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Abstract. The effective fields of application of products made of porous filter materials based on titanium powders as gas flow dispersers at
enterprises of the agro-industrial complex are given. The results of their use in the dispersion of ozone-containing air mixtures, air and
vapor for the purpose of disinfecting the fish habitat in equipment of a closed water supply, saturating the culture fluid with oxygen in the
growth of microorganisms in bioreactors and heating the heat carrier to ensure sterilization of liquid media in dairy plants, respectively, are

described.
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1. Introduction

Powder metallurgy methods made it possible to create a new
type of permeable materials — porous materials based on metal
powders. Compared with other permeable materials (felt, paper,
fabrics, polymers, ceramics), porous powder materials (PPM) have
a number of advantages: they have a good combination of
throughput and cleaning fineness; they have a high strength; they
are resistant to thermal shocks; they yield to welding, soldering and
machining; they are able to repeatedly regenerate by various
methods. Choice of the appropriate material provides the necessary
corrosion resistance, heat resistance and heat conductivity.
Depending on the characteristics of the initial powder and
manufacturing technology, porous materials produced on the base
of powders of bronze, copper, stainless steel, nickel, titanium,
tungsten, niobium, and tantalum have a wide range of properties:
porosity from 0.2 to 0.8 and pore sizes from ten to 1000 pm. In the
classification by application, one of the most common groups of
PPM are flow distributors, which are used in the pneumatic
transport of granular media, aeration of liquids for their mixing or
saturation with gases, as elements of porous cooling or heating, and
other purposes.

The purpose of the work is sharing experience on the effective use
of porous powder materials (PPM) as distributors of gas flows at
enterprises of the agroindustrial complex.

2. Results and discussion

Based on the background of experience, there are three the most
promising fields of application: aeration of the air flow in order to
saturate the culture fluid when growing aerobic microorganisms in
bioreactors, dispergation of the flow of ozone-containing air
mixture to decontaminate the fish habitat (including fish juveniles)
in recirculating aquaculture system (RAS) and uniform distribution
of vapor flow by volume of heat carrier (water) to control the
temperature in working tanks during heat treatment of milk, milk
mixtures and process media used in milk processing.

An essential condition for the cultivation of aerobic
microorganisms is the aeration of the fermentation medium, i.e. the
process of its saturation with oxygen in the air. Microorganisms
growing aerobically, depend on the content of only dissolved
oxygen in the fermentation medium. The most common method
that provides effective dissolution of oxygen in a liquid medium is
the method of blowing atmospheric air through a fermentation
solution. Under other equal conditions, the intensity of the oxygen
dissolution is determined by the properties of the aerator, which
directly distributes the air flow in the culture fluid. The most
preferred, in comparison with others, are powder aerators [1-3].

Below are the results of laboratory studies and approbation
under production conditions of the use of titanium powder-based
aerators in the cultivation of the yeast microorganisms

Debaryomyces hansenii var hansenii (D.f.v.); culture medium was
prepared on the base of whey. It was established that a porous
powder aerator based on titanium powder has a saturation rate 1.6
times higher than the standard (perforated) one. Comparison in the
process of cultivation of D.f.v. yeast microorganisms during air
dispergation through standard and powder dispersers on a laboratory
fermenter (Fig. 1) also showed an advantage of the latter: an
increase in biomass was about 25% with the same air-flow rate
(2 I/min per 1 liter of culture fluid) [1, 4-6] .

Studies under production conditions were performed at
“Bobruisk plant of biotechnologis” (Belarus) in a pure culture
propagator (a production fermenter for the preparation of D.f.v. seed
material intended for whey processing in a working device in order
to obtain a protein feed additive). The drawing of the device for
saturation of the culture liquid with oxygen in the air is shown in
Fig. 2; the mounted device is shown in Fig. 3. Tests have shown that
the device for saturation of the culture medium provided the
completion of the cultivation process after 12 hours, against
14 hours while working with the standard (perforated) disperser [7].

One of the main tasks of recirculating aquaculture system (RAS)
is to maintain optimal water quality, both the primary water
preparation and its regeneration in the recirculating process is
played by the decontamination operation. Ozonizing is one of the
most common methods of purification. 0.5-4 mg/l is enough for
water purification (the more turbid the water, the more ozone should
be consumed) [8, 9].

Fig. 1. The process of air dispergation through an experimental
sample
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Fig. 2. The design of the device for saturation of the culture
medium with oxygen in the air: 1, 2 — aerator;
3 —collector, 4, 5, 6 — fastening elements

Fig.3. Device for saturation of the culture medium with oxygen
in the air

Powder titanium dispersers made of PPM were installed instead
of ceramic ones in recirculating aquaculture system (RAS) (Figure
4, a, b), and showed good results in the work process.

After two years of operation, the indicators of dispersers did not
change in RAS, while similar ceramic products became unfit for
use as a result of self-destruction after one and a half years of
operation (Figure 4, c).

Fig.4. Appearance (a) and operation process (b) of the disperser
based on porous titanium powder elements and appearance of the
ceramic disperser after 1.5 years of operation (c)

The design of the device for saturating water with oxygen from
0zone-containing air mixture with a titanium disperser, presented in
Figure 4, was successfully tested. Its purpose is to intensify the
process of catalytic deironing of drinking water. Removing iron
from water, without exaggeration, is one of the most necessary tasks
in water purification.

The device makes it possible to study the process of water
saturation with oxygen during the dispergation of ozone-containing
air mixture with a replaceable porous disperser in the form of a disk.
The appearance of the porous powder disperser made of titanium
powder is shown in Figure 5.

The device makes it possible to study the process of water
saturation with oxygen during the dispergation of ozone-containing
air mixture with a replaceable porous disperser in the form of a disk.
The appearance of the device for saturating water with an ozone-air
mixture is shown in Figure 5; a porous powder disperser made of
titanium powder is shown in Figure 6.

An example of the effective application of a disperser is the use
of PPM made of titanium powders for heating the heat carrier in
milk processing industries. Heat treatment is one of the basic and
necessary technological operations of milk processing. The
equipment developed by Moltekhstroymontazh company and
successfully operated uses closed devices with a heat exchange
jacket, in which the flow through the jacket of the heat carrier
(water) is heated by mixing it with vapor. This ensures the velocity
of the process and, accordingly, reduces the time of the full
technological cycle. At the same time, powder titanium disperser
provides a uniform distribution of the vapor flow throughout the
heat carrier volume, while simultaneously cleaning the vapor from
solid inclusions [9]. Figure 8 shows the tanks for the heat treatment
of process media and the heating unit of the heat carrier supplied to
the heat jacket of the device intended for pasteurizing milk mixtures.
Figure 9 shows the appearance of tubular dispersers installed in the
tank for the heat treatment of process media.
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Fig. 7. Appearance of porous powder disperser made of titanium
powder for water saturation with oxygen during dispergation of
o0zone-containing air mixture for water deironing

Fig. 5. Device for studying the water saturation with oxygen:
1 - housing; 2 — support; 3 —base; 4 — base plate; 5 — laying;
6 — upper flange; 7 — bottom flange; 8 — pin; 9 — top long
fitting; 10 — top short fitting; 11 — lower fitting;
12,13,15 — fastening elements; 14 — manometer

b)
Fig. 8. Tanks for the heat treatment of process media (a) and
the heating unit of the heat carrier supplied to the heat jacket of the
device intended for pasteurizing milk mixtures (b)

Fig. 9. Appearance of tubular dispersers installed in the tanks
. . . - . for heat treatment of process media
Fig. 6. Device for preparing ozone-containing mixture

The heating unit with a powder disperser with relatively small
dimensions and a simple design provides for heating the tank with a
working load of a liquid medium with a mass of one ton to 95 °C for

45 minutes; vapor is supplied under pressure of 0.4-0.5 MPa at a
temperature of 140-160 °C.
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3. Conclusion

The paper presents possible options for the effective use of
porous powder materials as distributors of gas flows at the
enterprises of the agro-industrial complex. The results of their use
in the dispergation of ozone-containing air mixtures, air and vapor
for the purpose of decontamination of the fish habitat in
recirculating aquaculture systems, as well as saturation of the
culture fluid with oxygen in the growth of microorganisms in
bioreactors and heating the heat carrier to ensure sterilization of
liquid media in dairy plants, respectively, are described.
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