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Abstract

Membrane separation processes are interesting compared with Received: 29 July 2023
the traditional processes such as distillation, extraction, absorption, etc. Accepted: 10 October 2023
due to their superior advantages. Development and simulation of Page Number: 102-119

a precise mathematical model for description of phenomena occurred
during permeation and transfer of components through membrane could
enable one to improve their design, application and operation. In this
research a two-dimensional model was used for simulation of CO, and
H>S removal from their mixture with CH4 (as a representative of natural
gas sweetening) by absorption on MDEA aqueous solution in
polypropylene hollow fiber membrane contactors. The model was solved
and simulated using computational fluid dynamic (CFD) in COMSOL
software by finite element method. Validation of the simulated CO- fluxes
(0.4 - 2.5 x 10°° mol/mZ.s) through the membrane vs. liquid phase velocity
vs. experimental data reveled minimum, average, and maximum errors of
3.45, 9.56, and 17.45 % and those for the gas phase velocity were 2.64,
4.31, and 5.59 %, respectively. The results showed that the gas and liquid Keywords:
absorbent phases’ velocities are the most important affecting factors on
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the acid gas removal. Also, the liquid phase mass transfer resistance was Hollow Fibers,

found determining. With increase in membrane porosity, absorbent Membrane Contactor,
concentration and gas phase temperature, the gas outlet’s CO3 Natural Gas Sweetening,
concentration were reduced by 45, 68, and 17.5 %, respectively. Simulation,

Increment in the gas and absorbent velocities, reduced and increased
the CO; absorption flux by 15 % and 4.5-fold, respectively. Simultaneous
removal of H,S and CO> reduces the only CO, removal efficiency by~8 %.
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Table 1. HFMC data used for simulation in the current study[20].
Variable/Parameter

Variable/Parameter

Module ID mm 14 Tortuosity of Hollow Fibers Pores - 4
Module Length mm 270 Diameter of Hollow Fibers Pores Nm 9.6
Hollow Fibers OD um 950 Hollow Fibers Counts - 30
Hollow Fibers ID pm 600 Porosity of Hollow Fibers % 77.1
Hollow Fibers Effective Length mm 150 Module Specific Surface Area m2/m® 582
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Figure 1. Schematic representation of a hollow fiber membrane and it’s associated in and out phase flows.
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Figure 2. Mesh count impact on the CO, outlet concentration and liquid linear velocity of HFMC.
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Figure 3. Simulated and experimental CO, adsorption fluxes in different linear velocity of (a) liquid phase (AARE of 9.56 %) and (b) gas
phase (AARE of 4.31 %). Experimental data were gathered from Mansourizadeh [20].
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Figure 5. Velocity contour in the gas, the membrane and the liquid absorbent phases inside HFMC.
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Figure 6. Radial velocity profile inside HFMC: (a) liquid absorbent and (b) gas phase. z is distance from the liquid absorbent inlets.
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Figure 7. Concentration contours in HFMC: (a) H;S, (b) CO,, and (c) MDEA by nonwetting assumption of the membrane pores.
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Figure 8. Dimensionless concentration profile in axial direction of hollow fiber membrane: (a) CO; and H,S, and (c) CO, without H,S.
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Figure 11. Temperature profile of gas, membrane and liquid absorbent phases in HFMC.
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Figure 12. CO, concentration at HFMC outlet in different operating temperatures.
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