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ABSTRACT 

Dry dispersible substances are used as raw materials in almost all branches of production. Mainly in chemical, phar-

maceutical, food, construction and other industries. Therefore, there is always a need for facilities that process this prod-

uct. One of the most important of these devices is the mixer. First of all, it is an important task to create efficient and 

energy-efficient mixers suitable for the product type and production process. Mixers are based on the process of mixing, 

in which the products of different phases are mixed to obtain a homogeneous phase mass. Also, heat is released during 

the mixing process and cooling is required. In the mixing device we designed, we used a horizontal mixer to mix the dry 

dispersible substances and also installed a cooling shell in the mixing zone. Based on laboratory experience, we consid-

ered the process of wet mixing of dry substances. In the process of mixing, we used mixers with different shapes of the 

mixing part, and the dependence of the degree of mixing on the design of the mixers was studied. In the process of mixing 

the mixture, the dependence of cooling on cooling water consumption was studied. In the process of mixing, the product 

obtained in laboratory conditions fully meets the requirements. The created device meets the production requirements and 

has been determined to be economically efficient.  

АННОТАЦИЯ 

Сухие дисперсные вещества используются в качестве сырья практически во всех отраслях производства. 

В основном в химической, фармацевтической, пищевой, строительной и других отраслях промышленности. По-

этому всегда существует потребность в установках, перерабатывающих этот продукт. Одним из важнейших 

из таких устройств является смеситель. Прежде всего, важной задачей является создание эффективных и энер-

гоэффективных смесителей, подходящих под тип продукта и процесс производства. В основе работы смесителей 

лежит процесс смешивания, при котором продукты разных фаз смешиваются для получения однородной фазовой 

массы. Также в процессе смешивания выделяется тепло и требуется охлаждение. В разработанном нами смеси-

тельном устройстве мы использовали горизонтальный смеситель для смешивания сухих дисперсных веществ, 

а также установили охлаждающую оболочку в зоне смешивания. На основе лабораторного опыта мы рассмот-

рели процесс мокрого смешивания сухих веществ. В процессе смешивания использовали смесители с различной 

формой смесительной части, а также изучали зависимость степени смешивания от конструкции смесителей. 

В процессе смешивания смеси изучали зависимость охлаждения от расхода охлаждающей воды. В процессе сме-

шивания полученный в лабораторных условиях продукт полностью соответствует требованиям. Созданное 

устройство соответствует производственным требованиям и определено как экономически эффективное. 
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Introduction Today, along with the increase in the 

production of chemical products, their use in various 

sectors of the national economy is also expanding. This, 

in turn, leads to the acceleration of the use of new tech-

nologies and the development of scientific and technical 

progress in all industries. The increase in the production 

of consumer goods requires the expansion of the base 

of industrial raw materials. In production, the main pri-

ority is the use of technologies with high productivity, 

efficient process, and low relative energy consumption. 

With the introduction of modern technologies in the in-

dustry, the demand for high-efficiency and energy-sav-

ing devices is increasing. This, in turn, requires the 

creation of improved technologies of high-efficiency 

and energy-efficient devices [1]. Production of bulk and 

powder products is widespread in modern industries. 

For example, the mixing process is widely used 

in chemical, pharmaceutical and food, construction and 

other industries. The mixing process is widely used 

to create a mixture of the same concentration as a result 

of mixing products of different phases and different 

concentrations. Also, during the mixing process, the 

process of mass and heat exchange is carried out, 

thereby obtaining products within the specified 

requirement. By applying the mixing process 

in production, finished or raw products are obtained. 

At the same time, the requirements for the homogeneity 

of mixtures and the performance of mixer equipment are 

constantly increasing. Despite many scientific studies 

and design-construction work, the solution of these 

problems still lags behind the requirements of modern 

technology. When mixing dissimilar components, the 

main barrier to obtaining a quality mixture is based 

on the melting of the components at different 

temperatures [2].  

Materials and methods 

If we introduce the concept of degree of mixing 

in the process of mixing, it is the same distribution 

of two or more substances in the total volume of the 

total system. It is impossible to perfectly use the laws 

of the mixing process in all branches of production. 

Also, during the mixing process, it is possible to achieve 

a maximum mixing level in a short period of time. But 

it does not always satisfy the requirements of the tech-

nological regulation. Therefore, it is necessary to carry 

out scientific research on methods based on the elimina-

tion of all the negative factors affecting the mixing pro-

cess and the maximization of the quality of the process 

[3]. The mixing process is carried out in the flow 

of components in different hydrodynamic structures. 

These flows are organized on the basis of different 

forms of the working body of the mixer. Basically, the 

process is carried out in mixers with different mixing 

parts. All mixers designed for high efficiency in produc-

tion must be designed on the basis of accurate calcula-

tions. Determining the main optimal technological pa-
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rameters of mixers is one of the main problems. Differ-

ent processes and different raw materials are used in the 

industrial process. Depending on the type of raw 

materials, mixers of different structures are used. When 

mixing liquid products, vertical mixers are used 

to create suspensions and emulsions [4].  

Some products need to be cooled or heated during 

the mixing process, and it is advisable to install cooling 

or heating shells on the equipment. It is possible 

by installing a shell on the horizontal and vertical 

mixers, which helps to efficiently carry out the process 

taking place in them. The problem of mixing different 

phase environments, especially in non-isothermal 

systems, to prevent temperature rise, is also waiting for 

its solution. It is an important task for industries that 

require increasing chemical reactions, mass and heat 

exchange coefficient [5]. The choice of mixing methods 

and equipment is determined by the purpose of the 

mixing process and the type and condition of the 

materials to be mixed. Therefore, in any mixers created, 

the first thing is to speed up the processes carried out 

in it and ensure that the product mixed in it is of high 

quality. [6].  

Results and Discussion 

When mixing dry dispersable materials and 

obtaining a homogeneous mixture by wetting dry 

dispersable materials, it is desirable to use horizontal 

mixers mainly with blades. A bladed horizontal mixer 

design was created to prepare the mixture by mixing the 

dry dispersible compounds (Figure 1). The housing 

of the mixing device also has a cooling shell. Heat 

is released as a result of a chemical reaction when some 

dry dispersable substances are wetted and mixed 

to obtain a mixed product, and this heat needs to be 

cooled. If this heat is not removed, it will damage the 

quality of the product. A cooling shell is also placed 

in the mixing device developed for this reason. The 

structure of the mixing part and its speed are considered 

to be the most important factors in increasing the 

efficiency of mixing devices. 

 

 

 

Figure 1. A mixer laboratory device 

 

The bottom of the horizontal mixer is in the form 

of an arc, and the blades (2) are arranged in the form of a 

triangle on the horizontal rotating axis (7). From the top 

of the device, there is a spout (1) for spraying liquid and 

a slot (3) for loading the product. At the bottom of the 

device there is a slot for pouring the finished product. 

In the main body of the device, cold water enters the 

cooling shell (12) from one side and flows out from the 

other side. Electromotor driving the device (5), bevel 

gear (15), tightening ring (6), rotating bearing (4). 

Frequency control inventor (8), support legs (11). 

It consists of pumps (9), opening and closing valves 

(13), which drive liquids. In the device, an experiment 

was carried out to obtain a bleaching agent by reacting 

a dry product - sodium percarbonate as a liquid with 

a water tank (14) and a hydrogen peroxide tank (10). 

During the experiment, various data were obtained and 

the data were analyzed in a graphical form 

by calculating based on the calculation formulas. 

A variety of method and design changes have been 

made to the mixer device to increase its efficiency. 

We conducted experiments on mixers with three 

different designs (Figure 2). Mixers consist of blades 

and ribbons arranged in three different ways on the axis 

of rotation. They are shown from above. The blades 

is placed in the form of a triangle on the axis of rotation 

(Figure 2-a), the blades are placed in the form of a plus 

on the axis of rotation (Figure 2-b), and the tapes are 

connected in the form of a spiral (Fig. 2-с). This is how 

the mixer was created in three different ways. It is 

designed for dry dispersion mixtures. The mixing part 

of the device is called "mixer". 
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Figure 2. Mixers 

 

Calculations were made to determine the degree 

of mixing of the mixing device using these formulas. 

When determining the degree of mixing, samples are 

taken from different points of the mixture and poured 

into the calculation formula. In the mixing device, the 

mixing frequency is controlled by 8 and the mixing 

is adjusted to the appropriate rotation frequency at dif-

ferent times of the process. During the experiment, dry 

product is first poured into the device and mixing 

is started. The wetting liquid is sprinkled in and the 

mixing is continued, the specified amount of liquid 

is added and thoroughly mixed [7]. The mixing process 

is carried out according to the three different 

constructions shown in Figure 2. The effectiveness 

of the mixture device is dependent on time on the basis 

of three different mixtures to determine the effective-

ness of the mixture. Which structure is considered pos-

sible to have the same content in how long [9]. The 

schedule of dependence on time on the basis of three 

different structures of the level of mixing levels 

is drawn. Different results are achieved on the basis 

of structures on the device of the product. 

 

 

 

Figure 3. The degree of mixing related to the mixer device 

 

The degree of mixing of the product in the device 

depends on the mixing design and time is shown in the 

graph. When mixing with the construction of the figure 

(c), the degree of mixing reaches 97-98% for 2 minutes. 

(b) reaches 97-98% in 2.6 minutes, respectively, when 

mixed with the construction shown. If mixed with the 

construction in (a) view, it reaches 97-98 % during 3.3. 

It can be seen that the efficiency of the mixing process 

varies depending on the mixer design. Some products 

generate heat during mixing and need to be cooled 

or kept at the same temperature without changing the 

temperature. If the heat is not removed, the mixing pro-

cess will be adversely affected or the process will not 

take place. Therefore, as a result of installing a cooling 

shell on the mixer device, we have the possibility 

of cooling. Dry production of peroxide compounds re-

quires a cooling shell in the mixing unit. During the 

mixing process, heat is released during the reaction, and 

it is necessary to maintain this process at 13-15 ℃. 

Cooling is done with water. How much cold water cir-

culates in the shell in a certain time and what is the mode 

of movement. How much cooling is consumed during 

the mixing of the mixture [10]. In the process of mixing 

dry dispersible substances, the consumption of cooling 

water was determined through the heat balance, and the 

dependence of the temperature of the mixture on the 

consumption of cooling water was studied. Based 

on this, it was represented by a graph. 
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Figure 4. Dependence of the mixture temperature on the consumption of cooling water 

 

In the process of mixing dry dispersants. 

Temperature control is carried out by the consumption 

of cooling water, the higher the consumption, the lower 

the temperature of the mixture. The curve on the graph 

represents the temperature of the mixture. When the 

cooling water consumption for the mixture is increased 

to 120-250 l/h, the temperature of the mixture decreases 

to 20-10 ℃, and this temperature is considered as a 

suitable temperature for carrying out the mixing process. 

If the cooling water consumption is increased to 550 l/h, 

the mixture temperature will decrease to 5 ℃. If the 

cooling water consumption is reduced by 50 l/h. If the 

cooling water consumption is reduced to 50 l/h, the 

temperature of the mixture will rise to 50 ℃, which 

is not suitable for the mixing process. This leads to a 

decrease in the efficiency of the process. Therefore, the 

consumption of cooling water is high and the cooling 

of the mixing process is accelerated.  

Conclusions As a result of the experiments, it was 

found that the product mixed in the created mixing 

device fully meets the requirements. It is also possible 

to cool the dry spreadable products during wet mixing. 

The degree of mixing depends on the design of the 

device, which is a consideration when choosing a mixer 

design. Accordingly, the power required by the mixer 

will also depend on the design of the device. Therefore, 

the selection of the device is based on the type of raw 

materials to be mixed and the state of the resulting 

product. When choosing a device, the type of metal, 

optimal and efficient, as well as the creation of a device 

that requires less energy is an important factor. In the 

production of dry dispersable substances or use as a raw 

material. The product produced on the basis of the 

application of mixing and heat exchange process 

is economically efficient. In production, import-

substituting products are produced. The product 

manufactured on the basis of the conducted experiments 

fully meets the requirements of GOST 32387-2013. 

It can be used as a bleaching agent for clothes, cleaning, 

oxidizing dyes and cleaning fabrics in the textile and 

chemical industries, as a disinfectant, and as a 

disinfectant. 

 

 

References:  

1. O.R. Abdurakhmanov, F.R. Abdullaev, B.J. O’rinov "Main parameters of the mixer device" International Scientific 

Journal No. 4 (100), part 2 "Scientific Impulse" November, 2022 

2. V.M. Belyaev, V.M. Mironov  calculation and design of the main equipment of the industry Tomsk Polytechnic 

University 2009. 

3. S.V. Sirgive.V.G. Nekrutov. Intensification of the mixing process low viscosity food products Food Industry 2/2011 

4.  A.A. Markelov. Study of mixing processes and devices with agitators. Saint Petersburg. 2004 

5. Garabayu A.A. Intensification Of the Mixing Processes Of Dry Bulk Materials In Modern Mixers. The article was 

received by the editors on April 15, 2010. 

6. Tsibizova A.A. Mixing liquids. Separation of solid and liquid phases. Settling, filtering, centrifuging 20.05.2020 

7. "Fundamentals of equipment and design" T.A. Ataqo'ziyev, M. Iskanderova, R.A. Rakhimov, E.T.Otaqozev // Pub-

lishing House of the National Society of Philosophers of Uzbekistan Tashkent 2010. -319 b 

8. G. S. Dyakonov, G. A. Aminova, G. V. Manuiko Interacting Processes Of Heat Transfer And Chemical Transfor-

mation During Production Of Butadiene Rubber On Cobalt- And Neodime-Containing Catalytic Systems UDC 

66.011; 66.095.26:541.127. 

9. N.M. Ragozin //Processing and utilization of dispersed materials and solid wastes// 2013 -464 b. 

10. G.V. Lepesh, S.K. Luneva St. Petersburg State Economic University (SPbGEU) 191023, St. Petersburg, st.Sadovaya, 

21. Increase Of Effectiveness Of Heat Exchanging Machinesi. Technical And Technological Problems Of The Ser-

vice №1(39) 2017


