¢ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2019.23502

142 (2019) 136-139
February

Multiscale computational modeling of organic compounds separation

using microporous membranes

Mashallah Rezakazemi?, Saeed Shirazian®*

“Faculty of Chemical and Materials Engineering, Shahrood University of Technology, Shahrood, Iran
"Department for Management of Science and Technology Development, Ton Duc Thang University,

Ho Chi Minh City, Vietnam; email: saeed.shirazian@tdtu.edu.on

Faculty of Applied Sciences, Ton Duc Thang University, Ho Chi Minh City, Vietnam

Received 26 July 2018; Accepted 24 November 2018

ABSTRACT

Computational modeling and numerical simulation of separation processes have been carried out in
this work. A computational model is developed and numerically solved to calculate and obtain the
concentration of a liquid solution in a pervaporation membrane process. The model considers basic
conservation equations for the solution of water/alcohol in a membrane separation process. The gov-
erning equations are then solved and interpreted using computational fluid dynamics approach in
order to optimize and design the process of interest. The results of computational simulations indicate
that the model is well developed and can predict the performance of separation process with high

accuracy.

Keywords: Computational modeling; Numerical simulation; Purification; Alcohol; Water

1. Introduction

Development of theoretical models for prediction,
design, and optimization of chemical processes is of great
importance [1-4]. Among various chemical processes, sep-
aration processes play a crucial role in chemical industry
and optimization of chemical processes can improve the effi-
ciency of the whole process significantly [5-12]. Theoretical
modeling and simulation of separation processes can be a
great tool in order to better understand the process, and can
design the process at both pilot and industrial scale [13-16].
There are different types of models developed for process
modeling and simulation available in literature including
artificial neural network models, mechanistic models, and
semi-mechanistic models. Application of each modeling
approach depends on the process and different phases avail-
able in the process [12,17-22]. Recently computational fluid
dynamics approach has attracted much attention in process
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modeling and simulation [23-28]. Some authors have used
different modeling approaches for simulation of chemical
processes [29-37].

In this study, a computational model is developed for
simulation of a chemical process used for separation and
purification of water/alcohol solutions. The model is devel-
oped based on conservation equations and the computational
fluid dynamic approach is used for numerical simulation of
the process.

2. Computational model of the process

For the development of the computational model, a
geometry of process is drawn which is shown in Fig. 1. As
seen, the process involves separation of a solution of water/
alcohol by a membrane which divides the two solutions.
The membrane acts as a separation medium for two phases
and the separation occurs during the membrane module.
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Fig. 1. Model geometry for computational simulation.

The membrane processes have been extensively used in lit-
erature for separation and purification of aqueous liquid
and gas streams and theoretical and experimental analysis
are available for modeling and numerical simulation of the
process. Finite element method (FEM) was used to solve
the problem. The mass transfer in the polymer is Maxwell—-
Stefan’s diffusion.

A mechanistic model is developed here in order to track
the different quantities of interest for the process such as
concentration, velocity, and pressure. It has already reported
in the literature that the concentration continuity equation
along with thermodynamic approaches is a great tool for
modeling of chemical processes. Therefore, conservation
equation can be written as [38]:

acC
= +Vx(J,+C,V)=R, (1)

The reaction term is omitted as there is no chemical
reaction involved in this process.

2.1. Numerical calculations

The derived equations of the model [Eq. (1)] are
numerically solved by appropriate solver and conditions in
order to simulate the process. As a starting point, the whole
geometry of model needs to be discretized which is shown
in Fig. 2. In this study, FEM was coupled with adaptive mesh-
ing and error control using numerical solver of UMFPACK
version 4.2.

3. Results and discussion

The concentration of the solute in the process is shown
in Fig. 3 as a colorful two-dimensional distribution which
has been obtained by numerical solution of Eq. (1) using
computational fluid dynamics approach. Fig. 4 also shows
the contour of diffusive flux. The approach seems to be
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Fig. 2. Mesh element size used in the computations.
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Fig. 3. Concentration distribution and arrows of total mass
transfer flux of solute.

efficient in the modeling of the process and the concentra-
tion distribution of different species can be easily calculated
in the process. Therefore, the methodology developed in this
work is capable of prediction and optimizing the chemical
separation processes.
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Fig. 4. Contours of diffusive flux inside the membrane and total
flux of solute in the feed side.

4. Conclusions

A numerical methodology has been developed in this
study in order to simulate the chemical separation processes
used for purification and isolation of chemical compounds.
The considered process is a membrane-based separation
in which the equations of conservations were derived and
numerically solved for various species in the process. The
governing equations were then solved using the compu-
tational fluid dynamic approach in order to calculate the
concentration of species in the process. The results indicated
that the methodology is robust and efficient and can be used
for computational modeling of processes.

References

[1] S.M. Safdarnejad, J.D. Hedengren, K.M. Powell, Performance
comparison of low temperature and chemical absorption
carbon capture processes in response to dynamic electricity
demand and price profiles, Appl. Energy, 228 (2018) 577-592.

[2] M.M. Moftakhari Sharifzadeh, A. Ebadi Amooghin, M. Zamani
Pedram, M. Omidkhah, Time-dependent mathematical
modeling of binary gas mixture in facilitated transport
membranes (FTMs): a real condition for single-reaction
mechanism, J. Ind. Eng. Chem., 39 (2016) 48-65.

[3] H.Sanaeepur, O. Hosseinkhani, A. Kargari, A. Ebadi Amooghin,
A. Raisi, Mathematical modeling of a time-dependent extractive
membrane bioreactor for denitrification of drinking water,
Desalination, 289 (2012) 58-65.

[4] A.A. Shamsabadi, A. Kargari, F. Farshadpour, S. Laki,
Mathematical modeling of CO,/CH, separation by hollow fiber
membrane module using finite difference method, J. Membr.
Sep. Technol., 1 (2012) 19-29.

[3]

[6]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

M. Rezakazemi, S. Shirazian / Desalination and Water Treatment 142 (2019) 136—-139

M. Sadrzadeh, M. Rezakazemi, T. Mohammadi, Fundamentals
and measurement techniques for gas transport in polymers,
S. Thomas, R. Wilson, S. Anil Kumar, S.C. George (Eds.) Transport
Properties of Polymeric Membranes, Elsevier, 2018, pp. 391-423.
M. Rezakazemi, M. Sadrzadeh, T. Mohammadi, Separation
via pervaporation techniques through polymeric membranes,
R. Wilson, S. Anil Kumar, S.C. George (Eds.) Transport
Properties of Polymeric Membranes, Elsevier, 2018, pp. 243-263.
M. Rezakazemi, M. Sadrzadeh, T. Matsuura, Thermally stable
polymers for advanced high-performance gas separation
membranes, Prog. Energy Combust. Sci., 66 (2018) 1-41.

M. Rezakazemi, M. Sadrzadeh, T. Mohammadi, T. Matsuura,
Methods for the preparation of organic-inorganic nano-
composite polymer electrolyte membranes for fuel cells,
D. Inamuddin, A. Mohammad, AM. Asiri (Eds.) Organic-
Inorganic Composite Polymer Electrolyte Membranes, Springer
International Publishing, Cham, 2017, pp. 311-325.

M. Rezakazemi, S. Mirzaei, M. Asghari, J. Ivakpour, Aluminum
oxide nanoparticles for highly efficient asphaltene separation
from crude oil using ceramic membrane technology, Oil Gas
Sci. Technol. Rev. IFP Energies Nouvelles, 72 (2017) 34.

M. Rezakazemi, M. Maghami, T. Mohammadi, High loaded
synthetic hazardous wastewater treatment using lab-scale
submerged ceramic membrane bioreactor, Period. Polytech.
Chem. Eng., 62 (2018) 299-304.

M. Rezakazemi, A. Vatani, T. Mohammadi, Synthesis and gas
transport properties of crosslinked poly(dimethylsiloxane)
nanocomposite membranes using octatrimethylsiloxy POSS
nanoparticles, J. Nat. Gas Sci. Eng., 30 (2016) 10-18.

M. Rezakazemi, A. Ebadi Amooghin, M.M. Montazer-Rahmati,
AF. Ismail, T. Matsuura, State-of-the-art membrane based
CQO, separation using mixed matrix membranes (MMMs): an
overview on current status and future directions, Prog. Polym.
Sci., 39 (2014) 817-861.

M. Rezakazemi, S. Shirazian, S.N. Ashrafizadeh, Simulation
of ammonia removal from industrial wastewater streams by
means of a hollow-fiber membrane contactor, Desalination, 285
(2012) 383-392.

M. Rezakazemi, A. Khajeh, M. Mesbah, Membrane filtration of
wastewater from gas and oil production, Environ. Chem. Lett.,
16 (2018) 367-388.

E. Norouzi, C. Park, Numerical analysis of a direct contact
membrane distillation system using diesel internal combustion
engine waste heat, Desal. Water Treat., 106 (2018) 40-50.

DJ. Park, E. Norouzi, C. Park, Experimentally-validated
computational simulation of direct contact membrane distillation
performance, Int. J. Heat Mass Transfer, 129 (2019) 1031-1042.
M. Rezakazemi, A. Vatani, T. Mohammadi, Synergistic inter-
actions between POSS and fumed silica and their effect on the
properties of crosslinked PDMS nanocomposite membranes,
RSC Adv,, 5 (2015) 82460-82470.

M. Rezakazemi, K. Shahidi, T. Mohammadi, Synthetic PDMS
composite membranes for pervaporation dehydration of
ethanol, Desal. Water Treat., 54 (2015) 1542—-1549.

B.Baheri, M. Shahverdi, M. Rezakazemi, E. Motaee, T. Mohammadi,
Performance of PVA/NaA mixed matrix membrane for removal
of water from ethylene glycol solutions by pervaporation, Chem.
Eng. Commun., 202 (2014) 316-321.

M. Shahverdi, B.Baheri, M. Rezakazemi, E.Motaee, T. Mohammadi,
Pervaporation study of ethylene glycol dehydration through
synthesized (PVA-4A)/polypropylene mixed matrix composite
membranes, Polym. Eng. Sci., 53 (2013) 1487-1493.

M. Rezakazemi, K. Shahidi, T. Mohammadi, Sorption properties
of hydrogen-selective PDMS/zeolite 4A mixed matrix
membrane, Int. . Hydrogen Energy, 37 (2012) 17275-17284.

M. Rezakazemi, K. Shahidi, T. Mohammadi, Hydrogen
separation and purification using crosslinkable PDMS/zeolite
A nanoparticles mixed matrix membranes, Int. J. Hydrogen
Energy, 37 (2012) 14576-14589.

S.M.R. Razavi, SM.J. Razavi, T. Miri, S. Shirazian, CFD
simulation of CO, capture from gas mixtures in nanoporous
membranes by solution of 2-amino-2-methyl-1-propanol and
piperazine, Int. J. Greenhouse Gas Control, 15 (2013) 142-149.



[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

M. Rezakazemi, S. Shirazian / Desalination and Water Treatment 142 (2019) 136139

M. Rezakazemi, Z. Niazi, M. Mirfendereski, S. Shirazian,
T. Mohammadi, A. Pak, CFD simulation of natural gas
sweetening in a gas-liquid hollow-fiber membrane contactor,
Chem. Eng. J., 168 (2011) 1217-1226.

M. Rezakazemi, M. Shahverdi, S. Shirazian, T. Mohammadi,
A. Pak, CFD simulation of water removal from water/ethylene
glycol mixtures by pervaporation, Chem. Eng. J., 168 (2011)
60-67.

A. Hekmat, A.E. Amooghin, M.K. Moraveji, CFD simulation of
gas-liquid flow behaviour in an air-lift reactor: determination
of the optimum distance of the draft tube, Simul. Model. Pract.
Theory, 18 (2010) 927-945.

P. Moradi Shehni, A. Ebadi Amooghin, A. Ghadimi, M. Sadrzadeh,
T. Mohammadi, Modeling of unsteady-state permeation of
gas mixture through a self-synthesized PDMS membranes,
Sep. Purif. Technol., 76 (2011) 385-399.

S. Rowshanzamir, S.M. Safdarnejad, M.H. Eikani, A CFD model
for methane autothermal reforming on Ru/y-AlO, catalyst,
Procedia Eng., 42 (2012) 2-24.

E. Soroush, S. Shahsavari, M. Mesbah, M. Rezakazemi,
Z. Zhang, A robust predictive tool for estimating CO, solubility
in potassium based amino acid salt solutions, Chin. J. Chem.
Eng., 2018, https://doi.org/10.1016/j.cjche.2018.03.012.

M. Rezakazemi, I. Heydari, Z. Zhang, Hybrid systems:
combining membrane and absorption technologies leads to
more efficient acid gases (CO, and H,S) removal from natural
gas, ]. CO, Util,, 18 (2017) 362-369.

M. Mesbabh, E. Soroush, M. Rezakazemi, Development of a least
squares support vector machine model for prediction of natural
gas hydrate formation temperature, Chin. J. Chem. Eng., 25
(2017) 1238-1248.

(32]

[33]

[34]

(35]

[36]

(37]

[38]

139

A. Azimi, A. Azari, M. Rezakazemi, M. Ansarpour, Removal of
heavy metals from industrial wastewaters: a review, Chem. Bio.
Eng. Rev., 4 (2017) 37-59.

E. Farno, M. Rezakazemi, T. Mohammadi, N. Kasiri, Ternary
gas permeation through synthesized PDMS membranes:
experimental and CFD simulation based on sorption-dependent
system using neural network model, Polym. Eng. Sci., 54 (2014)
215-226.

M. Rostamizadeh, M. Rezakazemi, K. Shahidi, T. Mohammadji,
Gas permeation through H,-selective mixed matrix membranes:
experimental and neural network modeling, Int. J. Hydrogen
Energy, 38 (2013) 1128-1135.

M. Rezakazemi, T. Mohammadi, Gas sorption in H,-selective
mixed matrix membranes: experimental and neural network
modeling, Int. ]. Hydrogen Energy, 38 (2013) 14035-14041.

M. Rezakazemi, S. Razavi, T. Mohammadi, A.G. Nazari,
Simulation and determination of optimum conditions of
pervaporative dehydration of isopropanol process using
synthesized PVA-APTEOS/TEOS nanocomposite membranes
by means of expert systems, ]. Membr. Sci., 379 (2011) 224-232.
A. Ebadi Amooghin, P. Moradi Shehni, A. Ghadimi,
M. Sadrzadeh, T. Mohammadi, Mathematical modeling of mass
transfer in multicomponent gas mixture across the synthesized
composite polymeric membrane, J. Ind. Eng. Chem., 19 (2013)
870-885.

A. Muhammad, M. Younas, M. Rezakazemi, Quasi-dynamic
modeling of dispersion-free extraction of aroma compounds
using hollow fiber membrane contactor, Chem. Eng. Res. Des.,
127 (2017) 52-61.



	OLE_LINK6
	OLE_LINK7
	OLE_LINK8
	OLE_LINK9
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38

