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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.

AHHOTANMUS

CYXI/IG JAUCTICPCHBIC BCIIECTBA UCHOJIB3YIOTCA B KAUCCTBC ChIPbS MPAKTUYCCKH BO BCEX OTPACIAX IMPOU3BOACTBA.
B 0CHOBHOM B XUMHUYECKOM, (hapMaIleBTHICCKOH, MMAIIEBOH, CTPOUTEIFHON U APYTHX OTPACIIAX IMPOMBIILTEHHOCTH. [To-
STOMY BCETZa CYIIECTBYET MOTPEOHOCTh B YCTAHOBKAX, IepepadaThIBAIONINX ATOT MPOAYKT. OIXHUM M3 BaKHEHIINX
13 TaKUX YCTPOMCTB SIBIIsIETCS cMecuTenb. [Ipexae Bcero, BayKHOU 3amavell sBisieTcs co3ganue 3(ppeKTUBHBIX U 3HEp-
o3¢ (HeKTUBHBIX CMECUTENEH, IIOAXOSMIINX O THII IPOAYKTa U MPOIlecC MPON3BOACTBA. B 0cHOBE pabOTH cMecUTeNeH
JIEKUT MPOIIECC CMEIINBAHUS, IIPH KOTOPOM MPOAYKTHI pa3HbIX (a3 CMENIMBAIOTCS ISl OJTY4EHHs OTHOPOIHOH (ha30Boi
Macchl. Takxke B Ipoliecce CMEIIMBAaHUS BBIIEISETCS TEIUIO U TpedyeTcs oxJiaxaeHne. B pazpaboTaHHOM HaMu cMecH-
TCJIBHOM yCTpOﬁCTBe MBI UCIIOJIb30BaJIN FOpHSOHTaHbHLIﬁ CMECUTECJIb IJIA CMEHIMBAaHUA CYXHX AWCIICPCHBIX BEIIECTB,
a TaK)KC€ YCTAaHOBUWJIN OXJIAXKIAIOIIYIO O6OJ‘I0‘IKy B 30He cMeluBaHusa. Ha ocHoBe na60paTopHoro OIlbITa MBI PaCCMOT-
peiin NpouecCc MOKpOTro CMCHIMBAHUA CyXUX BCIICCTB. B npouecce CMEIIMBaHMs UCITOJIb30BaJIn CMCCUTEIIN C pa3J'IPI‘IHOﬁ
q)OpMOfI CMECHUTEIILHOM 4acTH, a TaKKE€ HU3y4dajid 3aBUCUMOCTL CTCIICHU CMCHIMBAHUA OT KOHCTPYKIUHU CMECHTEIIEH.
B nponecce CMEIIMBAHNUA CMECH U3YyYaJIi 3aBUCUMOCTD OXJIAXKJACHHUS OT pacxoda oxnaxcz[a}omef/i BOJHI. B mnpouecce cMme-
HBaHUA HOJ'Iy‘IeHHLIﬁ B J'Ia60paTOpHLIX YCIOBUAX MPOAYKT HOJHOCTBKO COOTBETCTBYCT Tpe60BaHI/I$IM. COB,I[EIHHOG
yCTpOﬁCTBO COOTBETCTBYCT NPOU3BOACTBCHHBIM Tpe60BaHI/I$IM 1 OIIPCACIICHO KaK 9KOHOMHUYCCKHU 3(1)(1)6KTI/IBHOG.
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Introduction Today, along with the increase in the and design-construction work, the solution of these
production of chemical products, their use in various problems still lags behind the requirements of modern
sectors of the national economy is also expanding. This, technology. When mixing dissimilar components, the
in turn, leads to the acceleration of the use of new tech- main barrier to obtaining a quality mixture is based
nologies and the development of scientific and technical onthe melting ofthe components at different
progress in all industries. The increase in the production temperatures [2].

of consumer goods requires the expansion of the base

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

ority is the use of technologies with high productivity, If we introduce the concept of degree of mixing
efficient process, and low relative energy consumption. in the process of mixing, itis the same distribution
With the introduction of modern technologies in the in- of two or more substances in the total volume of the
dustry, the demand for high-efficiency and energy-sav- total system. Itis impossible to perfectly use the laws
ing devices isincreasing. This, inturn, requires the of the mixing process inall branches of production.
creation of improved technologies of high-efficiency Also, during the mixing process, it is possible to achieve
and energy-efficient devices [1]. Production of bulk and a maximum mixing level in a short period of time. But
powder products is widespread in modern industries. it does not always satisfy the requirements of the tech-
For example, the mixing process iswidely used nological regulation. Therefore, it is necessary to carry
in chemical, pharmaceutical and food, construction and out scientific research on methods based on the elimina-
other industries. The mixing process is widely used tion of all the negative factors affecting the mixing pro-
to create a mixture of the same concentration as a result cess and the maximization of the quality of the process
of mixing products of different phases and different [3]. The mixing process is carried out inthe flow
concentrations. Also, during the mixing process, the of components in different hydrodynamic structures.
process of mass and heat exchange is carried out, These flows are organized onthe basis of different
thereby obtaining products within the specified forms of the working body of the mixer. Basically, the
requirement. By applying the mixing process process is carried out in mixers with different mixing
in production, finished or raw products are obtained. parts. All mixers designed for high efficiency in produc-
At the same time, the requirements for the homogeneity tion must be designed on the basis of accurate calcula-
of mixtures and the performance of mixer equipment are tions. Determining the main optimal technological pa-

constantly increasing. Despite many scientific studies
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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 onthe 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 onthe equipment. Itis possible
by installing ashell onthe 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. Itis 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 ahomogeneous mixture by wetting dry
dispersable materials, itis 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 acooling 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 inincreasing the
efficiency of mixing devices.
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Figure 1. A mixer laboratory device
The bottom of the horizontal mixer isin the form the data were analyzed ina graphical 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
adry product - sodium percarbonate asa liquid with
a water tank (14) and a hydrogen peroxide tank (10).
During the experiment, various data were obtained and
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by calculating based onthe 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-c). This is how
the mixer was created inthree different ways. Itis
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 inand the
mixing is continued, the specified amount of liquid
is added and thoroughly mixed [7]. The mixing process
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iscarried out according tothe 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.

t (min)

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
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shell onthe mixer device, we have the possibility
of cooling. Dry production of peroxide compounds re-
quires a cooling shell inthe mixing unit. During the
mixing process, heat is released during the reaction, and
itis necessary to maintain this process at 13-15 °C.
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 ofmixing dry dispersants. The degree of mixing depends onthe design of the
Temperature control is carried out by the consumption device, which is a consideration when choosing a mixer
of cooling water, the higher the consumption, the lower design. Accordingly, the power required by the mixer
the temperature of the mixture. The curve on the graph will also depend on the design of the device. Therefore,
represents the temperature of the mixture. When the the selection of the device is based on the type of raw
cooling water consumption for the mixture is increased materials to be mixed and the state of the resulting
to 120-250 I/h, the temperature of the mixture decreases product. When choosing a device, the type of metal,
to 20-10 °C, and this temperature is considered asa optimal and efficient, as well as the creation of a device
suitable temperature for carrying out the mixing process. that requires less energy is an important factor. In the
If the cooling water consumption is increased to 550 I/h, production of dry dispersable substances or use as a raw
the mixture temperature will decrease to 5 °C. If the material. The product produced onthe basis of the
cooling water consumption is reduced by 50 I/h. If the application of mixing and heat exchange process
cooling water consumption is reduced to 50 I/h, the is economically efficient.  In production, import-
temperature of the mixture will rise to 50 °C, which substituting products are produced. The product
is not suitable for the mixing process. This leads to a manufactured on the basis of the conducted experiments
decrease in the efficiency of the process. Therefore, the fully meets the requirements of GOST 32387-2013.
consumption of cooling water is high and the cooling It can be used as a bleaching agent for clothes, cleaning,
of the mixing process is accelerated. oxidizing dyes and cleaning fabrics in the textile and

Conclusions As a result of the experiments, it was chemical industries, asa disinfectant, and asa
found that the product mixed inthe created mixing disinfectant.

device fully meets the requirements. It is also possible
to cool the dry spreadable products during wet mixing.
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