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Abstract

In this article, the effect of operating conditions and aqueous solution on Received: 10 November 2024
the CO: absorption rate was modeled using response surface Accepted: 8 March 2025
methodology (RSM) and artificial neural network (ANN). The model Page Number: 81-95

inputs consisted of temperature, CO loading, bulk CO, pressure, and
equilibrium partial pressure of CO2, while the CO, mass transfer flux was

considered as the output. Multi-Layer Perceptron (MLP) was trained with Keywords:

three hidden layers containing 10, 40, and 10 neurons, respectively, using Absorption

the Levenberg-Marquardt training function. The MLP with three layers . )
Piperazine,

and 60 neurons, trained with the Trainlm learning function, achieved
an MSE of 0.0018616 and an R2 of 0.9924 Radial Basis Function (RBF)
also reached an MSE of 0.0004 and an R? of 0.99849 after 200 epochs.
Although RBF provided a lower MSE, MLP was selected as
the preferable model because of its simpler architecture, lower
computational cost, and closer qualitative agreement with the RSM
surface.
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Table 1. Neural network models for carbon dioxide absorption.

Neural Network | Target ‘ Reference

MLP R%? =0.9977 [18]

MSE = 0.0006

R? = 0.9930
MLP 19
MSE = 0.0020 [29]
R? = 0.9981
MLP 20
AARD=1.95% [20]
R? = 0.9914-0.9974

MLP-RBF 17
MSE = 0.0005-0.0010 (7]
MLP R? = 0.9994 2]

MSE = 0.0001

R? = 0.998-0.999
MLP-RBF 23
MSE = 0.0001 (23]
R? = 0.99902-0.99936
MLP-RBF [24]
MSE = 0.00665-0.21669
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Figure 3. Schematic of carbon dioxide absorption test device [30].
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Table 2. Inputs and outputs of carbon dioxide absorption process.

Parameter

T(°C)
Loading
Bulk CO, pressure (Pa)
Equilibrium Partial Pressure of CO, (Pa)
Scaled CO, mass transfer flux (kmol/mZ.s)

Type of parameter

Input
Input
Input
Input
Output

Importance degree

37.9 1117 3
0.262 0.761 3
8 60056 3

0 36714 3
100000 31285000 3
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Figure 4. ANN network training algorithm.
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Figure 5. MLP network structure used in the process.
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Figure 6. The effect of input parameters on output.
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Table 3. MLP network learning results with the number of layers and specific neurons with different learning functions.
Hidden layer Train

functon

Trainlm 0.9924 0.0018616 0.00178
Trainbr 0.5028 0.13443 0.32563

Trainscg 0.6221 0.082737 0.19907
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Figure 10. RBF network regression diagram.
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