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Abstract

In this study, computational fluid dynamics simulation of liquid-liquid Received: 20 October 2022
extraction of zinc was performed using trifluoroacetylacetone as a solvent Accepted: 31 December 2022
in the hollow fiber membrane contactor. Mass and momentum balance Page Number: 105-117

equations (Navier-Stokes) were used to express the transport of zinc
solutes through the membrane contactor. After applying the conditions,
the governing equations were simulated using the finite element method.
After validating the results, simulation was performed to study
the distribution of zinc concentration in two-dimensional and
three-dimensional form, as well as to investigate the effect of different
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parameters such as distribution coefficient and current intensity on the Keywords:

extraction efficiency. The results showed that by increasing the partition . ’

coefficient from 1 to 10, the amount of single-pass extraction increased Modeling,

from 10 to 100 percent. Also, the extraction efficiency in the Heavy Metal Removal,
counter-current flow of pipe and shell is 9% higher than in the co-current Solvent Extraction,

flow. Furthermore, this study showed that computational fluid dynamics Hollow Fiber Membrane
could be used as an effective tool for the development of membrane-based Contactor

extraction processes.
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3. Partial Differential Equations
4. Computional Fluid Dynamics

1 Maximum Contamination Levels
2. Hollow Fiber Membrane Contactor
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Figure 1. Schematic of tubular membrane contactor
for zinc extraction.
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Figure 2. Uniaxial-radial cell flow with model domain
and its boundaries.
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Table 1. Specifications and geometry size of the system[14].

Parameter Value

Radius tubes side of 4
membrane contactor (r) 11x107 (m)
Radius membrane side of
1.5 x 10* (m)
membrane contactor (ry)
Radius shell side of 2.47 x10% (m)
membrane contactor (rz)
The length of the membrane 3
contactor module (L) 121.8 X107 (m)
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Table 2. Characteristics and values of diffusion coefficient and initial concentration[14].

Parameter Value

Initial concentration of Zinc

Diffision coefficient for Zinc in tube side (D z,.-tube)
Diffision coefficient for Zinc in shell side (D z,.shen)

Diffision coefficient for Zinc in membrane side (D zn-membrane)

2.52 x 10° (m?/s)
2.24 x 10 (m?/s)

Dzn_gnen % (%)

3.15 (mol/m?®)

1. Finite Element Method

2. Adaptation and Error Estimation

Iranian Chemical Engineering Journal - Vol. 22 - No. 130 (2024)



Alias 93 (slacu b (5] [PFls2 a0 slacala b (g jlaudand ealis duwlis ¥ Jgua

Table 3. Comparison of simulation results with experimental data[46] for different partition coefficients.

Partition coefficient

Standard deviation

P=1 0.93 0.79 9.80
P=2 0.81 0.71 4.49
P=4 0.53 0.48 353
P=6 0.28 0.23 3.53
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Figure 3. (a) Two-dimensional distribution of dimensionless velocity in the membrane contactor (b) Two-dimensional
distribution of dimensionless velocity with symmetric r3 boundary condition.
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Figure 4. Two-dimensional dimensionless concentration distribution of a flow cell for zinc.
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Figure S. Three-dimensional dimensionless concentration distribution of a flow cell for zinc.
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Figure 6. The effect of partition coefficient on the extraction efficiency of zinc metal along the length of the membrane contactor.
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Figure 7. Axial concentration profiles of solutes in the tube side for the cpunter-current and co-current flow configurations for Zn.
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Figure 8. Effects of aqueous and organic flows on zinc extraction efficiency.
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