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Abstract:

The aim of this research is to investigate the interaction of nanoparticles and impurities in amine
solutions and natural gas in foam formation, as well as their impact on antifoaming performance
in the absorption process of acidic gases (CO2/H.S) from natural gas mixtures. The foaming effect
of gases such as carbon dioxide, hydrogen sulfide, methane, ethane, and nitrogen on amine
solutions was examined. Subsequently, the effect of four nanoparticles, including nano-alumina,
nano-silica, graphene oxide nanoparticles, and multi-walled carbon nanotubes, on the foaming
properties of the solvent, as well as the interaction of organic impurities (acetic acid, formic acid,
valeric acid, and octanoic acid) and nanoparticles on the solvent's foaming behavior, were
analyzed. The results showed that the dissolution of acidic gases in amine solutions leads to an
increase in foam formation. Moreover, the presence of nanoparticles increases the foamability of
the solvent. Among the nanoparticles, carbon nanotubes exhibited the lowest foam formation in
the presence of impurities in amine solutions. Simultaneous presence of nanoparticles and organic
pollutants in the solvent resulted in an increase in foam formation by 46% to 260%. Additionally,
in the presence of silicone-based antifoam agents, nanoparticles reduced the defoaming rate of the
amine solution by up to 100%. The defoaming efficiency was observed in the order of multi-walled
carbon nanotubes < graphene oxide < nano-alumina < nano-silica.

Keywords: Foaming, Nanoparticles, Amine Solution, Antifoam, Impurities, Gas Sweetening
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Table 1. Gas composition used in the experiments

Component Mol %
C1 38.76
C 12.76
Ca= 14.45
Cs 1.69
Cs= 14.76
I-Ca 0.56
n-Ca 0.13
Cy= 1.05
I-Cs 1.05
n-Cs 0.01
Ce+ 0.01
N2 2.35
CO2 2.56
H2S (mg/Sm?) 0.029 (400)
H> 9.95
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Figure 1. a) Experimental apparatus used for amine foaming investigation, b) schematic of foaming apparatus study,
(1) Gas cylinder supply from the unit, (2) Gas flow meter, (3) Water Bath, (4) Foaming column,
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Figure 2. The effect of various gas compositions on the foaming of the amine solution
(temperature: 35°C, gas flow rate: 1.7 liters per minute, and 20% MDEA amine solution).
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Figure 3. Investigation of the effect of organic acid impurities on the foaming performance of the amine
solution.
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Figure 4. Investigation the foaming of nanoparticles in amine solution during the gas absorption process.
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Figure 5. Investigation of the interaction effects of nanoparticles and organic impurities on foaming in
amine solutions.
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Figure 6. The effect of adding antifoaming agents on foam removal in amine solutions.
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