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Abstract - The capture of CO, from flue gas and natural gas is essential for the sake of humanity. Aqueous potassium lysinate (LysK)
is a suitable solvent utilized in the CO, capturing process. Regeneration of the rich Lysk solution is crucial for process continuation and
cost-effectiveness. In the present work, a two-dimensional mathematical model that considers both axial and radial diffusion are
established to describe the CO, elimination from rich potassium lysinate solution. The model describes the LysK regeneration process
in a hollow fiber membrane contactor module. The modeling results showed that the carbon dioxide removal ratio is directly proportional
to the amount of carbon dioxide present in the solution and the temperature of the solution. The increase in stripping temperature increases
the percent CO- released from rich solvent.
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1. Introduction

Global warming worries many researchers and countries. Carbon dioxide (CO,) is the topmost donor to universal heating
up. Capture of CO; is the primary answer to escape this alarm. Nowadays, the conventional equipment is the absorption of
CO- in alkanolamine aqueous in a packed bed absorber [1-3]. A substitute solution for the removal of CO from acid gas or
natural gas is the amino acid salts such as potassium lysinate which has high reactivity toward CO2, and they have a
comparable functional group as alkanolamine. This solution solves the problems of the alkanolamine solutions. The low
volatility, reasonably high surface tension, confrontation to degradation are the key features of those amino salts [4]. Various
studied provides the kinetics of these salts [5-11]. Potassium-based absorbents showed a higher reactivity to carbon dioxide
than sodium-based solvents [12]. kinetic data for carbon dioxide uptake in several amino salts are studied [6]. Packed and
alkanolamine solvents are currently used on the industrial scale [13-15]. Despite the great achievement the packed beds with
alkanol amine solvent from being corroded, flooding, regeneration cost [16]. Polymeric hollow fiber liquid-gas membrane
contactor (MC) overcomes the packed column drawbacks [2,16,17]. MC is recommended by several researchers for the CO;
absorption and solvent regeneration (removal of absorbed gas from liquid solution). Membrane material is fabricated from a
hydrophobic polymeric material such as polyvinyl fluoride (PVDF) [18]. AAS such as potassium lysinate have the high
surface tension [19-23]. Membrane fabricated from hydrophobic material are highly recommended [24-27]. Most of the
previous studies focused their attention on modeling and simulating the absorption of CO; in MC using the family amine
solvents (MEA, DEA). Little care has been given to separating co. from rich amino acid solvents [15,28-31]. Therefore, in
the present work, the stripping of CO- from rich LysK solution was mathematically modeled and simulated with Comsol
software version 5.6. The model was utilized to investigate the influence of stripping temperatures, CO, loading, solvent
feed rate in membrane contactor on the stripping efficiency.

2. Model development
The regeneration process of rich aqueous LysK took place in a gas-liquid hollow fiber membrane contactor. Table 1 shows
the dimensions of the hollow fiber membrane.
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Table 1: Structure of the membrane contactor [1]

Property value
fiber inside diameter (mm) 0.42
fiber outside diameter (mm) 1.10
Number of fibers 15
Inner surface area (m?) 5.15x 1073
Diameter of module (mm) 16
Length (mm) 260

Consider isothermal, ideal gas behavior, incompressible fluid, and aqueous potassium lysinate (LysK) is transported in the
tube side. The following mass transport equations describe the regeneration process of the chemical of rich LysK. The
developed mass transport equations are as follow:

2.1 Tube side

Equation (1) describes the mass balance equations for rich LysK flowing in the tube side:

1(0 _(0Cco,t 0%Cco,t _ 9Cco,t
DCOz,t;<5r( arz )) + Dco, .t Tzz + Rco,t = Vst ( azz ) 1)
v, IS described by the equation:
2
=2 (41 _(Z
Vze = nmr? (1 (rl) ) (2)

Where Qq is the liquid volumetric flow rate in the tube side, n is the number of hollow fibers.
Boundary conditions:

at z = 0, C¢op,,: = 0 (initial concentration of C0O,)

0%Cco,t
at z = H, o2z =0
atr = 0, —2-=0
ar

at v = 1, Cco,t =mCcopm

The elementary reversible reaction rate is first order concerning rich LysK.

Tco, = k_1Crysk 3)
_ m3 51kJ/mol

kiysk = 84822 (kmol.K) exp (_ RT ) (4)

kLysK _ —18 11718

2% = 8.2X10 exp( ) ) )

2.2 Membrane side

In this section the transport mechanism in the membrane phase is by diffusion, no convection [32]:
1(0 9Ccoym 0%Ccopm _
Dcom:(a—r" (S )) + Deopym=—— =10 ©)

Nitrogen gas component balance of:
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1( 0 aCNZ’m 62CN2_m _
D (577 (F52)) + Du 55 = 0 "

Egns. 9 to 12 designates the suitable boundary conditions of the membrane side (i: C0O,, N,)

acy,
at z = 0, X2 =0
0z
acy,
at z = H, =2 =0
0z
ac;m ac;t
at r = 1, Di,‘m alT = Di,t 6;‘
at r = 12, Ci,m = Ci,S
2.2 Shell side
The shell side component mole balance
1({0 9Cco,,s 0%Ccoys 0Ccoy,s
DC02,5;<57'( ar ) +DC02'S az UZ'S( oz ) ()
1(d ach,s) 0%Cnys (ach_s)
DNZ'S r <6rr( or + DNZ’S az Vzs 0z )

The shell side's velocity profile [33]

T 2 T 2 T
_ oy B ) 2n()
Vz,s = Vzmax 1- E Y (T\2 o (10)
3+(§) —4(§) +4 ln(g)
The applicable boundary conditions are as follows:
at z = H,C;s = C;o (inlet of sweep gas)
9%Cis
at z = 0, 52 = 0
aCi's aCi,
at r =13, Dis = = Dim a—rm
at r = 13, agis =0
where
1 705
r3 =1, (m) (11)
Eqn. 12 states the void fraction of membrane module (¢):
_ R*-n ri
o= (12)

RZ
Where the inner radius of module is R, the number fibers is n, and outer radius is r.. The governing equations were solved

simultaneously using the finite element method embedded with the software Comsol 5.6.
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3. Results and Discussion

Figure 1 shows the schematic diagram of the CO; stripping process using a hollow fiber membrane contactor from hot
rich aqueous LysK fed to the membrane module's lumen side, where gaseous nitrogen swept the stripped CO; in the module
shell side. Figure 2 depicts the 2D mathematical model simulated results.
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Fig 1: Schematic of the membrane contactor stripping process of CO, from aqueous Lysk.

lean solvent

The aqueous amino acid enters the lumen side showing zero CO, gaseous concentration; the concentration increased
along with the membrane module. Part of the CO, diffuses to through the membrane to the shell side, where it has swept out
with nitrogen gas. Figure 2 presents the CO; surface concentration profile and the direction of the total flux through the
membrane unit. The aqueous LysK enters the lumen side of the membrane contactor module with dissolved CO; in the
solvent during the CO_ absorption process. The gaseous CO, concentration in the rich solvent is negligible. The CO; loading
presents the dissolved CO; concentration in the aqueous LysK. As the hot solvent enters the lumen side, the CO; is released
from the membrane lumen side and diffuses to the shell side due to the CO, concentration gradient. Figure 3 depicts the
effect of CO2 loading on the stripping process.
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Fig 2: (a) surface concentration the gaseous CO; regenerated from LysK across the membrane contactor module, (b) 3D
concentration profile of CO; in the membrane lumen.
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Fig 3: Effect of CO2 loading in the aqueous LysK on CO2 concentration profile along the membrane lumen side.

The stripping temperature has a substantial impact on the percent removal of CO2 from the aqueous LysK. As the
temperature increased, the percent removal increased, attributed to the increase in the reverse reaction rate constant with
increased temperature.
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Fig 4: Effect of stripping temperature on the present removal of CO- from the aqueous LysK.

Figure 5 shows the CO; stripping efficiency at a variable solvent flow rate and a fixed stripping gas rate along the

membrane dimensionless length. The stripping efficiency decreased with a high LysK volumetric rate in the lumen
membrane. It is attributed to the decrease in solvent residence time and hence the decrease in mass transfer.
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Fig 5: Effect of liquid solvent flow rate at a fixed gas stripped rate on the CO; stripping efficiency along the length of the membrane
module.
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4. Conclusions

The carbon dioxide stripping from the agueous potassium lysinate solution in a gas-liquid hollow fiber membrane
contactor was modeled in a 2D mathematical model and simulated using Comsol version 5.6 software. The model predictions
disclosed that percent striping of CO; from rich Lysk solution is improved with temperature and increased CO; loading. The
CO; stripping efficiency increased with decreased solvent flow rate.
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