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Abstract. The purpose of this work is substantiating the technology of drying finely divided paste products and to offer the
construction of a vortex dryer, to make the original apparatus and to determine the conditions under which the process of drying the
titanium dioxide paste in the vortex flow of the heat carrier occurs, and the resulting dried product fits the technical and consumer
requirements.

In the article the method and the original drying vortex apparatus for drying of paste-like products and obtaining finely divided
powders, the characteristics of which comply with generally accepted requirements and standards are proposed. As a result of the
theoretical, simulation and experimental studies of the operation of the installation, optimal modes and operating conditions have
been determined which provide the necessary hydrodynamic modes of the heat carrier movement and the high speed of the processes
of drying and drying of the product. The resulting final product, a finely divided titanium dioxide powder, meets all mechanical and
consumer standards.

The experimental, static and dynamic methods for determining the gas phase pressure differences, the kinetics of the grinding, drying
and drying of fine-dispersed products and the optical method for investigating photo samples of the finished product TiO: are used in
the work.

The design of the drying apparatus can be used to obtain fine particles and pigments from paste-like products, by intensive grinding
and drying, in food, light, pharmaceutical, pulp and paper and other industries.

Keywords: drying process, drying apparatus, vortex flow, coolant, dispersion, powder, dryness.

Introduction

The process of drying fine paste is a technological process that consists of a combination of heat transfer
processes of heat and mass. When choosing the optimal drying and rational design of the dryer, it is necessary to
provide the conditions necessary for obtaining the technological properties of the material, which require industry
standards. The rational method of heat treatment and the most suitable design of drying apparatus are established only
for a particular material or group of materials having similar physical and chemical properties. In this paper, as a
material for the study of drying processes, is paste of TiO, titanium dioxide.

An important scientific problem is reducing the cost of heat energy in the drying process, which consumes up to
25% of world energy production [1]. An insufficiently solved problem is the reduction of energy costs and the
intensification of drying in the production of finely divided powders, in particular titanium dioxide. The market demand
for titanium dioxide is increasing. Major consumers of TiO, titanium dioxide are paint and varnish, metallurgy, paper,
pharmaceuticals and other industries where it is used as filler. Titanium dioxide is also used as filler for the manufacture
of various plastic masses and products, and for the production of high-quality paper.

In the technology of titanium dioxide production, the process of drying paste of TiO; is the most energy-intensive
and limiting process. One of the main indicators of finished products is the low residual moisture of fine powder. It
should be no more than 0.3%. To obtain such a value of residual moisture in conventional drying machines, the
temperature of the waste heat carrier at the exit of the dryer increases, this leads to significant costs of thermal energy. It
is necessary to destroy agglomerates, withstand a narrow range of moisture content, to separate the particles in
geometric sizes (remove dust particles), to clean the coolant. Therefore, the study of the process of drying paste of
titanium dioxide and the development of new high-efficient and energy-saving equipment for obtaining a TiO, product
with high given mechanical and consumer properties is an actual task.
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Analysis of scientific works

The choice of the most appropriate type of apparatus for drying a fine particle of titanium dioxide is based on the
analysis of a large number of various factors that influence the drying process, such as:

- characteristics of paste as an object of drying;

- productivity of the device;

- technological requirements for drying, taking into account all the processes necessary for obtaining high-
quality products;

- requirements of environmental and industrial sanitation;

- energy and economic requirements.

The analysis of literature [1, 4, 5-8] showed that at present, the choice of optimal and expedient type of drying
apparatus for fine disperses paste is a complex task of the system analysis of processes and apparatuses of chemical
technology. Almost such a choice is made on the basis of a quantitative or qualitative assessment of the conformity of
known types of apparatus to the properties of the paste. Important properties are:

- the value of the specific surface, the size and volume of the pores, which determine together the diffusion
resistance of the internal mass transfer;

- thermal properties that determine the thermal resistance during drying;

- the forms of moisture communication with the material, which determine the energy that needs to be spent
on drying and affect the heat transfer mechanism;

- hydraulic properties.

Determining the full set of these properties is a complex and bulky task that requires a lot of experimental work.
Therefore, in order to expedite the choice of the most appropriate type of dryer, in this work it was decided to assess the
existing modern drying equipment for the conformity of the dried product.

After a preliminary assessment of existing drying equipment, many of the presented vehicles preferred a group of
dry-cleaners such as "fluidized bed" (FB). This is the most promising group of devices for fine-grained materials [4, §],
since they only allow to provide heat and mass transfer to each individual unit capable of aggregation. This group
includes units: boiling bed (BB) and passing boiling bed (PBB);

- «Flush» type;

- fountain bed and aero fountain bed;

- vibroboiling bed (VBB);

- swirling bed (SB);

- pneumatic transport (PT);

- with twisted streams (TS);

- with counterclockwise twisted streams (CTS).

The selected list of drying appliances should be supplemented with devices with an organized fluidized bed
(OFB) and pneumatic helix driers (PHD) [5], as well as combined plants of various types.

Problems of intensification of heat and mass transfer in drying apparatuses for dispersed materials, as well as
elimination of the removal of non-material material or reduction of the retour and some other problems characterizing
the quality of the chosen drying method and design of the dryer, are determined by the hydrodynamic regime.
Hydrodynamics of vortex flows, as well as physical and mathematical simulation of the fine-dispersed drying process,
have been studied in detail and widely presented in the literature [2, 3, 7-10].

Experimental installation

In order to achieve the prescribed requirements for a dried titanium dioxide powder, a specially designed
methodology for carrying out the experiment was used.

The study of the drying process of fine titanium dioxide paste in vortex fluxes of the coolant was carried out on a
pilot installation with the dimensions of the vortex drying conical chamber A x B x H= 0,1 x 0,4 x 0,7 m. The vortex
chamber of the drying apparatus in the lower part is equipped with a dispersant for grinding agglomerates of paste
[Patent of Ukraine No. 108688, IPC F26B 17/10 (2006.01)]. Also, the authors of the article developed a method for
drying paste-like materials, on which the design of a dryer was implemented [Patent of Ukraine No. 107089 of the IPC
F26B 17/10 (2006.01)].

Materials

As a drying material, a thyrotrophic, fine-dispersed TiO, titanium dioxide paste w = 55% and a density of p =
2173 kg/m® were used which, when applied mechanically, reduced its viscosity and increased fluidity. This feature of
the paste allows you to feed it into the drying chamber with an increased dryness of up to 80% and will not clog up the
feeder-dispenser of the installation.

Measuring complex

The difference in pressure for the dispersion zone and the drying zone was continuously measured by two
diffusers D; and D, the temperature and humidity of the vortex fluxes of the heat carrier and titanium dioxide particles
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by a computerized system in the application of humidity and temperature sensors MLX90614 at a frequency of 63
measurements per second (63 Hz), under connected to your computer with Arduino Pro Mini. The diagram of the
arrangement of devices and sensors for data loss and differential meters is shown in Fig. 1.

A | N
y
Fig. 1. Scheme of a computerized system for measuring the difference in pressure, temperature and humidity
in the experimental installation of a drying machine
a — Diagram of placement of sensors for measuring the temperature and humidity of the coolant;
b — Diagram of placement of difemometers for measuring of changes in coolant pressures; 1 — vortex drying

chamber; 2 — dispersant for titanium dioxide; 3 — final drying zone; 4 — sensor for measuring temperature and
humidity; 5 — microcontroller Arduino Pro Mini; 6 — Computer for visualization and data storage

Theoretical studies of trajectories and hydrodynamics of vortex flows of a drying agent in a developed
drying chamber

First of all, it is necessary to know the distribution of gas flow between continuous gas and fine material for the
development of methods for calculating heat and mass transfer processes when drying fine-grained pastes and the
creation of appropriate equipment with two-phase media. These tasks form the basis for describing the behavior of two-
phase environments, namely vortex flows, and therefore cause great interest in these problems. However, satisfactory
quantitative patterns that adequately reflect the acrodynamic and hydrodynamic characteristics of vortex flows are still
rare in the literature.

In this paper, the original design of a drying apparatus (Figure 2) is considered for the production of a fine
powder of titanium dioxide.

Two-phase vertical streams arise in the drying chamber, in which a process of drying of a wet product - a finely
divided paste of TiO; - occurs. As a coolant the heated dry air is used at a temperature of 90 - 120°C. These flows at
each stage play an important role in addition to the heat and mass transfer processes, as well as the displacement of
solid dispersion over the respective zones of the drying chamber A, B, C, D (Figure 2).

In the first zone A, the dispersion of the fine material is added with the addition of dried powder and drying of the
surface moisture. In the second wall zone B, the separation of the solid fraction occurs due to the centrifugal force that
rejects the heavy particles on the cone-shaped surface of the drying chamber, which are transferred again to the
dispersion zone A. Then the dried fine material is moved to the drying zone C, after which it enters the outlet pipe and
withdrawn from the drying chamber.

The main flow of the drying agent to the bottom of the drying chamber 4 in the amount of Wi, m’/s, is fed
through the nozzle 1 to the diffuser 2, which distributes the heat carrier flows and directs them to the dispersant 3,
where the flows are swirled in the vortex stream in the direction of rotation of the knives. Simultaneously, in the upper
part of the drying chamber tangentially, through the nozzle 5, a drying agent amounting to W», m%/s, is added to the pre-
drying of the finely divided particles of the material.

The total cost of the drying agent can be written, taking into account the dimension of m%/s, in the form:
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Fig. 2. Scheme of the original drying apparatus for obtaining fine dispersions
1 — main supply pipe for the drying agent; 2 — diffuser; 3 — dispersant; 4 — cone-shaped drying chamber; 5 — nozzle for final
drying agent drying; 6 — separation cylinder; 7 — system for supply wet dispersions; 8 — outlet pipe;
A — dispersion zone; B — fractional separation zone; C — final drying zone

W=W+W,, W=k-W,

where & — the ratio of the amount of drying agent to drying the fine particles of the material. The coefficient & to
determine the required amount of drying agent for drying is determined from the material and thermal balance.

The moist material is fed into the middle of the drying chamber 4 by means of the supply system 7. As a result,
two streams are found in the drying chamber and a total swirling vortex flow of the drying agent and the particles of the
moist material (Figure 3-5) is formed, from which it is evident that as a result of twisting two streams in one direction,
they do not destroy each other, and encountering in the middle zone of the camera in plane S, unite and deduced from
the drying chamber. Placement of the plane S will depend on the cost of the drying agent W, and W, m’/s.
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Fig. 3. Study of vortex flows for expenses 20 m%/s for the bottom of the chamber and 80 m?%/s
for the upper part of the chamber
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Using the Solid Works design and Flow Simulation a 3D model of the dryer was designed and the velocity and
pressure velocity fields of the vortex fluxes of the coolant were studied. By setting different combinations of charges of
the drying agent at the inlet of branch pipes 1 and 5, one can determine the nature of the movements of the drying agent
in the cell of the apparatus. The following cost values were used:

1.  Entrance pipe 1 — 20 m3/s, entrance pipe 5 — 80 m3 /s (figure 3);
2. Entrance pipel — 20 m3/s, entrance pipe 5 — 120 m3/s (figure 4);
3. Entrance pipel — 20 m3 /s, entrance pipe 5 — 150 m3 /s (figure 5);
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Fig. 4. Survey of vortex flows for expenses 20 m%/s for the bottom of the chamber and 120 m%/s
for the upper part of the chamber

As can be seen from figures 3 and 4, the vortex flows of the coolant are twisted in one direction and occur in the
middle part of the vortex chamber and inhibit each other. It is in this zone that the separation of already dried fine
particles of titanium dioxide from moist paste conglomerate takes place.
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Fig. 5. Surface flow studies for costs 20 m%/s for the lower part of the chamber and 150 m%/s
for the upper part of the chamber

As can be seen from the distribution diagram of the flows, the speed of the drying agent is divided into two
components: axial and tangential. The axial speed is centered on the drying chamber, and which transports the finely
divided particles of the material from the grinding zone to the drying zone and removes from the chamber. The
tangential velocity of the gas phase is concentrated on the periphery of the drying chamber and separates the particles of
the material and increases the heat transfer efficiency between the particles and the coolant due to the turbulence of the
common two-phase flow and the increase of the Re number. The tangential velocity of the vortex stream decreases as a
result of decreasing the radius of the drying chamber. The swirling coefficient of vortex flows is the ratio of tangential
velocity to the axial and is 5.5 ... 7.0 for this drying configuration.
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The suspended particulate material is raised by vortex flows to the upper part of the drying chamber 4. In this
case, the agglomerated powder particles are transferred to the peripheral layer due to centrifugal forces in which the
lower part of the drying chamber moves through the vortex flow of the superheated coolant supplied through the inlet
pipe 9. As a result the grinding and drying of the fine powder is carried out and removed from the drying chamber
through the outlet 8.

The finished product as a titanium dioxide powder must conform to the following technical requirements
according to GOST 9808-84 (table 1) [4]:

Table 1
Basic technical requirements for titanium dioxide powder

Ne Param Value

1 Ultimate dryness, % no less than 99,5

2 Dispersion, MKM no more than 12 - 15
3 Mass fraction of titanium dioxide, % no less than 98

4 Mass fraction of volatile substances, % no more than 0,5

5 Mass fraction of water-soluble substances, % no more than 0,4

6 pH of aqueous solution 6,5—8,0

7 Coverage, r/m? no more than 40

8 Linen, conditional units no less than 95

9 Mass fraction of iron compounds in terms of Fe,O3, % no more than 0,02
10 Mass fraction of phosphorus compounds in terms of P,Os, % no more than 0,05

The obtained samples of the finished product of titanium dioxide were examined under a microscope and photo
materials were obtained (Fig. 6), on the basis of which the distribution of the content of particles of a certain size from
the particle size was obtained (Fig. 7).

Fig. 6. Photographs of finely divided particles of titanium dioxide resulting from the drying of paste in an original
dry-type apparatus of the vortex type
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Fig. 7. Distribution of particles of a certain size from particle size
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As can be seen from Figure 7, that 75% of the dispersed composition of the product is within 1-15 microns,
which meets the requirements of GOST. The remaining 25% of the product will be crushed on the jet mills.

Advantages of the proposed drying machine:

1. Possibility to supply moist material with moisture content less than 40% in the drying chamber.

2. Reducing the resistance forces acting on the knives of the rotor and, accordingly, reducing the power of their
drive.

The advantages mentioned above allow significantly reducing energy costs and increasing the time of drying of
paste-like materials and concentrating their feeding clearly into a drying shaft through a feeder-dispenser placed on the
top lid of the drying apparatus.

Conclusions

1. The method of drying of paste-like products in vortex fluxes of heat carrier is grounded.

2. A new design of a vortex device for drying of finely divided paste is proposed.

3. The conditions and modes of the drying process are determined, which provide an increase in the drying rate
and a decrease in the energy consumption of the drying process.

4. The finished product fits all the necessary mechanical and consumer requirements.

Pe3yabTaT BUNPOOYBAHHSA OPUTIHAJBHOI0 BUXPOBOI0 CYIIMJIBHOIO aNIApaTy
JJISL MACTONOAIOHUX MPOAYKTIB

B.M. Mapuescbknii, 51.B. I'podoBenko

Anomayin. Memow Oanoi pobomu nonseac 6 HeoOXIOHOCMI OOIPYHMYAMU MEXHOAOSHO CYWIHHA MOHKOOUCHEPCHUX
nacmonooionux nPooyKmie ma 3anponoHyeami KOHCMpYKYiio CyuunbHo20 anapama euxpo6o20 muny, 6U20mosumy OpuiHatbHull
anapam ma GU3HAYUMU YMOGU NPU AKUX 8i06YEAEMbCs npoyec CYWIHHA NACmu 0iOKCUOY MUmany y 6UXpoGUX NOmMoKax menioHocis,
a ompumanuil 8UCYuweHUll npoOYKm 8i0N06I0ae MEXHIYHUM MA CRONCUBHUM BUMOSAM.

B cmammi 3anpononosarno cnoci6 i opucinanbHull CywunbHULl anapam uxpo8o2o muny 015 CyWiHHA nacmonooiOHux npooyKkmie ma
ompumanus OPiGHOOUCNEPCHUX NOPOWIKIB, XAPAKMEPUCTIUKY AKUX 8I0N08I0AIONb 3A2aNbHONPUTHAMUM 8uMo2am i cmanoapmam. B
pe3yibmami  npogeoeHux MmMeopemudHux, IMImayitinux ma eKCHepUMeHMANbHUX OO0CTIONCeHb PoOOmMU  YCMAHOBKU GUHAYEHO
ONMUMANBHI pedcumMy ma ymosu pobomu, sKi 3abe3neqyiomv HeoOXiOHi 2IOpOOUHAMIYHI pedcuMu pyxXy MenioHOCIS ma GUCOKY
WBUOKICb NPOYecié CYWIHHA | 00Cyuly8ants npooykmy. Ompumanuti Kinyesuil npooyKm — MOHKOOUCHEPCHUL NOPOULOK OIOKCUOY
Mmumawy, 8i0N0GI0AE 6CIM MEXAHIUHUM MA CRONCUBSUUM HOPMAM.

B pobomi 3acmocosano excnepumenmanvhi, cmamuyni i OUHAMIYHI MemoOu OJsi GUHAYEHHs nepenadié MucKy 2azoeoi gasu,
KiHemuxku npoyecie noopiOHeHHsl, CYWIHHA Ma 00CYWYB8AHHA MOHKOOUCNEPCHUX NPOOYKMI8 Ma ONMUYHUL MemoO O0CNiOHCEeHHS
gomo 3paskie comosozo npodykmy TiO:.

Po3spobnena xoncmpyxyis cywunbnozo anapamy modice Oymu 3acmoco8and Oasi OMPUMAHHA MOHKOOUCHEPCHUX NOPOWIKI6 i
niemenmie i3 nacmonooiOHUX NPOOYKmMis, WiAXomM IHMEHCUBHO20 NOOPIOHeHHs ma CYWiHHA, 8 Xap4osill, 1e2Kill, ¢papmayeemuyHnil,
Yenon03HO-NaANepositi ma IHWUX 2any3axX NPOMUCIOB0CHII.

Kniouosi cnosa: npoyec cywinmus, cywunvhutl anapam, 8uxposuii NOMiK, menioHOCIl, OUCHepCHUL, NOPOULOK, CYXiCmb.

Pe3yibTaThl HCNIBITAHUS OPUTHHAJIBLHOTO BUXPEBOT0 CYNIWJIBHOIO anmnapara
JJISl ACTOO0PAa3HBIX NPOAYKTOB

B.H. MapueBckuii, 51.B. 'po6oBenko

Anunomayusa. Llenv Oaunoli pabomsl 3aKMI0OUAEMCs 8 HE0OXOOUMOCMU 000CHO8AMb MEXHONO2UI0 CYWKU MOHKOOUCNEPCHBIX
nacmoo6pasHbIX NPOOYKMOS U NPeONoNCUMb KOHCMPYKYUIO CYUWUTbHO20 ANNApama GUXpe6o20 mund, u32omosums OPUSUHALbHbIL
annapam u onpeodeiums YCio8us, Npu KOMOPbIX NPOUCXOOUM NPOYecc CYWKU NAcmbl OUOKCUOQ MUMAHA 8 SUXPEBbIX NOMOKAX
MenIoHOCUmMest, d NOLY4EHHbII BbLCYULEHHBIL NPOOYKIM COOMEEMCMEYem MeXHUYeCKUM U ROMPeOUMeNbCKUM mpebo8anHusim.

B cmamve npeonosicen cnocob u opueunanbHblll CYWUTbHBLIL Annapam uxpeso2o muna 07 CYWKU nacmoodpasHulx npooyKmos u
NOMYUEHUST METKOOUCNEPCHBIX NOPOUIKO8, XAPAKMEPUCMUKU KOMOPLIX COOMEEMCMEYIOM  0OWEenpUHAmbIM  mMpedOo8aHUsIM U
cmanoapmam. B pezynemame npogedennvix meopemuueckux, UMUMAYUOHHBIX U IKCNEPUMEHMATbHBIX UCCLe008AHUL pabombl
VCMAHOBKU ONpedelieHbl ONMUMATbHbIE PedCUMbl U YCA08usl pabomsl, obecneuugaiowue HeoOXoo0uMble 2UOPOOUHAMUYECKUE
DEdNCUMBL OBUICEHUST MENTOHOCUMEISL U BLICOKVIO CKOPOCHb RPOYECCO8 CYWKY U docyuiusanus npodykma. Ionyyennvlii KoHeuHblil
NPOOYKM — MEAKOOUCHEPCHBILL NOPOUOK OUOKCUOA MUMAHA, COOMBEMCMBYen 6CeM MEXAHUYECKUM U NOMpPedUumensCKumM HopMam.
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B pabome npumenenvr sxcnepumenmanvuvie, cmamuyeckue u OUHAMUYECKUE MemOoObl 0A onpeoeieHus nepenacos OaeieHus
2a30601l hazvl, KUHEMUKU NPOYECCO8 UBMENbYCHUSL, CYWKU U OOCYIUUBAHUS MOHKOOUCNEPCHBIX NPOOYKMOG U ONMUYECKUll Memoo
uccnedosanus pomo 06paszyoe 2omosozo npooykma TiO:.

Paspabomannasi KOHCMPYKYUst CyWUIbHOL0 AnNApama modicem Oblmo NPUMeHeHA OJisi NOLYYeHUs. MOHKOOUCHEPCHBIX NOPOULKOS U
NUSMEHMO8 ¢ NACMOOOPA3ZHBIX NPOOYKMO8, NYymeM UHIMEHCUBHO20 U3MeNbYeHUs U CYWKU 6 NUWesol, 1e2Koll, papmayesmuuecKoll,
YENIONO3HO-OYMAINCHOT U OPY2UX OMPACTSX NPOMBIULIEHHOCTIU.

Knrouesvie cnosa: npoyecc CywKu, cymwszblzZ annapam, GZ/DCPEBOZZ nomok, menjioHocumels, Oucnepcublﬁ HOPOULOK, CYXOCmb.
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