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Abstract  

The aim of the research is to develop an optimal system for dry phosphoric anhydride Р2О5 obtaining process control using artificial 
intelligence methods. The conducted researches allowed to obtain the following results:  

• there was proposed the concept of intelligent control algorithms synthesis for the process of obtaining phosphoric anhydride; 
• there were formed the planning matrices of the full factorial experiment (FFE) for the synthesis of the first in the phosphorus 

industry of the world intelligent models for phosphorus settling processes control, burning yellow phosphorus to Р2О5, cooling 
and precipitation of dry phosphoric anhydride. 
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1 Introduction 

Systems of optimal control of technological processes allow 
rationally to use mineral resources, to save heat energy and 
electricity, to solve environmental problems, to increase 
economic returns. However, nowadays Kazakhstan has not 
introduced an optimal control system [1, 2]. This is due to 
the extreme complexity of modern technological processes. 

2 Overview 

Traditional synthesis technology of the optimal control 
system: development of the structure of the process model 
→ experimental researches on the object → identification of 
the model → formulation of the optimization problem → 
selection of the optimization method → development of the 
optimal control algorithm. 

The concept of intelligent control algorithms synthesis 
for the phosphoric anhydride production processes control. 
The use of IT allows to solve similar problems immediately. 
The fact is that artificial intelligence methods involve the 
use of knowledge, experience and intuition of experts who 
are familiar with the subject area. That is, the so-called 
“ready knowledge” effect is used here. In contrast, the 
development of a mathematical model (the main component 
of the system) is the process of creation of “new knowledge”, 
and therefore requires quite a long time to conduct 
theoretical researches, as well as large material and labor 
costs for experimental researches and for the identification 
of the model. 

In addition, experienced operators and technologists 
during their long work learned how to conduct the 
technological process in optimal conditions for various 
initial situations (and they often succeed in this). 

Transferring of “ready knowledge” from experts to the 
knowledge base of an intelligent system greatly simplifies 
the creation of intelligent systems, and their operation 
eliminates the “human factor” effect during control. 

3 Decision 

Formation of a full factorial experiment planning matrix 
(FFE) for the combustion process in the combustion 
chamber. Oxidation of phosphorus in air is a chain reaction 
and can take place with an explosion: Р4+5О2→2Р2О5 

Interviewing experienced technologists, there were 
determined the following main input variables: Х1 - 
recirculation gases consumption; Х2 - compressed air 
consumption; Х3 - technical oxygen consumption - О2; Х4 - 
consumption of yellow phosphorus from the dispenser. 

The main output variable on which the completeness of 
phosphorus combustion depends is the temperature in the 
burner, therefore, as the output variable of the combustion 
process we selected the temperature at the output of the 
burner (or at the boiler input) - Y1. 

TABLE 1 Planning matrix (FFE) 

Input variables Output 
variables 

№ of exp. Х1 Х2 Х3 Х4 Y1 
1 0.0 0.5 0.0 0.5 0,76 
2 0.5 0.5 0.0 0.5 0,53 

… … … … … … 
80 0.5 1.0 1.0 1 0,63 
81 1.0 1.0 1.0 1 0,07 

Through a survey of experienced process engineers, 
there was created a FFE planning matrix for the of yellow 
phosphorus burning process (Table 1). 
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The formation of the FFE planning matrix for the 
cooling process. As input variables we (with the help of 
experienced technologists-operators) selected the following 
input variables for the cooling process: Х5 - the consumption 
of the gases leaving the combustion chamber. Since this 
consumption is extremely difficult to be measured, we can 
indirectly determine it by the total amount of consumption 
of: recirculation gases, compressed air and technical oxygen, 
i.e. we will assume that Х5 = Х1 + Х2  + Х3; Х6 - the 
temperature at the input to the waste-heat boiler, which is 
equal to the temperature at the output from the combustion 
chamber, i.e. Х6 = Y1; Х7 - the consumption of cooling water. 
Due to the fact that water consumption is not measured - 
indirectly it can be estimated by the water pressure at the 
input to the waste-heat boiler, i.e. Х7 = Рвк. 

The output variables of the cooling process in the waste-
heat boiler are: the temperature at the output of the boiler - 
Y2 and the consumption of the formed steam - Y3. Due to 
the fact that steam consumption is not measured - indirectly 
it can be estimated by its pressure - Рд. 

With the help of technologists there was formed a FFE 
matrix for the cooling process from 27 experimental points. 

The formation of the FFE matrix for the precipitation 
process. The precipitation process, or crystallization of Р2О5, 
occurs in the economizer with its further cooling to a 
temperature below 160°С, and in the cyclone only the 

crystalline Р2О5 separates from the recirculation gases. We 
have identified the following input variables: Х8 - the 
consumption of waste gases from waste heat boiler, while 
Х8 = Х1 + Х2  + Х3; Х9 - the temperature at the input to the 
economizer, which is equal to the temperature at the output 
from the waste heat boiler, i.e. Х9 = Y2; Х10 - the 
consumption of economizer cooling water. Due to the fact 
that water consumption is not measured - indirectly it can be 
estimated by the water pressure at the input to the 
economizer, i.e. Х10 = Рвэ. 

The output variables of the waste gases cooling process 
in the economizer are: the temperature at the output of the 
economizer - Y4 and the consumption of the formed solid 
phosphorus anhydride - Y5. 

With the help of technologists there was formed a FFE 
matrix for the precipitation process from 27 experiments. 

4 Conclusion 

Therefore, the proposed synthesis concept of intelligent 
models of phosphorus anhydride process control allowed to 
identify 10 input and 5 output variables for the processes: 
combustion, cooling, and precipitation of solid Р2О5. 

The final result of the project will be intelligent 
algorithms for Р2О5 obtaining process control. 
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