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Machine Learning Prediction and Process Optimization of Microwave Removal
of Organic Chlorine from Pyrolysis Gas of Medical PVC
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Abstract: To address the challenge of deep removal of organochlorine components from pyrolysis gas of medical waste
polyvinyl chloride (PVC) and the influence of multiple process parameters on dechlorination efficiency, a machine
learning-based method for optimizing process parameters for dechlorination of organochlorine in a microwave silicon
carbide packed bed was proposed. Using allyl chloride, a characteristic organochlorine component of PVC pyrolysis, as
the model compound, a continuous microwave pyrolysis experimental platform was established, and 79 sets of operating
condition samples were systematically collected. Four core parameters, namely reaction temperature, volatilization
temperature of allyl chloride, nitrogen flow rate, and silicon carbide particle size, were selected as inputs, with
dechlorination efficiency as the output. Six regression prediction models were constructed: radial basis function neural
network (RBF-NN), K-nearest neighbors, support vector regression, gradient boosting regression, random forest, and
decision tree. Four evaluation metrics were employed for model screening, and two intelligent optimization algorithms,

particle swarm optimization (PSO) and ant colony optimization (ACO), were coupled for global optimization of process
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parameters. The results showed that reaction temperature was the most critical factor determining dechlorination

efficiency. Reducing the volatilization temperature of allyl chloride, decreasing the nitrogen flow rate, and reducing the

silicon carbide particle size could enhance the dechlorination efficiency. Model comparison indicated that the RBF-NN

model achieved the highest prediction accuracy, and its coupling with the ACO algorithm yielded the best optimization

performance. The optimal process conditions were reaction temperature of 650 °C, volatilization temperature of allyl

chloride of 50 °C, nitrogen flow rate of 0.2 L/min, and silicon carbide particle size of 1~3 mm. The predicted

dechlorination efficiency was 95.79%, which was close to the experimentally determined value of 95.71%, with a relative

error below 1%. The findings of the study provide a technical reference for the efficient dechlorination of pyrolysis gas

from medical waste plastics.

Keywords: Medical waste PVC pyrolysis gas; Microwave heating; Dechlorination efficiency; Intelligent optimization
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