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Abstract

In this research, a hybrid model based on artificial neural network and genetic algorithm was developed
for optimization of the industrial production process of sodium co-silicate. The required data were
collected from the production line during the years 2023 and 2024, and a total of 245 valid operational
records were used. The input parameters included caustic soda consumption and inlet silica density, while
the outputs included modulus, viscosity, and final product density. A multilayer perceptron neural
network with a 2-10-10-3 architecture and hyperbolic tangent activation functions in the hidden layers
and linear activation function in the output layer was trained using the Levenberg-Marquardt algorithm.
The model performance was evaluated on the test data with coefficients of determination (R?) of 0.945
for modulus, 0.926 for viscosity, and 0.932 for output density, indicating the high accuracy of the model
in predicting product quality indicators. The developed ANN model was then used as the objective
function in the genetic algorithm with a multi-objective fitness function (including increasing modulus,
increasing viscosity, and reducing caustic soda consumption). The optimization results led to the
discovery of an optimal point in which, with a 2.7% increase in inlet density (from 1.480 to 1.520 g/cm3),
caustic soda consumption decreased by 11.2% (from 242 to 215 kg/ton), while the product modulus
increased by 8.7% (from 2.41 to 2.62) and viscosity increased by 10.4% (from 385 to 425 cP).
Implementation of the results on the actual production line for 7 working days and analysis of 21 samples
showed a relative error of less than 1% between model predictions and practical results, confirming the
high validity of the model.

Keywords: Sodium Co-silicate, Process Optimization, Artificial neural network, Genetic algorithm,
Modulus.
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Table 1: Input and output parameters in modeling

Variable Parameter Description

X1 Caustic soda consumption (range: 200 to 260 kg/ton of final product)
X, Inlet silica density at 20 °C (range: 1.40 to 1.56 g/cm?3)
v Product modulus: (wt% SiO,)/(wt% Na,O) x 1.032
: (target range: 2.3 t0 2.8)
Y, Viscosity at 25 °C (unit: cP, range: 350 to 450)
Y; Final product density at 20 °C (unit: g/cm3, range: 1.45 to 1.55)
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Multi-layer Neural Network Architecture
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Figure 1: Architecture of the developed multi-layer neural network for modeling
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Table 2: Tuned parameters of the genetic algorithm

Parameter Selected value Reason for selection
Balance between solution diversity and

Population size 100 computational speed

Number of

. 200 Ensuring complete convergence
generations

High probability of producing offspring from
superior parents
Mutation rate 0.05 Preventing entrapment in local optima
Selection method Roulette wheel Selection chance proportional to fitness value
Simplicity and suitable efficiency for the two-
variable problem
Creating diversity with small, natural changes around
the current value
No fitness improvement for 30 Preventing unnecessary computations after
consecutive generations convergence
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Crossover rate 0.8

Crossover method Single-point
Mutation method Gaussian mutation

Stopping criterion
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Table 3: Results of implementing optimal conditions in the production line compared to baseline conditions

Max Mean Standard Absolute Improvement
i deviation improvement

Parameter Baseline

Caustic soda

consumption 242 210 225 217.3 3.8 -24.7 -10.2
kg/ton
Inlet density - R 151 153 1518 0.006 +0.038 +2.6
(g/cmd)
Product
modulus 2.41 2.54 2.68 2.60 0.04 +0.19 +7.9
ratio
_Product 385 408 435 4215 7.2 +36.5 +9.5
viscosity (cP
Output
density 1.495 1.500 1.512 1.506 0.003 +0.011 +0.7

g/cm3
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Figure 2: Performance diagram of the developed neural network — reduction MSE versus training
epochs
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Table 4: Performance metrics of the ANN model for predicting each of the outputs (test data)

Output R? MSE MAPE (%

0.945 0.0028 2.1
BERRSSIYE 0926 142 3.8
0.932 0.0009 0.7
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Figure 3: Regression plots of neural network prediction results
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Figure 4: Convergence curve in ANN-GA optimization
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Table 5: Comparison of operating conditions before and after optimization
Baseline (mean Optimal condition Absolute

Parameter Change

2023-2024) proposed (ANN-GA) change (%)
Caustic soda 242.0 215.0 -27.0 -11.2
consumption (kg/ton)

Product modulus (ratio) 241 2.62 +0.21 +8.7
385 425 +40 +10.4

Output density (g/cm?3 1.495 1.505 +0.010 +0.7
&.A.CL’ aS ol Us‘ LS‘)? 5o (SlOZ + Nazo) JL!_% JAL’> oole clale w‘)ﬁ‘ 6LM A (599,9 o> wb w‘)s‘
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Inlet glue density (g/cm3 1.480 1.520 +0.040 +2.7
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Figure 5: Response surface and contour plots of the interaction effect of caustic soda consumption and
adhesive density on: (a) modulus, (b) viscosity, and (c) product density
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Table 6: Comparison of the ANN-GA model prediction results with the practical implementation results

ANN-GA Practical results Absolute Relative Practical
Parameter . (mean of 21 - standard
prediction deviation error (%) deviation

Caustic soda
consumption 215.0
(kg/ton)

Inlet density (g/cm?® 1.520 1.518 -0.002 -0.1 0.006

ratio ' : ' ' .
g : : : :
Output dinSIty 1,505 1.506 0.001 +0.1 0.003
g/cm
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