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Abstract. Sodium tripolyphosphate (NasP3O10) is an important chemical compound widely used in various industries, in-
cluding food, chemical and pharmaceutical. Used as a stabilizer, leavening agent and water softener. The development of an
effective control system for the extraction process of sodium tripolyphosphate is an urgent task to improve production efficien-
cy and ensure product quality. Today's industry is increasingly focusing on developing and optimizing chemical extraction
processes to improve efficiency and reduce costs. One such item is food, pharmaceuticals, glass, etc. Sodium tripolyphosphate,
which is widely used in various industries. The development of a control system for the sodium tripolyphosphate extraction
process is of great importance for optimizing and increasing the efficiency of this process. The relevance of this task is due to
the fact that the process of producing sodium tripolyphosphate has certain difficulties and depends on temperature, pressure,
ratio of reagents, etc. This is due to the fact that it is necessary to control and adjust various parameters. As a result, an auto-
mated model of drying towers was developed to improve efficiency and reduce costs in the sodium tripolyphosphate industry.
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1. Introduction

The drying tower is a vertical cylindrical device with a
conical bottom. The top of the tower is equipped with an
explosion valve and two mixing baffles that mix two heat
flows: the first from the turbocalciner and the second from
the combustion of natural gas in the upper burner.

First of all, it should be noted that none of the installa-
tions of the drying and heating shop has an optimal process
control system, which is closely related to the lack of an
adequate mathematical model of these processes.

The quality of SPTP increases by 10-15% with the intro-
duction of an optimal control system in the drying tower of
the sodium tripolyphosphate production process. Moreover,
the process is carried out with minimal fuel consumption and
low consumption of finished products [4].

2. Materials and methods

In modern industry, more and more attention is paid to the
development and optimization of chemical extraction process-
es in order to increase efficiency and reduce costs. One of
these items is food, pharmaceuticals, glass, etc. sodium tripol-
yphosphate, which is widely used in various industries.

The technological scheme of production of sodium tripoly-
phosphate using a drying-heating furnace, as well as the device
and working principle of this process were studied. The calcu-
lation of the material balance has been completed. Based on
the results of the calculations, a promising and effective inte-
grated method scheme was selected, which allows to achieve
high efficiency.

To achieve this goal, it is necessary to solve the following
tasks:
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- analysis of existing methods and technologies for obtain-
ing sodium tripolyphosphate;

- research and identification of the main factors affecting
the process of obtaining sodium tripolyphosphate;

- creating a mathematical model of the sodium tripoly-
phosphate production process;

- development of a management algorithm based on a
mathematical model and considering the main factors;

- development of software for implementation of manage-
ment system;

- conducting experiments to check the effectiveness of the
developed management system:

It is expected that the results of this work can be used in
various fields where it is necessary to obtain sodium tripoly-
phosphate. Development of management system allows to
reduce costs

Sodium tripolyphosphate (sodium tripolyphosphate) pro-
duction technology is an important process in the chemical
industry. Sodium tripolyphosphate is an inorganic compound
used in many applications such as the food processing, laundry
and metallurgical industries.

The production process of sodium tripolyphosphate begins
with the main raw materials - phosphates, for example, rock
and bone phosphates. Phosphates usually contain 16-18%
tribasic phosphate, which is the main single component for the
production of sodium tripolyphosphate.

One of the first steps in the process is to treat the phos-
phates with a sulfuric acid solution to remove unwanted impu-
rities such as iron and aluminum. The resulting phosphate
solution is then filtered to remove phosphate deposits.
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After filtration, the phosphate solution is mixed with so-
dium hydroxide solution, resulting in a white precipitate of
sodium tripolyphosphate. The resulting sediments are sepa-
rated from the liquid through the sedimentation process.

Sodium tripolyphosphate precipitates undergo a drying
process that results in a stable material that is easily stored
and transported.

The production process of sodium tripolyphosphate usu-
ally involves several steps:

Preparation of sodium phosphate: Primary components
are phosphoric acid (HsPO4) and sodium hydroxide (NaOH).
These reagents react in the reactor to form sodium phosphate
(NasP0s) and water (H20).

HsPO4 + 3NaOH — NaszPO4+ 3H,0 (1)

Neutralization process: After sodium phosphate is
produced, its solution is neutralized by adding an alkali such
as sodium hydroxide (NaOH). This leads to the formation of
basic sodium phosphate.

NasPOs+ NaOH — NasP,07 + H,0 2

Precipitation of tripolyphosphate: The resulting basic
sodium phosphate (NasP207) is further processed to produce
sodium tripolyphosphate. The basic phosphate solution is
heated and excess water is removed by evaporation. As a
result, a solid precipitate of sodium tripolyphosphate is
formed.

NayP207 + H20 — NasP3010 (3)
Purification and drying: The resulting sodium
tripolyphosphate is purified to remove impurities and

undesirable compounds. It is then processed to the proper
particle size and dried to remove residual moisture.

Packaging and Storage: Purified and dried sodium
tripolyphosphate is packaged according to customer
requirements and stored in a safe and dry place until use.

The obtained sodium tripolyphosphate has a wide range of
applications. In the food industry, it is used as an emulsifier
and stabilizer that improves the structure and shelf life of food.
In the metallurgical industry, sodium tripolyphosphate is used
as an additive to remove rust and increase process
productivity. It is also used in the production of detergents to
remove grease and prevent scale formation.

The production technology of sodium tripolyphosphate is
complex and many factors such as temperature, concentration
of reagents and reaction time can affect the final quality of the
product. Effective manufacturing technology requires careful
control of these factors and continuous process improvement
to achieve optimal results.

The melting point is 622°C, in its pure state it is quite
stable up to the melting point, when the temperature is further
increased, it decomposes into meta and pyrophosphate.

Sodium tripolyphosphate is also soluble in water.
Dissolves up to 50 g in 100 ml of water at a temperature of
20°C.

As for the production technology at the sodium
tripolyphosphate plant:

The production of sodium tripolyphosphate is a complex
chemical process carried out in a factory. These include:

Raw materials: The main raw materials for the production
of sodium tripolyphosphate are phosphoric acid (HsPO.) and
sodium hydroxide (NaOH).
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Dosing and mixing: Phosphoric acid and sodium
hydroxide are dosed and mixed in special reactors. Control
additives and catalysts are added to ensure optimal reaction
conditions.

Reaction: In reactors, a reaction takes place between
phosphoric acid and sodium hydroxide, resulting in the
formation of sodium tripolyphosphate (NasPsO10) and water
(H20). This is an exothermic reaction accompanied by heat
release.

Separation and purification: after the completion of the
reaction, the resulting mixture passes through special
separation units that separate the liquid phase (water) from
the solid phase (sodium tripolyphosphate). Purification of
sodium tripolyphosphate may involve the use of filtration,
drying, and other methods.

Forming and Packaging: After purification, sodium
tripolyphosphate can be crushed, graded and packaged
according to customer requirements. It usually comes in
powder or pellet form.

Quality control: Quality control is carried out at every
stage of production to ensure that the product conforms to
established standards. This may include analysis of active
ingredients, purity tests and physicochemical measurements.

Waste  Disposal:  The  production of  sodium
tripolyphosphate can generate waste and wastewater. The
plant must provide a system for the treatment and disposal of
these wastes in accordance with environmental and safety
standards.

On an industrial scale, sodium tripolyphosphate is
produced from solutions of sodium orthophosphate in a one-
or two-step process. In the first version, drying and heating
are carried out in the same device, often in a rotary kiln that
recycles the product.

The entire sodium tripolyphosphate manufacturing
process requires compliance with strict safety and regulatory
requirements to ensure high quality products and minimize
potential adverse environmental impacts [1].

Sodium tripolyphosphate (NasP3O1o) is a chemical widely
used in various industries such as food processing, laundry,
detergents, dishwashing detergents, glass, ceramics and other
materials.

Raw materials and reactions

The production of sodium tripolyphosphate is based on
the use of phosphoric acid (HsPO4) and sodium hydroxide
(NaOH) as starting materials. The reaction between
phosphoric acid and sodium hydroxide leads to the formation
of sodium tripolyphosphate:

2NaOH + H3PO4 — NasP3010 + 3H,0 (4)

Production process

The production process of sodium tripolyphosphate can be
divided into several main stages:

1. Preparation of the reaction mixture: Phosphoric acid and
sodium hydroxide are mixed in a reactor in known
proportions. Usually, an excess of sodium hydroxide is used to
ensure complete conversion of phosphoric acid.

2. Reaction: The mixture is heated to a certain temperature
and kept liquid by mechanical stirring. A chemical reaction
occurs between phosphoric acid and sodium hydroxide,
resulting in the formation of sodium tripolyphosphate.

3. Cooling and crystallization; After the reaction is
completed by cooling the mixture, the obtained sodium
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tripolyphosphate comes out of the solution in the form of
crystals.

4. Separation and drying: The resulting sodium
tripolyphosphate crystals are separated from the solution and
subjected to a drying process to remove excess moisture.

Quality and control

Product quality control is an important aspect in the
production process of sodium tripolyphosphate. This includes
the analysis of the composition of the main substance, the
identification of impurities and contaminants, as well as
physico-chemical and microbiological tests. Quality control
ensures product compliance with established standards and
safety requirements [2].

The production of sodium tripolyphosphate is based on the
reaction between phosphoric acid and sodium hydroxide. This
process includes preparation of the reaction mixture, chemical
reaction, cooling and crystallization, separation and drying of
the obtained product. Quality control is an important part of
production to ensure product compliance with requirements
and standards.

Below is detailed information on some of the
physicochemical properties of sodium tripolyphosphate:

1. Solubility

Sodium tripolyphosphate is highly soluble in water. Easily
dissolves up to 10 g/ml at room temperature. This makes it
effective for use in processes that require rapid and complete
dissolution of water-soluble components.

2. Chemical stability

Sodium tripolyphosphate is chemically stable under most
conditions. It is stable in alkaline solutions and has high
thermal stability. But under acidic conditions or at high
temperatures, it can decompose into phosphates with a lower
oxidation state.

3. pH

Sodium tripolyphosphate is an alkaline compound.
Therefore, its solutions have a high pH, typically around 11 in
a 1% solution. This property makes it useful in processes
where the pH needs to be controlled or maintained, such as
detergent production or food stabilization.

4. Formation of complexes

Sodium tripolyphosphate forms complexes with various
metal ions, including calcium, magnesium and iron ions. This
allows it to be used in processes such as degreasing and
defoaming in industrial systems to remove solid deposits and
precipitated salts. Hardening properties can also be used to
stabilize foods and prevent ingredients from settling or mixing.

5. Source of phosphorus

Sodium tripolyphosphate is a good source of phosphate,
which is important in biological processes. Phosphorus is an
important element for the growth and development of plants,
as well as for the normal functioning of the body. In the food
industry, sodium tripolyphosphate can be used as an additive
to improve the structure and texture of food products.

6. Form and appearance

Sodium tripolyphosphate appears as colorless or white
crystals, usually in powder or granular form. It has a very high
density of about 2.5 g/cm?.

The drying tower is a vertical cylindrical device with a
conical bottom. The top of the tower is equipped with an ex-
plosion valve and two mixing baffles that mix two heat flows:
the first from the turbocalciner and the second from the com-
bustion of natural gas in the upper burner.
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First of all, it should be noted that none of the installations
of the drying and heating shop has an optimal process control
system, which is closely related to the lack of an adequate
mathematical model of these processes.

The quality of SPTP increases by 10-15% with the intro-
duction of an optimal control system in the drying tower of the
sodium tripolyphosphate production process. Moreover, the
process is carried out with minimal fuel consumption and low
consumption of finished products [3].

The scheme of automatic adjustment of the orthophosphate
drying process is as follows (Figure 1).

Various devices are used in raw material drying, especially
spread drying towers are considered widespread.

Diffusion drying towers are designed for drying sodium or-
thophosphate and are designed to reduce moisture content to
1%. The drying tower (9) is a vertical cylindrical apparatus,
conical downwards. The upper part of the tower is equipped
with an explosion (explosion) valve and two mixing baffles
that mix two coolant flows: the first from the turbo calciner
and the second from the upper natural gas combustion burner.
The upper pressure manifold is located outside the tower under
the mixing chamber. Decomposes orthophosphate solution
consists of 32 nozzles (10) with a hole diameter of 0.8 mm.

In the nozzle, orthophosphate is distributed and sprayed
under a pressure of 9-15 MPa through a pipe drive. Injector
burners (8) are located in the tower. Dispersed orthophosphate
is dried by burning gas in a burner. Dried orthophosphate is
dehydrated and crushed in a drying tower goes down. From
here it is sent directly to the turbo calciner (12).

The scheme of automatic adjustment of the orthophosphate
drying process is as follows (Figure 1).
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Figure 1. Diagram of automatic adjustment of the orthophos-
phate drying process

Various devices are used in raw material drying, especially
spread drying towers are considered widespread.

Diffusion drying towers are designed for drying sodium or-
thophosphate and are designed to reduce moisture content to
1%. The drying tower (9) is a vertical cylindrical apparatus,
conical downwards. The upper part of the tower is equipped
with an explosion (explosion) valve and two mixing baffles
that mix two coolant flows: the first from the turbo calciner
and the second from the upper natural gas combustion burner.
The upper pressure manifold is located outside the tower under
the mixing chamber. Decomposes orthophosphate solution
consists of 32 nozzles (10) with a hole diameter of 0.8 mm [2].

In the nozzle, orthophosphate is distributed and sprayed
under a pressure of 9-15 MPa through a pipe drive. Injector
burners (8) are located in the tower. Dispersed orthophosphate
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is dried by burning gas in a burner. Dried orthophosphate is
dehydrated and crushed in a drying tower goes down. From
here it is sent directly to the turbo calciner (12).

Control of gas and orthophosphate pressure is carried out
by manometers 1 and 2. Temperature control is carried out
by means of thermocouples (7), whose readings are recorded
in a multi-point automatic potentiometer (6) located at differ-
ent points of the tower. Loss of orthophosphate is measured
by an induction flow meter consisting of a sensor (4) and a
measuring block (3).

The automatic control system of the process is imple-
mented as follows: the moisture meter measures the moisture
content of the dried orthophosphate. Humidity 1%-is lower
than, the moisture meter sends a signal to the controller (13).
It itself sends a signal to the executive mechanism [1].

3. Results and discussion

A drying tower was considered as an object. The transfer
function of the object was given by the second-order aperiod-
ic cut-off equation. This section is expressed by a second-
order differential equation:

Wy (s) = —5——— (5)
6s° +5s+1

The task of the designer when choosing the type of regu-
lator should be to provide a quality job of the regulator at
minimum cost and maximum reliability. The designer may
choose a relay, continuous, or discrete (digital) controller
type [3].

To choose the type of regulator and determine its flexibil-
ity, you need to know the following:

1. Static and dynamic description of the control object

2. Regulatory quality process requirement

3. Regulator quality indicator for serial regulators

4. Exciting character that affects the regulatory process.
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Figure 2. Graph of the automatic regulation system
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The dynamic equation of the heat balance in the drying
tower:

do
Pea *Vea X Cca XE: Gea XCpca X6ca + Gpm XCpca X Ocq —

(6)

— Gea X Cpem % 6ca — Gem XCpem X Oem =W x1

Where: V., - is object volume; ¢ - concentrations; G - ex-
penses; 0- temperatures.

Figure 3. Compilation of the dynamic equation of the heat
balance in Simulink
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Figure 4. Graph of the dynamic equation of heat balance

The dynamic equation of the material balance depending
on the amount of moisture in the product:

U]

do
Pca *Vem XE =Gpm X @pm — Gem X @gm —Wiy

Where ®cm, @om - Material humidity.
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Figure 5. Compilation of the dynamic equation of the material
balance in Simulink
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various fields where it is necessary to obtain sodium
tripolyphosphate. Development of a control system reduces
costs.

4. Conclusions

Global production of sodium tripolyphosphate will
continue to increase until algal blooms become a problem in
water bodies. Therefore, saving the world from this problem is

Figure 6. The graph of the dynamic equation of the material ~ the main goal of this project. Russia, China, Kazakhstan: the
balance main producing countries of sodium tripolyphosphate.

In order to optimize the production of sodium

Dynamic equation of the material balance in the drying  tripolyphosphate and improve product quality, a control
process: system is being created that allows for effective monitoring

and regulation of the sodium tripolyphosphate production
e Vo % 32 = Gy x @y + Gom * 9 — G O — G X 8 rocess.
ca > Vom X~ bm X @hm bm X Pea 'cm X @em ca X Pea p > ] .

It is expected that the results of this work can be used in
various fields where it is necessary to obtain sodium
tripolyphosphate. Development of a control system reduces
costs.
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Tpunonudocdar HaTpuii 6HAIPY YPAiICiHE KeNTIprim MyHapara
ONTUMAJIIbI 0acKapy KyHeciH d3ipiaey

A.O. ¥nackan', M.M. Opbinber
Satbayev University, Arvamei, Kazaxcman
*Koppecnonoenyus ywin asmop: aishuak2000@mail.ru

Anparna. byn Makanaga HaTpuid TpUTIOTUGOCBTHIH alyJIbIH aBTOMATTHI 0acKapy *oHe Oackapy JKyHeciH a3ipiiey mporeci
KapacTeIpbsUIFaH. Hatpuit Tpunommdocdatsr (NasPsOio) opTypiti cananapia, COHBIH iNTiHAE TaMak, XUMHS JKoHE (apMaIreBTHKa
cananapbiH/ia KeHIHEH KOJIaHBUIATIH MaHbI3/[bl XUMHUSUIBIK KOCBUIBIC. TYPaKTaHIBIPFBIIL, KOICHITKBIII XOHE CY KYMCAPTKBIII
perinae KosumaHbuiaabl. Hatpuii TpunonmmndocdaTeHBIH KCTPaKIUs MpOIeciH OaKpUIayaslH THIMAL JKYHECiH jkacay eHipic
THUIMJIUITIH apTTHIPY JKOHE OHIM CalachlH KaMTaMachl3 €TyJIiH Ke3eK KYTTIpMEeHTiH MiHaeTi Ooubin Tabbinansl. Ockl npouecTi
OHTAaWIaH/ABIPY >KOHE THIMIUIIIH apTThIpY YIUIH HaTpuil TpunonngocgaTbIHBIH SKCTPAKUUs IMPOLECiH Oackapy XyHeciH
JKacayIblH YJIKEH MaHbI3bl Oap. Bbyn MoceneHiH es3ekTinmiri Hatpuil TpunoiudochaTbiH ainy mnpoueciHin Oenrimi Oip
KUBIH/BIKTapFa We OOJIybIMEH J>KOHE TeMIeparypara, KbICBIMFa, pEarcHTTEp KaThIHAChIHA oHE T.0. Tayennl OoiyblHa
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OaitnaneIcTEL.Bysm  opTypni mapameTpiepai  Oakpuiay JKOHE peTTey KaKeTTiriHe OaimaHplcThl. HoTwxkeciHme HaTpuit
TpunomudochaT OHepKICiOiHIH THIMIUTIKTI apTTBIPy JKOHE IIBIFBIHAAPABRI a3alTy YVIIH KeNnTipy MyHapalapbIHBIH
ABTOMATTAHBIPBUTFaH MOJICI 931pICH/II.

Hezizzi co30ep: asmomammul backapy gicyiieci, IKCmMpaxyusi npoyeci, Kenmipy MyHapaiapol, Mamemamuxaibl MoOeb.

Pa3paboTka onTUMAJILHOM CHCTEMbI YIIPABJICHUS CYHIMJIbHOMN
OamHel nmpouecca Npou3BoACTBa TpUnoJaudocdara HaTpus

A.O. Ynackan", M.M. Opsiaber
Satbayev University, Arvamoi, Kazaxcman
*Aemop ons koppecnondenyuu: aishuak2000@mail.ru

AHHoTanus. B 1aHHOU cTaThe pacCMOTPEH Mpolece pa3pabOTKH aBTOMAaTHYECKOW CHCTEMBI YIPABJICHHUS U KOHTPOJIS IPO-
u3BojcTBoM Tpunoiudocdara Hatpus. Tpunonudochar Hatpus (NasPsOio) — BakHOE XMMHUECKOE COEMHEHHUE, IHPOKO
UCIIOJNIb3YEMOE B Pa3JIMUHBIX OTPACIIAX NMPOMBIIUICHHOCTH, BKIIIOYas HIIEBY0, XUMHYECKYIO U (hapManeBTuyeckyro. Vcmois-
3yeTcsl B KaueCTBE CTa0MIM3aTOpa, 3aryCTUTENs U ymsirautedist Boapl. Co3nanue 3 (GeKTUBHON CUCTEMBI YIPABJICHHS POLIEC-
COM JKCTpaKUuH Tpunosudocdara HaTpus SBISIETCS aKTyaJIbHOM 3aia4eil JJisi MOBBINICHUS 3 PEKTUBHOCTH MIPOU3BOICTBA U
obecrieueHns1 KayecTBa NPOIYKUUH. JIJisi ONTUMH3ALUK 3TOTO TPOLEcca U MOBBIMICHUS ero 3(pQEKTUBHOCTH OONBLIOE 3HaUe-
HHE UMEET CO3JaHUe CHUCTEMBbI YIPaBJICHHs MPOLIECCOM JKCTpakuuu Tpunoiudocdara HaTpus. AKTyaJIbHOCTh JaHHOM IpoO-
011eMbl 00YCIIOBIICHA TEM, YTO IPOLECC MOTydeHUs TpHnonudocdara HATPUS UMEET ONPENeICHHbIE TPYJHOCTH U 3aBUCUT OT
TeMIepaTyphl, AaBICHUSA, COOTHOLICHHS PEarcHTOB M Jp. B 3aBUCUMOCTH OT 3aBHCHMOCTH. DTO CBA3aHO C HEOOXOIMMOCTBIO
KOHTPOJISL M KOPPEKTHPOBKH pa3MYHBIX HapaMeTpoB. B pesynbrate OblIa paspaboTaHa aBTOMAaTHU3MPOBAHHAS MOJCTH CY-
IIUIBHBIX OAIeH JUIsl MOBBIICHAS (P ()EKTHBHOCTH U CHIDKCHHUS 3aTPaT B NPOMBIIUICHHOCTH TPUIOIH(pochaTa HATPUSL.

Kntouesvie cnosa: cucmema asmomamuiecko2o ynpagieHus, IKCMpakyuoHHbll nPpoyecc, CyuuIbHble OAuHY, MamemMamu-
yecKkas MoOeb.
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