Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

Comparison of pressure, volume and gas

Mathematical modeling of technological process in  washou charmcierisics beweenpey and

f | d t HEPV in healthy and formalin fixed ex vivo

porcine lungs

Orma In pro UC |On Rabijit Dutta, Tao Xing and Gordon K
Murdoch

To cite this article: T V Botirov et al 2021 J. Phys.: Conf. Ser. 2094 022052 - Characterization of photoacoustic

tomography based on 450 nm visible light
and its application for detection of formalin
fish meat

Rian Julianto, Ahmad Mujtahid Anas and
Mitrayana

View the article online for updates and enhancements.

- Development of formalin detection system

on wet noodles and tengkawanqg seed fat
(shorea sp.) as a natural preservative
solution

E Rosdiana, V A Kusumaningtyas, A A
Sitorus et al.

G N & | Discover

how sustainability

The e : intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.128.79.88 on 06/05/2024 at 16:53


https://doi.org/10.1088/1742-6596/2094/2/022052
/article/10.1088/1361-6579/aada73
/article/10.1088/1361-6579/aada73
/article/10.1088/1361-6579/aada73
/article/10.1088/1361-6579/aada73
/article/10.1088/1361-6579/aada73
/article/10.1088/1742-6596/2498/1/012015
/article/10.1088/1742-6596/2498/1/012015
/article/10.1088/1742-6596/2498/1/012015
/article/10.1088/1742-6596/2498/1/012015
/article/10.1088/1742-6596/2673/1/012017
/article/10.1088/1742-6596/2673/1/012017
/article/10.1088/1742-6596/2673/1/012017
/article/10.1088/1742-6596/2673/1/012017
/article/10.1088/1742-6596/2673/1/012017
/article/10.1088/1742-6596/2673/1/012017
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu1C76PkGKryiUh1S4rEE_HWtn6h849IXaBim8ZS1UIvYHoCs4ak0UvF895qTyiLWW2IUmqJZjakpaZtGBkSlmY8_BGeheP59A9mqrQprpPzhmyZJ2bEX8Y-V1LxxnAJzLY28B5ak-Oc11eSeKR1q2CvB3ha8Bn4CAqV8hONEBn68WQScxJa4__-hVVdhoCaLL3JvE1-VKtVwRX_lTsgUdLe9aWOIppJyg5yKf4kcbghB9kTaIMS0UJVLUVGSt2Zik74H7MvOMXKJ4XR2fX510ypTo0boab9gN5Fq_BjpqgPQiBECdSHv3kXgxG7lUOFvNNCZR1Z_KwuGME5_qYoyfuCgRXIg&sig=Cg0ArKJSzI5yGcSv-URm&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

APITECH 111 2021

IOP Publishing

Journal of Physics: Conference Series

2094 (2021) 022052  doi:10.1088/1742-6596/2094/2/022052
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Abstract. Methods and algorithms of the sustainable synthesis of adaptive control systems for
the technological process of formalin production have been proposed in this article. Parameters
of the regulator are estimated in the developed adaptive control system, i.e. the purpose of
adaptation is reduced to the estimation of coefficients of the regulator providing the specified
behavior of the system. The results obtained and the analysis of transition processes based on the
modeling of the control system showed that with adaptive control, mass fractions of
formaldehyde and methanol in formalin are held within 36.5+37.5% and 0.7+-0.9% respectively,
while the specific consumption of the methanol decreases by 3+4%, which allows the process in

mode close to the optimal.

Mathematical models of chemical and technological processes can be divided into two groups:

theoretical physical-chemical models and empirical statistical models.

We will consider the characteristic features of mathematical models of the first group regarding the
production of formalin. A mathematical model of the formaldehyde synthesis process is described in [1,

2], which is a system of equations for material and heat balances on the catalyst grain:
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where y is the linear speed of the gas flow; C is the concentration of components; Y is near-surface

concentrations; W is transformation speed of components; T is temperature in the flow; T,is

temperature of the catalyst grain; AH;, j :1,_m is thermal effect of the j-th reaction; C, is heat capacity

of the catalyst; C » Is heat capacity of gas; a is coefficient of heat transfer from the grain surface to the
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gas flow; 4, is coefficient of thermal conductivity of the catalyst layer; S, is specific surface of the

granular layer; b is the coefficient of mass transfer; e, is the porosity of the catalyst grain; € is the

porosity of the catalyst layer.

The system of equations (1) was used to optimize the process of incomplete oxidation of methanol
to formaldehyde in a reactor with a fixed layer of a pumice-silver catalyst [3]. In [4], a model of a
combined reactor for the oxidation of methanol to formaldehyde has been developed, considering the
presence of uneven profile of the speed, temperature and concentration of gas flow components at the
entrance to the contact layer, as well as the presence of heterogeneities in the permeability and catalyst
activity in the layer:
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where i is the index of the substance; j is the reaction index; P is the pressure; z,x are longitudinal and
transverse coordinates of the layer; u,v are longitudinal and transverse speeds; p,, p are the densities
of the reaction mixture, the initial and in the catalyst layer; D, A4, are effective coefficients of diffusion
and thermal conductivity, respectively; T,,T are temperatures of the reaction mixture, the initial and in

the catalyst layer; C; is concentrations of the components of the reaction mixture in the catalyst layer;

V;; is the stoichiometric coefficient of the i-th substance in the j-th reaction; M, M are viscosities of

the reaction mixture, the initial and in the catalyst layer; d, is the diameter of catalyst grain.

The system of equations (2) was used to calculate the parametric sensitivity of tubular and combined
reactors, as well as to assess the influence of a wide class of spatial inhomogeneity on the characteristics
of catalytic processes in apparatus of this type.

Analysis of the theoretical mathematical models described above [5,6] from the point of view of their
applicability for the development of controlling algorithms showed the following:

The models fully reflect the basic physical and chemical patterns of formalin production processes
and, in the absence of disturbances, are adequate to the described processes.

Because of the fact that perturbations, i.e. decrease in catalyst activity, changes in methanol quality
indicators, etc. are constantly affect the process of formalin production, the model must either take them
into account explicitly, which significantly complicates the mathematical description of the chemical-
technological processes of formalin production, or use the algorithm for adapting the model parameters
according to experimental data. These computational operations are very laborious both because of the
high dimension of the problem and because of the nonlinear dependence of the parameters of the model,
therefore, theoretical mathematical models, in the general case, are inappropriate to use in control
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algorithms, they should be used for the design of devices, optimization of technological schemes,
development simplified management models [7].

The characteristic property of empirical mathematical models of technological processes of the
formalin production is the following. In connection with the above-mentioned complexity of chemical-
technological processes for the purposes of control and optimization of production, they are often limited
to their simplified description in the form of finite equations. In this case, a mathematical description of
the static modes of production is considered. In the general case, the target criterion for optimality and
control of the formalin production process is that the Y — formaldehyde yield depends on a humber of

process variables X, X,,..., X, .
There is a general functional connection between them:

Y = (X, Xy X,), ©)
which admits expansion in Taylor series
Y=b0+Zbixi+Zbijxixj+Zbijxi2, (4)
i=1 i,j=1 ij=1

where Y is the objective function; X;, X; are process parameters; bo,bl,bij,bii are regression

coefficients. When optimizing and controlling technological processes of formalin production, both
empirical equations based on expression (3) and regression dependences based on the expansion of the
objective function in a Taylor series (4) are used

Among the works using regression models of the form (4), the work [8] should be noted, in which a
model is proposed that relates the formaldehyde yield to the oxygen/methanol ratio at the inlet to the
contact apparatus:

Y =K, +K,X, 5)

where Y is the formaldehyde yield; X is the oxygen/methanol ratio; K, K, are regression coefficients.

To adapt model (5) to a decrease in catalyst activity and other disturbances of the technological process,
the Kachmazh algorithm [3] has been used:
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where n is the number of the control cycle; Y is the current value of the formaldehyde yield; Y is the
average value of the formaldehyde yield. Model (5) together with the adaptation algorithm of
coefficients (6) was applied for optimal control of formalin production through the channel
“oxygen/methanol ratio - formaldehyde yield” [9,10].

Analysis of empirical mathematical models of chemical-technological processes from the point of
view of the possibility of their application in automated control systems for the production of formalin
shows that:

o the models do not reflect the physical-chemical laws of the formalin production process as fully
as the theoretical physical-chemical models. Empirical models are adequate to the described
process only in a narrow range of parameter variation.
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o the adaptation of the parameters of these models is not difficult, for which, for example,
regression methods of identification are used. In addition, the observed indicators of the quality
of raw materials and catalyst can be included in the model in an explicit form without
significantly complicating it.

Thereby, empirical models of chemical technological processes can be directly used in adaptive
algorithms for optimization and control of formalin production, while theoretical mathematical models
are advisable to use to improve the hardware and technological design of processes and obtain simplified
control models when developing such algorithms.

The main parameters of technological processes for the production of formalin are [11]:

e at the stage of preparation of the alcohol-air mixture: methanol consumption; air consumption;
gas consumption; blowing consumption; the ratio of air and methanol in an alcohol-air
environment; volume fraction of oxygen in the blowing; the level of methanol in the alcohol
evaporator; the temperature of the alcohol-air mixture after the alcohol evaporator; temperature
of the alcohol-air mixture at the entrance to the contact apparatus;

e at the stage of catalytic synthesis: temperature in the tubular of the contact apparatus;
temperature in the adiabatic layer of the contact apparatus; thermolan temperature at the inlet of
the contact apparatus; thermolan temperature at the outlet of the contact apparatus;

e at the stage of formaldehyde absorption: consumption of cooling water in the shell space of the
refrigerator; distilled water consumption; supply of reaction gases; the volume fraction of
formaldehyde in the blowing; formalin yield with a given formaldehyde and methanol content;
temperature of formalin in bubbling refrigerator.

The research results of technological process of formalin production, carried out in the conditions of
“Navoiazot” JSC, show that their static and dynamic characteristics, both in control and disturbing
channels, vary within wide limits in an unforeseen manner (due to changes in the quality of initial raw
material, intensity of modes, etc.). Qualitative regulation of these objects requires the use of a control
system that includes an adaptation loop to the changed parameters of the object, which compensates for
the influence of the latter. For many technological processes, such laws are sought in the form of
functions of time corrected in the course of the process [12].

Based on a preliminary study and formalization of the process under consideration from the point of
view of control tasks, it has been determined that the main indicators characterizing the process of
obtaining formalin are the following variables:

e Control parameters_U=(u,,u,), where u; is the cooling water consumption; u. is the
temperature of the thermolan at the inlet to the contact apparatus;

o Output parameters Y = (Y,, Y,) , where y1 is the formalin yield with a given formaldehyde and
methanol content; y; is the formalin temperature in the bubbling refrigerator;

e Uncontrolled disturbing influences W = (Wl,Wz , W3) , where w; is fluctuations in the
composition of raw materials; w; is the decrease in the activity and selectivity of the catalyst;

e ws is the enthalpy of the coolant and heat loss. In this case, the ultimate objective of control is
to obtain a given amount of formalin with a content of 37+0.5% weight of formaldehyde.

Below are the dynamic characteristics of the process of obtaining formalin through the main channels
of transmission of influences based on experimental research methods:

1L ou >y (192p?+638p+1)y;(t) = 0,021u(t);
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2. U — Y, (211,2p*+72,5p+1)y,(t) = (0,005 p +1)u,(t);
3. U, >y (131p®+28p+1)y,(t) = (0,017 p+1)u,(t);

4. u, >VY,: (1489 p2 +67,4p+1)y,(t) =0,0035u,(t).

Analysis of the obtained dynamic models shows that the most significant channel of the object under
consideration is U, —Y; “temperature of thermolan at the inlet to the contact apparatus - formalin

output with a given content of formaldehyde and methanol” channel. This is conditioned that this
channel has the highest gain coefficient and the lowest lag effect. For this reason, the synthesis of the
control system for the formalin production process will be carried out based on the control parameter,
i.e. the temperature of the thermolan at the inlet to the contact apparatus.

References

[1] Matros Yu Sh 1990 Mathematical modeling of chemical reactor development and integration of
new technologies Augew. Chem 102(11) 1274-85

[2] Botirov T V, Bazorova S J, Samadov A, Arziev E Latipov Sh B and Rakhmonova Kh Z 2019
Software for the control of technological processes of formaldehyde synthesis in adaptive
control systems Certificate of official registration of a computer program DGU 07344

[3] Kafarov F F and Glebov M B 1991 Mathematical modeling of the main processes of chemical
production (Moscow: Vyschaya shkola) 400

[4] Canavas C 1986 Estimation of the dynamic behavior of a fixed-bed reactor through filtering Dyn.
and Contr. Chem. React. And Distill 273-8

[5] Schwedock M J, Windes L C and Ray W H 1989 Steady state and dynamic modelling of a packed
bed reactor for the partial oxidation of methanol to formaldehyde Chem. Eng. Commun. 78
45-71

[6] Botirov T V, Buranov B M and Latipov Sh B 2020 About one synthesis method for adaptive
control systems with reference models Journal of Physics: Conference Series 1515(2) 022078

[7] Lender Yu V 1982 Methanol and formalin production (Kiev: Technology) 87

[8] Nakrokhin B G and Nakrokhin V B 1995 Technology of formalin production from methanol
(Novosibirsk) 444

[91 Ogorodnikov S K 1984 Formaldehyde (L: Chemistry) 280

[10] Igamberdiyev H Z and Botirov T V 2020 Algorithms for the Synthesis of a Neural Network
Regulator for Control of Dynamic Objects /1th World Conference “Intelligent System for
Industrial Automation 460-5 68004-6 60

[11] Botirov T V, Latipov S B, Buranov B M and Barakayev A M 2020 Methods for synthesizing
adaptive control with reference models using adaptive observers IOP Conference Series:
Materials Science and Engineering 862(5) 052012

[12] Jumaev O A, Sayfulin R R, Ismoilov M T and Mahmudov G B 2020 Methods and algorithms for
investigating noise and errors in the intelligent measuring channel of control systems Journal
of Physics: Conference Series 1679(5) 052018


https://www.scopus.com/authid/detail.uri?authorId=57216809339
https://www.scopus.com/authid/detail.uri?authorId=57217107207
https://www.scopus.com/authid/detail.uri?authorId=57216811223
https://www.scopus.com/authid/detail.uri?authorId=57216809511

