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Abstract

The removal of carbon dioxide due to environmental problems is still of Received: 27 February 2022
great interest to researchers. In this study, simulation of carbon dioxide Accepted: 20 May 2023
removal by absorption four amine base solvents including; Page Number: 8-21

monoethanolamine (MEA), diethanolamine (DEA), methyl
diethanolamine (MDEA) and aminomethylpropanol (AMP) in
a polypropylene hollow fiber membrane reactor is investigated.
A comparative study for solvents by multi-physics Comsol software based
on fluid dynamics (CFD) calculations is performed. The results showed

that the best adsorption rate was obtained by MEA solvent with 88% CO, Keywords:
absorption rate. The absorption of carbon dioxide by each amine-based CO, Removal,
solvents in the references is investigated separately. The simulation Membrane,

results are validated separately for each solvent. An acceptable Amine Based Solvents,
consistency is obtaned between the present simulation data and Simulation,

the results of others given refrences. Finally, as a result of this study, it is Polypropylene

shown that the present simulation is powerfully provided suitable and
alternative data for carbon dioxide removal by each four traditional
amine-based solvents in compare with the available experimental data.
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Figure 1. Distribution of greenhouse gases in the Earth's
atmosphere, in 2018 until December 22 [5-7].
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Figure 2. Schematic diagram of carbon dioxide separation by
MEA solvent in a polypropylene hollow fiber membrane
contactor [2].
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Figure 3. Different parts of a polypropylene hollow fiber membrane contactor [10].
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Figure 4. Different chemical reaction mechanisms between MEA and CO; [11-14].
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Figure 5. Comparison of simulation results of different concentrations of carbon dioxide removal (dimensionless) in terms of membrane
length (dimensionless) with changes in gas flow rate along the entire membrane reactor by adsorption of four amine-based solvents in the
polypropylene hollow fiber membrane contactor.

Biz lime i (i g al oo Gl S wo 0 VY a4
Silmdad ;3 09,0 SV 5551, (29,5 0 (S aeSTss
Sy e s R sl ple 390 50 alie jobay jol>

e oo 0daline S5 g0 o 10 i Olyns 5 elie

@l )5S1) S Jsb o a5 eud esls (lis 55 (0-(7) USO8
s9bas el MEA Pl 0 SacaSlgs ol gl P e
Olye a8l @ -mMIN) Lyl wolo by (23 o5 (585 o3
o3 HeSly (29,5 0 MEA Pl sl (nSuenSlss @i
Ve lie 5 alad )eu81, U5 Jsb )3 COp (25,5 clale 5 Ly

(1Y) g 9 340 o losd — I I Jw = gl (Goud (e Jdgo A 3uin




J

>
A-Y) o — ol )50 g (O e

S daSliss O

2L sladl=> L

Tab

e lins )9Sy o

|

b N EA
3 i AMP
5 —— DEA
—— MDEA

carbon dioxide

Dimensionless concentration of

18 23 25 10 35 40 45 50 53
Membrane length (meters) x10?
(a)V'\V[\']&‘).A:)‘(Q‘J&A\g&i%h&_)w)éu&ad_)y

(a) Study case [10](Mohammad Reza & Ahmad Raza(2017) From Persian reference)

<
N

s 0/9

<

I o/s

c

8

507

£

g 06

g —AwP
S o5

g ——DEA
o o4 ——MDEA
4

b J—

L o3 VEA
8

2

§

E

[=]

<
=

°©

0 01 02 03 o4 o5 o6 07 08 09 1
Dimensionless Length [Z/L]

(b) (MEA <MDEA <DEA < AMP) :yala (55ladunnds
(b) Present simulation (MEA <MDEA <DEA < AMP)

Job crua s (00 mi/min) Gila J¥a Gl o Sl (s b (s ( gua) CO; Clile &l jaadS () a0 (6 Lowdandh gl dewalio -7 JSii
gl A 55 SLll (lhd Suiaspulel by (liid 93815 US Yok (Sselnly I Hlen A 03 Aacu e (a23 (ygus) Lt

QL=0++ ml/min, n=¥#++ T=YAAK. €/t="/Y, Csoren= */* * Omol/m*
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Qv = 500 ml/min, n= 3600 T = 298K. £/t=0/2, Coiyen= 0/005 mol/m’
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Figure 7. Comparison of simulation results of changes in carbon dioxide output concentration along the entire membrane
reactor with polypropylene hollow fiber membrane contactor in terms of membrane length (dimensionless) by
different concentrations of MEA solvent.
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Figure 10. Simulation results of changes in carbon dioxide concentration (dimensionless) along the entire membrane reactor in the
polypropylene hollow fiber membrane contactor in terms of membrane length (dimensionless) by AMP and MEA solvent concentrations.
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Figure 11. Comparison of Simulation Results of Carbon Dioxide Removal Changes in Polypropylene Hollow Fiber Membrane

Contactor with MEA Solvent in terms of Different Concentrations of Absorbent Solvent.
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