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ABSTRACT

Research subject: Real-time analysis using digital tools requires receiving instantaneous data from various points in industrial chemical processes.
Time delays in measurements of process variables can affect the effective performance of different control strategies, process stability, and operational
efficiency, making it impossible to analyze, extract information, and convert it into actionable decisions in real-time. The synthesis process of vinyl
acetate monomer is recognized as a benchmark dynamic and nonlinear process in the chemical industry. In this process, the composition of water at the
bottom of the azeotropic distillation column is one of the important variables measured by a gas chromatography (GC) analyzer, which has a significant
time delay and high cost.

Research approach: Soft sensors primarily improve the real-time estimation of variables that are difficult or impossible to measure. Neural networks
play an important role in the development of soft sensors due to their ability to learn nonlinear patterns and their suitable prediction speed. This study
focuses on the development of a soft sensor based on a feedforward neural network model for real-time estimation of the composition of water at the
bottom of an azeotropic distillation column in the vinyl acetate monomer synthesis process.

Main results: Additionally, the model was adaptively implemented under various fault conditions and accurately estimates the GC analyzer behavior
instantaneously, achieving a mean squared error (MSE) of 1.1 x 10-5. Maintaining prediction accuracy in the adaptive implementation of soft sensors
in the presence of various process faults demonstrates the effective adaptability of these sensors. Therefore, this study demonstrates the capability of
soft sensors as an efficient and cost-effective alternative for real-time monitoring of complex chemical processes.
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Figure 1. Gas chromatography analyzer measuring steps [5]
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Table 1 Data-based models used in soft sensor development in some different chemical processes

Soft Sensor Model Application Author References
Ul dlgilae;ce ey Prediction of y-values in a distillation process Takeshi Okada 6]
MLR Ensemble Thermal oxidiser NOXx prediction Kadlec 8]
PLS Extruder die melt temperature in polymer process Abeykoon [o]
ARMAX Particle size estimation in grinding plant A. Casali [11]
PCA/PLS + LWR Toluene composition in a spllttgr column, diesel Park [12]
temperature in a crude oil column
MLP, FPM, eKF Biomass estimation in a fermentation process Jos de Assis [13]
Improved Elman neural Pyrolysis Reactor for Compositions Predictions of Gas
H. Zhu [14]
network Phase Components
Neural Network Soft sensor for a distillation column A. Rani [15]
S 555] bl gl p sl iie 2,5 ¥ Jguar
Table 2 Azeotropic distillation column process variables description
Process I . Measurement
variable Description Unit Type Frequency
PV1 fresh HAc feed kmol/min Manipulated Variable -
PV2 column reflux kmol/min Manipulated Variable -
PV3 column reboiler duty kcal/min Manipulated Variable -
PV4 column condenser duty kcal/min Manipulated Variable -
PV5 column organic exit kmol/min Manipulated Variable -
PV6 column aqueous exit kmol/min Manipulated Variable -
PV7 column bottom exit kmol/min Manipulated Variable -
PVv8 decanter level (organic) - Measurement (transmitter) 1/s
PV9 decanter level (agueous) - Measurement (transmitter) 1/s
PV10 decanter temperature °C Measurement (transmitter) 1/s
PV11 column bottom level - Measurement (transmitter) 1/s
PV12 fifth tray temperature °C Measurement (transmitter) 1/s
PV13 HACc tank level - Measurement (transmitter) 1/s
PV14 column bottom H20 composition mol% Measurement (Analyzer) 1/10min
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