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Industrial samples of fine filters of gas and liquid media from mechanical microparticles have been developed. Porous permeable cer
mets obtained by selfpropagating hightemperature synthesis are the basis of filters.

On the basis of selfpropagating hightemperature
synthesis (SHS) the technology of obtaining porous
permeable materials which may be used for fine purifi
cation of liquids and gases was proposed [1–3]. Scale of
alloyed steel, metal powders and ferrosilicon were used
as original components of batch [4].
The principle stages of the process of obtaining po
rous materials is the diagram, Fig. 1, including grinding
original materials, powder screening, batch preparing,
component matching and gauging , synthesizing and
product improvement.
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Fig. 1.

Diagram of technology of obtaining porous permeable
product by SHS method

Technological experiments showed that the highest
efficiency of grinding is achieved at its carrying out in
two stages; at the first stage the foregrinding occurs, at
the second stage fine grinding with obtaining rather nar
row required fraction (through the sieve) occurs.
Investigation of scale powders obtained by processing
original material at the grinder КID100, showed that the
primary type of material decomposition is intercrystalline
fracture; particles of the obtained powder of various frac
tions have similar morphology repeating morphology of
crystal grains of ferrite of original material.
On the basis of the extracted fractions of steel scale
powder the reaction mixtures of constant concentration
composition were prepared; samples of porous material
were later prepared from them.
Filters for purification of gas media

The determining properties of material for gas puri
fication are average pore size (Fig. 2) and mechanical
strength at compression and bending (Fig. 3). This im
plies that at increase of steel scale concentration from
45 to 60 % by mass the mechanical strength decreases.
Filtration of exhaust gases in porous materials may
be divided into several stages. Firstly, solid particles
which should be separated from the flow of exhaust gas
es are supplied to the surface of filter, then they abut to
filter surface and at the next stage penetrate filter surfa
ce and are trapped in pores. The larger particle size the
high the probability of its trapping in porous wall. The
absorption factor of solid particles by porous SHSfilter
owing to engagement may be presented as:
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terial allows purifying gases from solid particles practi
cally for 75 % in total power mode. However, by condit
ions of consistency of performance and mechanical
strength the variant with wall thickness equal 12 mm
turned out to be more preferred.

Composition of batch
components, wt.%
Block
Fe2O3 CrO2 Cr Ni

Fig. 2.

Fig. 3.

Histogram of pore size distribution in material samples
on the basis of different fractions of steel scale powder:
1) <50 mm; 2) 500...100; 3) 100...160; 4) 160...200;
5) 200...250 mkm

Dependence of mechanical strength of SHSmaterials on
concentration of scale (Сок) of steel in batch

Theoretical velocities of solid particle moving may be
calculated on the basis of the above given dependences
for conditionally accepted spherical particles and when
testing filters for gas purification it is sensible to determi
ne deposition rates of particles of different origin.
Service properties of SHSfilters were studied. Ac
cording to the aim and tasks of investigations the main
directions are singled out:
1. Studying structure and characteristics of solid par
ticles.
2. Studying structure and physicalmechanical proper
ties of SHSfilters.
3. Estimating efficiency of applying SHSblocks for
filtration exhaust gas solid particles.
Constructing filters for gas purification from solid
particles it was necessary, on the one hand, to select
block dimensions, their porosity and wall thickness and,
on the other hand – to keep the acceptable exhaust back
pressures and at the same time support filtration effici
ency. To estimate the influence of porosity, wall thic
kness and amount of filters on quality of exhaust gas pu
rification and exhaust back pressures the special tests
were carried out at stand with diesel 4ЧН13/14.
Tests were carried out with blocks having wall thic
kness 10, 12, 14 mm made by SHStechnology of the
material having the same average diameter of pores equ
al to 180 mkm. Wall thickness of 10 mm from such ma
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1
2
3
4
5

Al

45 17,5 5 5 27,5
47,5 18 5 5 24,5
47,5 18 7 5 22,5
47,5 18 7 12,5 15,0
50 18 7 12,5 12,5

300
260
180
150
120

16
10
8
6
5

Mechanical strength
at compression, MPa

Composition and characteristic of porous SHSblocks
for filtration of solid particles of diesel exhaust gases
Maximum deviation
of size from the ave
rage one, %

Table 1.

Average size of po
res, mkm
Maximum deviation
of density of distri
bution, %

where δст is the thickness of multilayer filter wall; δсл is
the layer thickness;
τст is the time of gas traveling through
–
filter wall V is the average rate of exhaust gases at filtra
tion; rтч is the radius of angular spherical solid particle.

20
16
12
10
7,5

8,4
8,6
9,7
12,2
12,2

Quality of exhaust gas purification from solid partic
les at increase of wall thickness of filter medium grows
by 3 % per 1 mm of thickness.
Quality of threestage purification is the highest and
reaches 91 % in the mode when diameter of solid par
ticles is significant and at onestage purification quality
reaches only 75 %.
Thus, the experimental material was obtained. It gi
ves an idea of the ways of improving filters of exhaust gas
purification on the basis of porous SHSmaterials.
Experimental data show cogently the efficiency of
applying porous SHScermet as filter elements in com
parison with known filters.
Filters for liquid purification

The investigated effective voltages in cylindrical fil
ters on their sizes and external, excess pressures showed
the applicability of the developed filters of liquid media
in conditions of industrial use.
The model of hydromechanical process of filtration
of polydisperse suspension subject to pore clogging at
moving of dispersed phase particle through porous layer
was considered as the working model of liquid fine fil
tration. The filtration process is continuous. Let us as
sume that liquid motion in pores of filter bed obeys to
the law of GagenPouaseile. At the model input the
mass of contaminated liquid and at the output the mass
of dispersed phase being in filtrate by the time was ta
ken. Measurement of filter hydraulic resistance deter
mined by the Darcy equation solved relative to filtration
factor was used for filtration engineering control.
In order to make filter elements the accessory was
used (Fig. 4 and 5). To determine liquid permeability
index the experimental facility was used (Fig. 6).
Filtering fineness and completeness were determi
ned for samples with different porosity made of powders
with different particle diameter. The results of measure
ment are given in the Table 2 and in Fig. 7, 8.
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Dependence of fineness and completeness of liquid
filtering on properties of original powders

Particle average Material poro Pore diame Filtering fineness,
size, mm
sity, %
ter, mkm
mkm
0,050…0,100
29,0
24
7…9
0,100…0,160
31,0
32
15…18
0,160…0,200
34,5
54
20…25
0,200…0,250
36,6
75
35…45
0,250…0,315
38,4
128
50…65
0,315…0,500
40,1
160
75…85
0,500…0,800
44,0
220
100…110

45
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɮɢɥɶɬɪɚ, ɤɉɚ

Table 2.
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Fig. 7.

Dependence of hydraulic resistance of filter on filtration
rate at filter fouling factor by 30 %. Filter wall thickness:
Δ – 10 mm; – 7 mm; ◊ – 5 mm
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Fig. 4.

Conical configuration of mold: а) mold assembly; б) fil
ter element; 1) termite; 2) powder batch; 3) internal in
sert; 4) metal form; 5) filling of internal cavity; 6) bottom
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Fig. 8.

Dependence of filter resistance on filtration rate at filter
fouling factor by 50 %. Filter wall thickness: Δ – 10 mm;
– 7 mm; ◊ – 5 mm

Industrial samples of filters are given in Fig. 9, 10.

Fig. 5.

Cylindrical configuration of mold: а) mold assembly; б) fil
ter element; 1) termite; 2) powder batch; 3) internal insert;
4) metal form; 5) filling of internal cavity; 6) bottom

Fig. 9.

Filter element of diesel oil filter

Conclusion

Fig. 6.

Diagram of experimental setup for defining permeabili
ty index: 1–3) transmission channel tubes; 4) measuring
cell with filter medium; 5) monometers with sensors

1. The developed cermet filters on the basis of SHS
materials for exhaust gas purification of internal
combustion engines support efficiency of purifica
tion from solid particles for 75, 80 and 90 % at one,
two and three stage purification respectively that al
lows fulfilling the requirements of the standard
EVRO3 for diesel.
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Fig. 10. Readyassembled oil filter (on the left) and filter element
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Sorption properties of bentonite clays of East Kazakhstan have been studied by the example of model solutions containing ions of cop
per (Cu2+). The mechanism of exchange and degree of ion extraction from solutions were established.

It is known that the efficient sorbent for heavy metal
ions is synthetical resin ions (cations) possessing high
exchange capacity of sorption. However, there is no in
dustrial production of ionites in Republic of Kazakhstan
and their import from foreign countries is nonvalue
added. Natural materials possessing considerably lower
exchange capacity in comparison with cations but
rather cheaper than ionites may be the alternative. It is
in East Kazakhstan where there are rich deposits of ben
tonitic clays (Taganskoe deposit) which are useful for
extracting ions of heavy metals and production of which
does not require great material costs as their accessibili
ty and comparatively low price (local material) are not
the least of the factors.
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Bentonitic clays consist of minerals of montmorillo
nite group divided into alkaline and alkalineearth dif
ferences. Minerals of montmorillonite group form ben
tonitic formations characterized by presence of mont
morillonite minerals and minerals close to them by cry
stal structure such as beidellite; high dispersity of mine
ral particles, exchange complex and high colloidal pro
perties are typical for them. Bentonites were formed as
a result of volcanic ash decomposition at change of mi
cas, chlorites and rockforming minerals in the process
occurring in hydrothermal conditions. Depending on
composition of exchange complex there are alkaline
(sodium and calciumsodium) and alkalineearth (cal
cium, magnesiumcalcium, calciummagnesium) ben

