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Abstract

Scientific and technical studies on the intensification of removal moisture from
dispersed materials and their simultaneous dispergation in the hollow heating
element of a thermo-vacuum apparatus is researched. Continuous thermo-
vacuum dehydration and dispergation process of zirconium hydroxide, brown
coal, graphite, sawdust, biological materials is considered. Based on
conducted studies was made conclusions about perspective to use this
technology. Thermo-vacuum technology is different from the other by low-
temperature heating, low time processing, humidity indicators controlling and
nano-dispersion grinding.
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Thermal - Vacuum dehydration and dispergation of dispersed materials

1. Introduction

Intensification of production processes as well as solution the problems of energy and
resource saving at dehydration of dispersed materials has become increasingly important in
recent times.

There are drying installations in which the mechanical process of dispersion and
dehydration of dispersed material are used in parallel; it leads to intensification of the
process and reduction in capital expenditures [1]. In this case, preheated air is used as a
drying agent.

In the paper [2] it is shown, that a significant amount of heat is released at fine grinding of
materials in impact-reflective mills. This phenomenon is associated with impact and
friction of material particles on working surfaces of the mill, emergence of new surfaces
during destruction and also due to turbulence of the dust-gas mixture in the working zone
of the mill.

Thus, heat occurrence in the process of fine grinding in impact-reflective mills ensures in
parallel the processes of dehydration and dispersion of various materials.

However, due to lack of a rational technology for performing dehydration and dispersion in
parallel, such processes have not became widely used in practice, especially in chemical
technology.

There are various methods and devices designed for dehydration of agricultural dispersed
materials [3, 4]. However, they require considerable energy consumption and do not ensure
obtaining a product with specified characteristics, in particular, dispersion and humidity
which largely affect its quality.

2. Materials and methods

Thermal-vacuum energy-efficient pulse-impact method for continuous dehydration and
dispersion of wet materials has been developed on the basis of the performed theoretical
and experimental studies. The proposed method is based on the principle of combining the
rapid evacuation and thermal heating upon direct contact of a wet material with a heated
surface of the spiral heater, which provides instantaneous heating of wet material particles
in vacuum to a specified temperature. The contact of the wet material with the heated wall
of the heater causes heat transfer from the heater wall to the surface layer of the material,
and the reduced pressure inside the heating element allows moisture to be removed from
the material at a temperature substantially below the vaporization temperature at
atmospheric pressure. The rate of destruction of the surface layer of the wet material
depends on the heating temperature and its internal state.

The thermal-vacuum installation for continuous dehydration and dispersion is presented in
Fig. 1 [5].

The installation consists of a feed hopper (1), hollow heater (2), vacuum pump (3),
pipelines (4, 11), cyclone (5), receiver of dried raw materials (6) and rotary valve (7). It has
thermocouples (8, 13), control panel (9), conveyor (10), filter (12), level sensor for dried
raw material (14), vacuum gauge (15).
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This installation design provides simultaneously both high-performance continuous
dehydration and dispersion of material in heat insulated space.

—————

—_
Fig. 1. Diagram of the thermal-vacuum installation

3. Results

3.1. Dehydration and dispersion of zirconium hydroxide

Let us consider a continuous process of production of zirconium dioxide fine-dispersed
powder from zirconium hydroxide in a thermal-vacuum installation. The initial humidity of
zirconium hydroxide is 80%, the diameter is 6mm, the length is within the range of 10 - 15
mm. Zirconium hydroxide together with an air enter the lower cavity of the heating
element. The rate of a two-phase flow in the thermal-vacuum installation is determined
from the expression:

72-."‘2.(112.|3.p.‘/17 (1)

2-8-1-n7
where, U - rate of a two-phase flow in the heating element, m/s;

r — internal radius of the heating element, m; d —diameter of the particle to be dried, m;,

P — average pressure in the heating element, Pa;

p —medium density kg/m?; vi — hovering rate, m/s;

[ - friction coefficient, kg / s; | — the heater length, m; 17 — coefficient of air dynamic

D =

viscosity, Pas.
Moving inside the heating element of the thermal-vacuum installation (Fig. 1) the
zirconium hydroxide granules (Fig. 2, a) come into contact with heated walls of the heater.

Fig. 2, a. Zircohium hydroxide
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Fig. 2, b. Zirconium dioxide
An instantaneous heating of zirconium hydroxide to a temperature T, which is above the
evaporation temperature T2 (T1> T2), occurs. Local intensive vapor emission occurs inside
the body of zirconium hydroxide granules under reduced ambient pressure. An
instantaneous pressure gradient occurs as a result of vapor emission and zirconium
hydroxide granule falls into small particles, which increases liquid removal from the
material to be dried. Zirconium hydroxide with an initial humidity of 80%, diameter of 6
mm and length of 10 ... 15 mm turns into a fine-dispersed powder of zirconium dioxide
with moisture of 1%, fraction of 0.1 - 10 um. There are no conglomerates in this powder.
(Fig.2, b). The process of zirconium dioxide obtaining from zirconium hydroxide in
thermal-vacuum installation takes 15 seconds.

The moisture (my;) removed from the material to be dried in the thermal-vacuum
installation is directly proportional to the heater power (Py), the heating temperature of the
material to be dried (7), the coefficient of heat exchange between the heating element and
the material to be dried (@), the evaporation area (S). It is inversely proportional to the
environment pressure (P.), the vapor kinematic viscosity (v), the impact elasticity of the
material to be dried (W), the volume of the material to be dried (V) [6].

m :2'(m06m_mc)'P11'T'a‘S 1(2)
o P -v-W .V

c

where, My — total mass of the wet material, kg; m. — mass of the material during
dehydration, kg.

3.2. Dehydration and dispersion of brown coal

Dehydration and dispersion of brown coal (Fig. 3, a) in thermal-vacuum installation
reduces the content of sulfur and nitrogen in coal, which leads to decreasing the amount of
harmful emissions into the atmosphere during its combustion. The minimum particle size of
the dried coal was 40 nm (Fig. 3, b), the moisture content was less than 2%. The moisture
of the initial stock was 40%, the size - 6 mm. Drying the brown coal took 14 s, its color
varied from brown to black. The temperature of the dried brown coal at the heating element
output did not exceed 76 ° C. At the same time, the quantity of energy expended for
dehydration and dispersion of brown coal does not exceed 600 MJ

|@ @@@ 215" INTERNATIONAL DRYING SYMPOSIUM
EDITORIAL UNIVERSITAT POLITECNICA DE VALENCIA

1834


http://creativecommons.org/licenses/by-nc-nd/4.0/

Kutovyi, V.; Tkachenko, A.; Nikolaenko, A.

100KV x20000 3100
Fig. 3, b. Electron microscopy of dried brown coal

3.3. Dehydration and dispersion of graphite

Nano-dispersed graphite of size 10 - 40 nm was obtained from fine-dispersed
graphite in the thermal-vacuum installation (Fig. 4 a, b). The processing time was
15 s. The process was continuous. The quantity of energy expended for
dehydration and dispersion of graphite was 320 MJ / t.

Fig. 4, b. Graphite processed in thermal-vacuum installation

3.4. Dehydration and dispersion of sawdust

An energy-saving, highly effective thermal-vacuum technique of continuous dehydration of
wood-working industry wastes was developed. Dehydration of wet sawdust depending on
the temperature of the heating element was studied. The quantity of thermal energy
expended for dehydration did not exceed 360 MJ / t. Dried pine-tree sawdust and its
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moisture content depending on the temperature of the heating element in the thermal-
vacuum installation is presented in
Fig. 5 (b, d, g). The sawdust initial humidity is 70%. (Fig. 5, a).

= T

ig. 5, a. Initial sawdust Humidity 70%
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_Fig. 5, d. Heater temperature 2000C, Humidity 5% )

x i 2 - 1= =

Fig. 5, g. Heater temperature 2500C, Humidity 1%

Sawdust dehydration in the thermal-vacuum installation lasts for 20 s, the process is
continuous.

3.5. Dehydration and dispersion of agricultural products

Dehydration of sugar production waste was carried out in the thermal-vacuum installation.
The initial humidity was 65%. Fig. 6, a. The temperature of the dried beet pulp did not
exceed 50°C. Humidity - 5%. Fig. 6, b. Dehydration time was 20 c. The process was
continuous. Nutritive substances are kept. The quantity of thermal energy expended for
dehydration was equal to 720 MJ / t.
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Fig. 6, a. Initial pulp

Fig. 6, a. Dried pulp

Thermal-vacuum drying of alfalfa with humidity of 48% is presented in Fig. 7, a. After
drying the alfalfa moisture was 12%. See Fig. 7, b. Drying time was 20s. Nutritive
substances were kept. Heat energy consumption was 580 MJ / t

=

Fig. 7. b. Dried alfalfa

The results of study on moisture removal from dispersed materials depending on mode
parameters of the thermal-vacuum installation made it possible to create an industrial
science and technology base for developing energy-efficient thermal-vacuum installations,
to define requirements for optimizing the technological processes of dispersed materials
dehydration taking into account their physicochemical and structural compositions, to
reduce energy cost per unit of the dried product, to speed up the dehydration process, to
develop a highly efficient termal-vacuum technology of production of fine-dispersed
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materials of high purity, to keep quality and ecological purity of the products obtained. This
method allows simultaneously to remove moisture from the dispersed material and to
disperse it.

The development results are of current interest for updating the existing and creation of
new thermal-vacuum drying installations.

4, Conclusions

1. Scientific and technical studies on the intensification of removal moisture from dispersed
materials: zirconium hydroxide, brown coal, graphite, sawdust, biological materials are
researched. The regularities of heat exchange processes between heating element and wet
dispersed material in the hollow spiral-heating element of the thermo-vacuum apparatus are
established. Demonstrated that in thermo-vacuum apparatus by 15 seconds it possible to
obtain dried nano-dispersed materials.

2. A low-temperature thermo-vacuum dehydration technology of biological materials was
developed. Conducted studies demonstrated that most optimal, from the point of view of
preserving biological material quality, is dehydration mode at temperatures up to 50 °C.

3. Conducted scientific and technical studies are relevant to improve existing equipment
and creation of new heat-technological equipment.
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