperature and increases linearly with increasing
pressure, which indicates the type of physical
absorption. In Table 2, the experimental data of the
diffusion coefficient of propane at temperatures of
313.15, 323.15 and 333.15 K and the initial pressure
of the injected gas are given.

Table 1 Experimental solubility data for Propane / Sulfolane system.

T/IK P/MPa X u(x) m/ mol.kg™! u(m)
0.0970 0.0046 0.0010 0.038 0.008
0.2255 0.0105 0.0013 0.089 0.011
0.3850 0.0174 0.0012 0.148 0.010
303.15 0.4851 0.0212 0.0021 0.180 0.018
0.0611 0.0268 0.0027 0.229 0.023
0.8085 0.0365 0.0025 0.316 0.021
0.0990 0.0041 0.0010 0.035 0.008
0.2390 0.0099 0.0013 0.083 0.011
0.4050 0.0168 0.0012 0.142 0.011
313.15 0.5100 0.0205 0.0019 0.174 0.016
0.6460 0.0255 0.0020 0.218 0.017
0.8583 0.0349 0.0022 0.301 0.019
0.0996 0.0035 0.0010 0.030 0.009
0.2520 0.0093 0.0014 0.078 0.011
0.4270 0.0159 0.0014 0.134 0.011
323.15 0.5370 0.0196 0.0019 0.166 0.016
0.6762 0.0250 0.0021 0.213 0.018
0.9070 0.0335 0.0023 0.289 0.019
0.1010 0.0031 0.0010 0.026 0.008
0.2671 0.0086 0.0012 0.072 0.010
33315 0.4491 0.0151 0.0015 0.128 0.012
0.5631 0.0188 0.0015 0.159 0.013
0.7103 0.0240 0.0018 0.205 0.015
0.9538 0.0325 0.0019 0.280 0.017
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Table 2 Experimental diffusivity of Propane in Sulfolane accompanied with pressure drop range and uncertainty of diffusion

coefficient.
T (K) (MPa) AP D (cm?s'x10%) u(D) (cm2.s'x10°)
313.15 0.143-0.138 5.6 0.25
323.15 0.147 - 0.141 10.29 0.45
333.15 0.150-0.144 16.07 0.81
Conclusions heavy oils; L. G. Hepler, C. His, Eds.; Alberta

The solubility and diffusion coefficient of propane
in the physical solvent of sulfolane were measured
by isochoric saturation and infinite volume methods,
respectively, and the measured values show that 1)
gas solubility decreases with increasing temperature
and increases with increasing pressure. 2) With
the increase in temperature due to the increase in
molecular movement, the diffusion coefficient of
propane increases in infinite dilution of the solvent.
3) Modeling of propane solubility in sulfolane solvent
was done by Peng-Robinson-Stryjek-Vera cubic
equation of state with Panagiotopolous-Reid mixing
rule and the results obtained by the model are in
acceptable agreement with the experimental results.
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