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To anticipate emulsion breakdown in the ELM process, the Box-Behnken design was used with an artificial
neural network (ANN) and a metaheuristic approach, namely particle swarm optimization (PSO) and response
surface methodology (RSM). Membrane stability testing began with an experimental component to collect data.
The following parameters were used to estimate membrane breakdown: emulsification time (3-7 min), surfactant
loadings (2-6% v/v), internal phase concentration ([Na;CO3]: 0.01-1 mg L 1), external phase to w/o emulsion
volume ratio (1-11), and internal aqueous phase to membrane volume ratio (0.5 to 1.5). The PSO algorithm was

used to determine the optimal ANN parameter values. The hybrid ANN-PSO model outperformed the RSM in
identifying optimal ANN parameters (weights and thresholds) and accurately forecasting emulsion breaking
percentages throughout the ELM process. The hybrid ANN-PSO method may be a valuable optimization tool for
predicting critical data for ELM stability under various operating conditions.

1. Introduction

Liquid membrane technology has proved to be more appropriate for
selectively extracting valuable chemicals or eliminating harmful con-
taminants from an aqueous matrix in chemical and environmental en-
gineering [1]. Some membrane approaches include the use of supported
liquid membranes (SLM) as well as the use of bulk liquid membranes
(BLMs) and emulsion liquid membranes (ELMs). The latter is a prom-
ising method that combines the extraction and stripping operations into
a single step, resulting in simultaneous solute purification and
concentration.
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Emulsion liquid membranes (ELMs) have been utilized to separate a
variety of solutes from aqueous solutions (e.g., heavy metals, pharma-
ceutical, and personal care products, organic dyes, and so on) since their
invention [2,3,4-14]. When the targeted species are present in tiny
quantities in the aqueous liquid, ELM may be competitive. Although the
ELM approach offers numerous advantages over earlier physicochemical
methodologies, it still has specific faults that must be solved before being
used in a real-world application. Emulsion stability is the most severe
issue with emulsion liquid membranes [13]. The stability of the emul-
sion globules (due to membrane rupture) is one of the most challenging
elements of using the liquid surfactant membrane for industrial
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