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ABSTRACT

With "easy" ores becoming diminished, extractive industries are now shifting towards difficult
deposits. In the future, gold-arsenic-bearing refractory ores will represent a prime example of the
type of ores that may become more typical sourse for global gold recovery operations. Mining and
beneficiation of As-bearing ores inevitably produce As-bearing wastes, which exacerbate any
natural As mobilization. The mobility of As is governed by the interplay of redox reactions,
adsorption/desorption, ion exchange, precipitation/dissolution, and biotransformation. The
dominant processes depend on local biogeochemical conditions of the media, such as pH, Eh,
chemical composition, as well as the presence and intensity of biological activity. This article
provides an overview of current research on arsenic contamination of the environment caused by
mineralization, mining and extraction of gold on the example of specific gold deposits.
Keywords: refractory gold-bearing ores, arsenopyrite, gold recovery, arsenic, mobility.
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Introduction

Historically, gold is a symbol of prosperity.
Nowadays, gold is one of the major economic assets
of nation states, and a significant means of
international payment. About 60% of all the mined
gold worldwide is in the hold of governments and
central banks, therefore gold mining is one of the
strategic motors of the economy [1].

The common causes for refractoriness in ores
are physical or chemical binding of the gold and the
presence of reactive gangue minerals. Over the past
century, many methods have been developed to
increase gold recovery rates and itensify gold
leaching [2-4].

However, the main concern in mining and
processing of the refractory As-bearing gold ores is
As. The concentration of As in gold ores can vary
from trace levels to more than 5000 mg/kg. Such
gold is not extractable without significant ecological
contamination from the associate arsenopyrite
mineralisation. Arsenic poses economical risks by
complicating the gold recovery process and affecting
gold production costs, as well as creating ecological

risks associated with emission and disposal of As-
containing wastes.

A number of papers have been published that
attempt to elucidate sources or triggers of As in
natural environments and industrially-contaminated
areas, mechanisms of its attenuation, and controls.
Here, we present an overview of current research
and observations on arsenic contamination caused
by gold mineralisation, mining, and extraction. We
will do so by reviewing the case studies of particular
mines.

Mokrsko-West gold deposit

The Mokrsko-West gold deposit (MWD) in the
Czech Republic, containing an estimated 100 t of
gold reserve [5], is a unique example of As
contamination caused by a gold deposit which is
unaffected by mining. The main constituents of the
MWD ore are quartz, calcite, and silicate minerals.
The main As-containing mineral is gold-bearing
arsenopyrite, which is responsible for 95% of the As
load into local soil. The remaining As input comes
from loellingite, stibnite, and pyrite. Soils are
generally pH neutral, but slightly lower pH in the
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surface layers, due to presence of organic acids. The
average precipitation in the region is 555 mm/year,
with mean temperatures in July of 17°C, and -3 °Cin
January. Weathering of primary minerals generates
secondary  As-bearing  minerals, such as
arseniosiderite, ferrihydrite, goethite, hematite,
pharmacosiderite, and scorodite. The
concentrations of As in the soils have reached
>200mg/kg nearby (at a distance of 1.12 km). As is
found as arsenates and Fe oxyhydroxides (goethite
and hematite) in soils, whereas in sediments As is
associated mainly with Fe oxyhydroxides. The As
content in the groundwater varies from 255 - 1690
pg/L, and around 50 - 340 pg/L in surface water.
Waters are neutral to slightly alkaline, of Ca-HCO35"
type. High As concentrations were detected in in the
redox transition zone of groundwaters, as a result of
the reductive dissolution of scorodite,
arseniosiderite, pharmacosiderite, and As-rich iron
oxyhydroxides. Reducing conditions can occur due
to groundwater elevation or/and intense microbial
activity. In surface water, the highest As®*/As>* ratio
(>16) was detected in muddy areas rich in organic
matter. A positive correlation between As**/As®>* and
DOC, recorded in all water samples, points to the
important role of microbial processes in controlling
the speciation and mobility of arsenic at the MWD.

Arsenic transformations occurring at the MWD
site start from arsenopyrite oxidation in the
environmentally-relevant pH range of 4-9, and the
release of As** and Fe?*:

FeAsS + 7H,0 - Fe?*(aq) + H3AsOs(aq) + 11H* +
+1le+S04>

If dissolved As3* is transported to a more reducing
environment, such as sediments or shallow
subsurface soils with elevated groundwater levels
and high microbial activity, the main mechanism of
As immobilisation is bonding to newly formed Fe and
As sulfides by adsorption and co-precipitation.
However, the most probable sequestering mineral is
Fe sulfide, as the concentration of dissolved As®*
does not exceed the solubility of realgar and
orpiment in the reducing sediments of MWD. This
hypothesis is supported by the fact that, firstly, As
sulfides can be formed at low pH, in reducing
conditions, and at low Fe%* concentrations.
Secondly, thermodynamic calculations show that
during the slow decrease of redox potential, Fe
sulfides (pyrite and mackinawite) tend to
oversaturate earlier than As* sulfides. Hence, the
main control on As transport in reducing
environments is the solubility of Fe sulfides.

In contrast, under oxidising conditions As®*
oxidises to As>*, and Fe?* to Fe*. Below pH 3 in the
oxidising zone of saprolite, high concentrations of
As®>* may result in the formation of scorodite:

H3AsOs + H,0 > HAsO4> + 4H* + 2e”

H3AsOs3 + H,0 = HyAsO4 + 3H* + 2e”

Fe?* + 3H,0 > Fe(OH)3(aq) + 3H* + e
H,AsO4 + Fe3* + 2H,0 > FeAsO4-2H,0(s) + 2H*

Dissolution of carbonate minerals releases Ca*
and Ba®* into solution, thus neutralising acidity. At
circumneutral pH, arseniosiderite and Ba-
pharmacosiderite can be formed from such alkaline
earth cations.

3H,AsO4 + 2Ca®* + 3Fe(OH)s(aq) >
- CazFeg(ASO4)302'3H20 + 4H,0 + H*

3H,As04 + (1-n)Ba%* + nCa®" + 4Fe(OH)s(aq) >
- (Ba(1.n),Can)Fe4(AsO4)3(OH)5-5HzO + H,0 + OH"

Incongruent dissolution of Ba-pharmacosiderite
can result in arseniosiderite:

(Bay1-n),Can)Fes(AsO4)3(0OH)s-5H,0 + (2-n)Ca?* >
- CaFes(As04)30,:3H,0 + Fe(OH)s(aq) + (1-n)Ba* +
+ 2H,0 + 2H*

Hence, in oxidising environments, As mobility is
controlled by the solubility of arsenate minerals, as
well as the degree of As adsorption onto Fe
oxyhydroxides. The latter is the most important sink
of As at the MWD, in some cases containing up to
16% As.

In the transition zone (the upper boundary of
which lies just below groundwater level), the rate of
sulfate reduction into sulfide is low, and the
concentration of dissolved As is insufficient to
induce As sulfide precipitation. Under these redox
conditions, arsenates are relatively insoluble,
however, in the presence of reductants, the
concentration of arsenates may be substantially
greater. It has been found, by sequential extraction,
that As is mostly bound to a reducible fraction,
confirming that the high As content is a result of
reductive dissolution of arsenates and Fe
oxyhydroxides.

Iron Quadrangle
Another example is The Iron Quadrangle (1Q) in

Brazil. This is associated with a large As geochemical
anomaly arising from gold mineralization and
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amplified by gold mining operations [6]. Overall, 390
000 t of As has been discharged into the drainage
system of the 1Q region. The regional climate is
temperate and tropical, sub-humid, with dry winters
(April - October), in spite of a mean annual
precipitation of 1500-1900 mm. Rain falls from
November to January. High average temperatures
and high precipitation induce intense weathering of
sulfides, and this might be expected to result in
AMD. However, the presence of carbonates in the
ore neutralizes the waters, produced from sulfide
mineral oxidation and dissolution, yielding pH > 7.5.
The Eh of water is in the range of 128-220 mV.

High As in the groundwater of the IQ resulted
from leaching of arsenopyrite oxidation products by
fluctuations in the water table. Water running from
a mineralised vein from the Passagem mine
contained 2980 pg/L As, for example [6]. The As
content in water from an adit reached 800 pg/L. This
water flows to the Carmo river, where the
concentration of As in sediment samples close to the
Passagem mine is found to be 4700 mg/kg. The
concentration of As in water is found to be lower in
winter. This is explained by less pronounced dilution
in winter, and subsequent low water flow, allowing
deposition of As-containing fine-grained material.
Common minerals identified in the sediments are
quartz, goethite, hematite, kaolinite, and illite.
Sequential extraction demonstrates that the As is
mostly bound to the iron oxyhydroxide fraction
(goethite, hematite). Up to 300 pg/L As is detected
in surface water samples.

The speciation of dissolved As shows the
presence of As** in water samples, contradicting the
results of speciation calculations obtained by the
PHREEQC geochemical code. This might be due to
the slow kinetics of redox reactions, meaning that
waters have not reached chemical equilibrium, or
that As®* has been sequestered by some solid
phases. Oxidation of the primary ore leads to the
formation of iron oxides and hydroxides as well as
As>* and As* oxyanions. As>* may be partially
consumed by precipitation of scorodite (together
with Fe3*) under oxidizing conditions and pH<4 [7],
and selective adsorption onto clay minerals and
goethite compared to As*. This may be an
explanation for the presence of As*, which
contradicts PHREEQC speciation calculations.
Precipitation of scorodite and goethite with up to 8%
As has been observed in Passagem and Ouro Preto
mines. At the Raposos gold deposit, As
concentrations reached more than 10000 mg/kg in
Fe-rich material. However, where the abundance of

carbonates promotes pH to rise above 4,
incongruent dissolution of scorodite occurs with the
formation of goethite, Fe-oxyhydroxide, and H,AsO4
oxyanions, as well as possible As desorption from
goethite and other Fe and Mn oxyhydoxides. TCLP-
like tests resulted in leaching of 1-4 wt. % As (2-196
mg/kg) from river sediments and sediment from
waste tailing. Other sources of As are ancient and
modern tailings, containing As in the form of
arsenolite, As-bearing Fe-oxihydroxides, and
amorphous iron arsenates. To summarize, two
mechanisms of arsenic control have been identified
in the 1Q gold mining region: precipitation of
scorodite and goethite, and adsorption of arsenic
onto iron oxides and hydroxides.

Salanfe gold mine

The former As-bearing Salanfe gold mine,
situated in Western Switzerland, is another example
of arsenic contamination accelerated by mining
operations [8]. 700 t of As has been discharged
during the mining operations at the Salanfe. Waters
above the mine area contained about 5 pg/L
background As. Despite the low gold production
(only 55 kg), it has left behind dumps with elevated
As content reaching up to 10 wt.%, and soils
containing from 50 mg/kg to several wt.% of As. In
the oxidising pH 8 waters percolating the mine and
dump (Ca-Mg-HCOs-SO4-type), As concentrations
varied in the range 60-4000 pg/L. This is explained
by the mobility of As in alkaline conditions, induced
by dissolution of carbonates. However, the
concentration of As gradually decreases with
distance from the mine adits and heap wastes,
reaching 100-160 pg/L in Lake Ottan located 200 m
below the mine, though the type of water remained
the same. Primary (arsenopyrite, loellingite, pyrite,
hematite) as well as secondary As-containing
minerals  (goethite and amorphous iron
oxyhydroxides) were found in fine-grained waste
materials. Soil samples contained As in iron
oxyhydroxide and Al-bearing fractions. The organic
fraction appears to play an insignificant role in the
retention of As, due to thin soil cover of less than 10
cm, and very rare reducing conditions. The climate
of the region is relatively dry, continental, with a
mean temperature of 3°C. The release of As resulted
from weathering of exposed mine waste, and
downhill creep of As-rich waters. Attenuation of As
was more pronounced in sediments and soils, than
in downstream water. This was attributed to the
desorption of As from Al- and Fe-oxyhydroxides,
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associated with the alkaline pH of waters resulting
from carbonate buffering. As attenuation in water
here results from dilution and circulation of surface
and ground waters.

Lucky Shot Gold Mine

A further example is provided by Lucky Shot Gold
Mine, one of thousands of abandoned sites of
historical mining in Alaska, which produced nearly 7
t of gold. The primary source of As is mine adits,
although tailing piles also make a contribution to the
As load [9]. Surface and mine waters are of Ca-HCO3"
-type, circumneutral to mildly alkaline due to
carbonate buffering, and well oxygenated. The
water from the adits contains 700 pg/L dissolved As
(differing <2% between filtered and unfiltered
samples), almost entirely in trivalent form. The
deviation from thermodynamic prediction has been
attributed to the short residence time of As in the
water, so As* does not completely transform to
As>*. Downstream, rapid dilution lowers the As
concentration (below 2 pg/L) as well as the As®*
proportion due to progressive oxidation.

The environmental impacts of both Lucky Shot
and Salanfe Gold Mines are not significant, since the
contaminated areas are limited in each case. It has
been concluded that these mines do not pose a
threat to local community health, although future
mining may have impacts on the environment at the
Lucky Shot Gold Mine.

East Otago Gold Mines

Moving to New Zealand, the primary source of As
at the East Otago Gold Mines is arsenopyrite [10].
The annual precipitation in the area is 400-800 mm
with a similar amount of evaporation. Abandoned
mines show accelerated weathering of arsenopyrite,
forming scorodite and pharmacosiderite in the
oxidised zones. Waters from old mines have a pH
around 6-7 with up to 4 ppm As, whilst the
background concentration of As is 0.01 ppm. The
concentration of As in pH 5 slurry of degraded old
tailings reaches 33,000 ppm, mainly in the form of
scorodite. The content of dissolved As is determined
to be 0.75 ppm. This suggests that, in the old tailings,
As release is controlled by scorodite precipitation.

At the active mining site, Macraes, pH 10 waters
contain over 200 ppm As, which is explained by the
low solubility of scorodite at this pH. The average As
content of soil samples is around 200 ppm, whereas
primary veins contain up to 10,000 ppm As.

Attenuation of As in soil is mainly mediated by
adsorption onto iron  oxyhydroxides and
phyllosilicate minerals, and local temporary
immobilisation by precipitation of scorodite. The As
concentration in water is controlled by downstream
dilution and by precipitation of scorodite in low pH
waters.

Reefton gold field deposits

Mining and processing of As-containing gold ores
in the Reefton gold field deposits (New Zealand) has
also led to high As concentrations across the mine
sites. Globe Progress Mine, Blackwater Mine, and
Snowy River Battery Site have been studied to
elucidate mechanisms of As dispersion and control
[11]. The Blackwater ore contained mostly
arsenopyrite with rare pyrite, whereas at Globe
Progress Mine pyrite predominated over
arsenopyrite. The principal source of As in
Blackwater Mine is the Prohibition Mill Site, where
roasting was employed to process the arsenopyrite-
rich ore. This generated large amounts of arsenolite,
crystals of which still can be found in the condenser
tower of the roaster as well as in the surrounding
area. Annual precipitation in the region is 2,300 mm,
and the mean temperature is 12 °C. Site run-off is
concentrated in a wetland, where As concentrations
as high as 52 mg/L are detected in a Ca-AsOs-type
water as a result of arsenolite solubilisation.
Oxidation of arsenites lowers the pH of wetland
water to 4-5. The wetland water then percolates to
a man-made dam with abundant exposed carbonate
rocks, neutralising acidity to circumneutral pH. This
dramatically decreases the As content to 2.4 mg/L.

Further downstream, attenuation of As in water,
emanating from the dam, is a result of pure dilution
by tributaries. 14 km from the Prohibition Mill site,
Blackwater River still contains 0.003 mg/L As.
Although it is well below the maximum contaminant
level of As (MCL is the maximum concentration of a
chemical that is allowed in public drinking water
systems), this means that survival of 99% of aqueous
species cannot be guaranteed according to ANZECC
(2000) guidelines [12].

The point sources of As at the Snowy River
Battery Site are a roaster system and a historic adit.
Circumneutral run-off from the mine site flows into
the Snowy River. Discharge from the adit inflows to
the Snowy River 150 m upstream of the site. In
contrast to the Prohibition Mill Site (with residues
containing up to 40 wt.% As), all arsenolite has
dissolved at the Snowy River Battery Site. The
concentration of As at the Snowy River Battery Site

— 8
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substrate is lower, 26 wt.%. Scorodite has been
suggested to control the As concentration, since
scorodite's solubility is two (at pH7) to five (at pH 4)
orders of magnitude lower than that of arsenolite.

The Globe Progress Mine was functional from
1870 up to 1920, and reopened for mining in 2007.
Arsenic is distributed to the environment through
oxidation of arsenopyrite and As-bearing pyrite (up
to 1 wt.% As). At the adit entrances, As is
sequestered as a 4 cm thick layer of hydrous ferric
oxides with up to 20 wt.% As, whilst the As content
in discharge from the adits reached 59 mg/L.
However, where discharge water joins a local creek
the As concentration gradually decreases due
mixing.

Arsenic chemistry in these mine sites has been
determined by roasting technology and gas handling
systems. Dissolution and oxidation of roaster-
derived arsenolite resulted in high localised As®*
concentrations in discharged waters. Three
mechanisms of As attenuation have been proposed
by Haffert and Craw [9]: 1) precipitation of scorodite,
2) chemisorption to hydrous ferric oxides, and 3)
downstream dilution with local catchment water.

In oxidising and acidic conditions, such as that at
Prohibition site, scorodite precipitation occurrs.
Owing to substantial carbonate alteration at the
Snowy River Site, dolomite and ankerite dissolve,
thus increasing pH to circumneutral values
according to the reactions:

CaMg(CO0s); + 2H* = Ca?* + Mg?* + 2HCO5’
FeMg(C03)2 + 1/4 0+ 5/2H20 = FE(OH)g + |\/|g2+ +
+ 2HCO5"

In the non-pyritic ore of Blackwater, Fe from
ankerite dissolution precipitates as hydrous ferric
oxide (HFO), due to low solubility of Fe at
circumneutral pH. When the amount of HFO is
insufficient for As sequestration, As may persist at
high concentrations, exceeding MCL, for up to 10 km
downstream, until diluted by regional tributaries.
The effectiveness of dilution depends on catchment
morphology. In pyrite-rich mine sites, HFO is mainly
generated by oxidation of pyrite:

FeS, + 15/40; + 7/2H,0 + 4HCO;s = Fe(OH)s + 2504*
+ 4H2CO3

Naturally formed HFO has high reactivity and
surface area, and so immobilises dissolved As
through  chemisorption (adsorption, surface
complexation, co-precipitation, and ion exchange).
It has been concluded that there is no need for
anthropogenic rehabilitation, and that the

aforementioned natural mechanisms of As
attenuation are sufficient to improve the quality of
downstream water [11].

Giant Mine

Perhaps the most severe example of the adverse
environmental impact of refractory gold mining and
processing is the legacy of As contamination at Giant
Mine in Canada, with a remediation cost of about 1
billion Canadian dollars [13]. Though full
implementation of the remediation plan (designed
for perpetuity) at Giant Mine will reduce As
discharge to the environment from 900 to 610
kg/year, it will not be able to completely eliminate
the As load.

After 50 years of prosperous gold mining by
private companies the Giant Mine is now
abandoned, and environmental liability belongs to
the federal government and taxpayers. In the gold
ore, arsenopyrite and pyrite accounted for 95% of
the sulfides. The processing technology comprised
ore roasting and cyanidation. During roasting, most
of the arsenopyrite oxidised to As,Os;, maghemite
(predominantly y- Fe,03[14]) and hematite.

The point sources of As at Giant Mine are roaster-
derived As,0s, which was aerially distributed and
deposited in surface soil pockets across the mine
site, As;03 baghouse dust stored in underground
chambers, and several mine tailings. Untill the
proper implementation of emission control in 1963,
some 20,000 t of As,03 (which is nearly 86% of all the
As,O; produced during the entire roasting
operations) had been discharged into the air.
Despite high solubility, particles of As,03 have been
found, unaffected, in soil downwind of the roaster.
Scorodite rims have been observed on some As,0s;
particles, which may have formed after the contact
with acidic Fe-bearing solutions.

The total As concentration in soil samples
reaches up to 5,760 mg/kg. By comparing Au, As,
and Sb proportions in the soil and in the condensed
historic dust, it has been suggested that most of the
soil As was likely deposited before the emission
control [15]. 237,000 t of As,03; baghouse dust is still
kept in underground chambers. Neutral seepage,
collected from drill holes and fractures near the
underground chambers, contains as much as 4,000
mg/L As, mostly in the trivalent form (70%) [16].

The As content in tailings fluctuates in the range
of 1000-5000mg/kg. The high As concentration is a
result of circumneutral pH conditions, bufferred by
carbonate-rich mineralogy, and the processing
conditions. Due to the relatively low temperature of

— 9
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roasting (500°C), carbonates remain unaffected
and prevail in tailings over sulfides, precluding acid
drainage. Weathering of tailings induced oxidation
of unroasted remnant sulfide minerals, in the form
of Fe oxyhydroxide rims on pyrite and arsenopyrite
grains [14]. Aeolian and aqueous transport of tailings
still poses a risk to human health. In vitro
bioaccessibility tests of soil samples have shown that
40% of the As may be bioaccessible if ingested and
20% of the As would be bioaccessibile if inhaled.

Discussion

The environmental impacts of operational and
former gold mine sites is mainly associated with
voluminous waste rocks and mine tailings. Tailings
completely change landscape and topography,
affect the quality of surface and groundwater.

One solution would be industrial use of tailings as
bricks and tiles. However, despite their potential
technical feasibility, most studies on the possible use
of gold mill tailings have been proven to be futile or
economically unviable [17]. The mineralogy of
tailings is complex, depending on ore composition,
the method of generation (ore beneficiation or
metallurgical processing), climate, and maintenance
conditions. In semi arid climates, inappropriately
maintained tailings (uncovered, dried ponds) release
fine particles into the air due to evaporation and
wind erosion, thus posing risks of inhalation and
incidental ingestion to local community.

Since As toxicity varies with oxidation state and
chemical form, mine tailings certainly demand
accurate determination of As speciation. Typical
secondary minerals in mine wastes are in low
abundance, microcrystalline, or nearly amorphous,
often demanding identification at the micro- or even
nanoscale, potentially using novel synchrotron-
based techniques.

Studies demonstrate that at most mine sites,
HFO phases play a crucial role in sequestering As via
adsorption or co-precipitation [18]. Other mineral
phases are also capable of immobilizing As,
depending on the pH of media. At pH <2.5 As may
substitute for sulphate in the crystal structure of
jarosite KFes(SO4)2(OH)s [16], while at higher pH
ranges of 2.5-6, As can be adsorbed onto
schwertmannite FegOg(OH)sSO4 [19].

Scorodite is rarely found [20], probably due to
the low Fe content and neutral pH in some tailings.

Post-disposal variations in pH and Eh of mine tailings
can change As speciation, compromising As stability
and altering As partitioning between liquid and solid
phases. Sometimes it is necessary to maintain
certain Eh-pH conditions, which favour retention of
particular As-bearing species.

For instance, mine tailings at the Giant Mine,
mainly consisting of roaster-derived iron oxides,
demand the maintenance of oxidising conditions to
avoid reductive dissolution or desorption of As [16].
In sulfide-rich mill tailings, liming is often used as a
common measure to reduce the acid-generating
potential of wastes. However, liming may be
inappropriate if the risk of exposure to As via
inhalation of tailings' particles is high, as iron
arsenates are altered to calcium-iron arsenates,
which are highly bioaccessible in neutral pH fluids
[21].

Conclusion

In summary, several factors control As flux into
environment in refractory gold mining and
extraction. Factors such as climate, hydrographic
network, and ore mineralogy are beyond the control
of miners.

The key human factor, controlling the negative
impact of gold recovery from double refractory Au-
As-bearing ores, is a choice of the optimal (ideally
economically efficient and eco-friendly) method for
gold extraction, that takes into account both ore
mineralogy, and further safe disposal of As-bearing
wastes in compliance with local environmental
standards.

Tests of site-specific As speciation, combined
with bioaccessibility are crucial in making such an
important choice. Ultimately, this site-specific As
knowledge will enable prioritisation of historical
mine residues for better management and
remediation, to predict the risks associated with
exposure to As in future, thus to best understand
how to eliminate or diminish As bioaccessibility for
humans, and ultimately the environmental impact of
gold mining in general.

Conflicts of interest. The authors certify that they
have no affiliations with or involvement in any
organization or entity with any financial interest or non-
financial interest in the subject matter or materials
discussed in this manuscript.

Cite this article as: Seitkan A.S., Redfren S.A.T. Arsenic in refractory gold ore processing. Kompleksnoe Ispol’zovanie Mineral’nogo
Syr'a. = Complex Use of Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu. - 2021. Ne 2 (317), pp. 5-13.

https://doi.org/10.31643/2021/6445.12



https://doi.org/10.31643/2021/6445.12

KomnnekcHoe Vcnonb3osaHue MuHepansHoro Coipbsi. Ne2(317), 2021

ISSN-L 2616-6445, ISSN 2224-5243

KublH eHaeneTiH anTbiHAbI KEeHAepAi eHaeyae KopluaFaH OPTaHbIH,

MbilWWbAKNEH /1aCTaHybl

1-CeiiitkaH A. C., 2PeadepH C. 3.T.

1 AcmaHa xaneikapansiK YHusepcumemi, Hyp-Cyamax, Kazakcmar
2 HaHbsAH2 mexHo102UANMbIK yHUBepcumemi, CuHaanyp

* Aemop0dbiH an1eKmpoHAbIK nowmacsl: seitkanainur.77@mail.ru

Makana kengi: 02 Haypei3 2021
PeueHseHTTEH OTTI: 15 cayip 2021
Kabbinganapl: 22 cayip 2021

TYAIHAEME

Bait »kaHe XKeHin eHaeneTiH KeHAepAiH Kopbl a3alifaH caliblH, anTblH OHAIPY Canacbl Keaen KaHe
eHAeNyi KMbIH KeH OpblHAApblHA Kemn KeHin 6enyae. KeneweKkre anTblH-MbIWbAKTbI KWbIH
eHAeNeTiH KeHAEp KahaHAbIK anTblH OHAIPY canacbiH4A KONAAHbLINATBIH d4eTTeri KeH Typi
60naTbIHbl aHblK. KypambiHAa MbiwbAK 6ap anTblHAbl KeHAepai eHAipy »KaHe 6aiibiTy cesci3
MbILWbAKTbI KaNAbIKTapAbIH, Ty3inyiHe aKenesi, 6yn MbllbAKTbIH, TabUFU KO3FaNFbIWTbIFbIH OAAH
caiblH apTTbipagbl. MbIWbAK KO3FaNfbiWTbIFbl GipHelwe dakTopnapapiH, 63apa apeKeTTecyimeH
aHblKTanagpl, Onap: TOTbIFy-TOTbIKCbI3AaHY peakumanapbl, aacopbums/gecopbumsa, MOHAbIK
anmacy, TyHbara Tycy/epy aHe 6moTpaHchopmauma npouectepi. bacbimabikka e npouectep -
pH, Eh, XvMUANBIK Kypam, COHbIMEH KaTap 6uonorvAnbIK 6GenceHainiktiv, 60nybl MeH
KaPKbIHABI/IbIFbI  CUAKTbI KEPriNiKTi  6MOreoXMMUANbIK OpTa KafdaWnapblHa Tayengi. byn
MaKanaga HaKTbl anTbiHAb! KEH OPbIHAAPbIHBIH, MbICa/IbIHAA KMbIH OHAENETIH anTbiHAbl KeHaepai
OHJIPY KoHe KalTa eHaey 6apbiCbiHAA Ty3iNeTiH MbIWbAKTbIH, KOpLIafaH OpTaHbl /acTaybl
6oibIHWa Kasipri 3amaHfbl 3epTTey/epre WOy »Kacanabl.
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AHHOTAUMA

C ucroweHmem 3anacoe 6oratbix U nerkonepepabatbiBaemMbix pya, 3010T0406bIBaOWANA OTPACIb
Bce Bosiblie NepexoauT K paspaboTke MecTOpoXKaeHW 6efHbiX W ynopHbIX pya. B 6yaywem
30/10TO-MbILWbAKCOAEPKALLME YyMNOpHble pyabl ByayT npeactasnaTb coboi APKUI npumep
TUMUYHBIX  PYA, UCNOAb3yeMbiX ANA  UM3BAevyeHWa 3on0ta. [obblva u oboraweHue
MbILLIbAKCOAEPKALMX PY L HEU36EXKHO NPUBOAUT K 06Pa30BaHMIO MbILLbAKCOAEPKALLMX OTXOA08B,
KoTopble ycyry6aaioT NpoLecc ecTecTBEHHOM MOBMAM3aLMMN MbllbAKa. MOABUMKHOCTb MbllbAKA
onpeaenseTca B3aMMOAENCTBMEM HECKObKMX (DaKTOPOB: OKUCAIWUTENbHO-BOCCTAHOBMUTE/IbHbIX
peaKkuumin, npoueccamu agcopbumn/oecopbumn, MOHHOTO obMeHa, ocasKAeHWs/pacTBOpPeHUA U
6uoTpaHchopmaummn. JOMUHUPYIOLWME NPOLLECCH 3aBUCAT OT JIOKaNbHbIX BUOreOXMMUYECKUX
yCNnoBuiA cpeapl, Takux Kak pH, Eh, XMMMYeCKMit cocTas, a TaKKe HannyuMe U MHTEHCMBHOCTb
61010rMYECKO aKTUBHOCTU. B AaHHOM cTaTbe NpeacTasieH 0630p COBPEeMEHHbIX UCCNea0BaHMiA
1 HaboAeHWI NO 3arpA3HEHMIO0 MbILLbAKOM OKPYKatoLwei cpeabl, Bbi3BaHHOM MUHeEpanusaumen,
[06bl4eit U n3BeYEHMEM 30/10Ta HA NPUMEPE KOHKPETHBIX 30/10TOCOAEPHKALLUX MECTOPOKAEHNA.
Kntoyesble cn08a: ynopHble 30/10TOCOAEPIKALLME PYAbl, APCEHONUPUT, U3B/IEYEHME 30/10Ta,
MbILWbAK, MOBUBHOCTD.
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ANNOTATION

This article discusses a digital geological model, the transfer of borehole data to the geological
grid, and the modeling of the technology of alternating steam and water injection. Alternating
injection involves the cyclic injection of steam and water into an injection well in high-viscosity oil
fields. The essence of this technology is that during the steam injection for 2-4 months, the
formation warms up, leading to a decrease in viscosity and an increase in oil mobility. Then comes
the period of water injection, during which the production of already warmed oil continues and
the formation pressure is maintained. For digital geological modeling, the following data were
collected, processed and prepared: a list of wells that open the object of modeling, coordinates of
wellheads, well altitudinal data, inclinometry of well trajectories, GMS data on wells, analysis of
wells drilled with core sampling, and digitized seismic data (structural surfaces on the roof of
stratigraphic horizons, parameter maps, contact surfaces, faults, structural maps on the roof of
target horizons with faults, isochron maps, velocity maps).

Keywords: modeling, well, analysis, core sampling, hydrodynamic study.
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Introduction

Evaluation work on alternating injection steam
and water was carried out on the basis of geological
and hydrodynamic modeling, by creating a thermal
composite model of the selected site. A digital
geological model of a field is a representation of
productive formations and their host geological
environment in the form of a set of digital data in a
three-dimensional grid of cells.

The project of geological modeling of the sectors
of the development objects of interest was created
in the modeling program Petrel of Schlumberger,
then the collected, processed and prepared data
was loaded into it.

Experimental part

The geological model of the sector of the
western section includes three productive horizons
of the Lower Cretaceous deposits: A, B, and C. All
deposits are oil [1].

The simulation consists of the following
procedures:

1. Download all available data, including
interpreted GMS, seismic, and sampling data;

2. Correlation and construction of a structural
framework taking into account discharge violations;

3. Distribution of lithology and FCP [2].

A fragment of the horizontal correlation
scheme is shown in Figure 1.
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Figure 1 - Fragment of the correlation scheme for wells No. 4033, 4035, 4021

Structural modeling

The fundamental stage of geological
modeling is the creation of a structural framework.
Sequentially, the modeling process using a structural
framework looks like this:

Construction of structural maps on the roof
of horizons using stratigraphic chops (markers) on
the roof of formations in wells.

Building a fault model. According to the
available interpretation data, a fault model is
constructed, in which each fault is represented by a
surface, and these surfaces are correctly connected
to each other in the intersection area.

The final stage of structural construction is the
conversion of the structural framework into a 3D
model consisting of cells of a given size, within which
lithology and petrophysical properties can be
distributed based on borehole data.

All structural maps were constructed using
the Convergent Interpolation method with a grid
size of 25m*25m, the rotation angle is -1080, which
corresponds to the direction of the seismic cube [3].

Creating a three-dimensional geological grid.
The main stage in modeling is the construction of a
three-dimensional grid (a framework that consists of
cells with a set of digital geological data).

A properly constructed three-dimensional
grid is the basis for building a correct geological
model.

The size of the grid cells in the plane during
geological modeling is 30x30 meters for all horizons.
The number of vertical cells was chosen in such a
way that the cell size was on average about 0.6
meters [2]. Such grid sizes are most optimal when
constructing geological models, since on the one
hand they are more comparable to the sampling
step of GMS curves, and on the other hand they
provide an acceptable number of cells in terms of
calculation time. Discontinuous faults were modeled
based on the results of 3D seismic interpretation. To
avoid cell curvature when modeling tectonic faults in
a 3D grid, the zig - zag type faults method was
chosen. The grid characteristics of the three-
dimensional geological model are presented in Table
1.
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Table 1 - Characteristics of the sector grid

Number of cells on the axis Cell size by axis

Horizon Dz Total number of
Nx Ny Nz Dx,m Dy,m average, cells by model

m

A; 42 55 25 30 30 0.6 57750

b 42 55 21 30 30 0.6 48510

B 42 55 22 30 30 0,6 50820

total 42 55 68 30 30 0.6 157080

Transfer of borehole data to the geological grid.
In the future, the results of the GMS interpretation
were transferred to the model cells located along
the well trajectory. The correctness of their transfer
was checked visually on the well section for each
well. To create the average values of the lithology,
the Coll curves were taken, for the PHIE porosity [2,
5].

Lithological modeling. To distribute the value of
a continuous cube of facies in the inter-well space,
we used the deterministic interpolation method
Indicator kriging available in Petrel. In the
constructed facies cube, the parameter values
ranged from 0 to 1, dividing the volume of the
simulated area into a collector and a non-collector.

Building a porosity cube. The porosity cubes
were calculated after converting the GMS porosity
to the grid cells for all wells within the permeable
layers and conducting Data analisys. Further, the
porosity was distributed using the stochastic
Gaussian algorithm SGS (Sequential Gaussian
Simulation).

g 524e+6

9 5245e+6

To monitor the quality control of the porosity
cube construction, histograms were used, which can
be used to compare the results of common,
averaged, and original GMS data [1, 2].

Construction of a sector hydrodynamic model
of the Western section. The hydrodynamic sector is
cut out of the geological model with the
preservation of all structural structures and
petrophysical properties. All vertical and horizontal
geological heterogeneities are preserved.

The creation of a hydrodynamic model was
carried out in the tNavigator software product of
Rock Flow Dynamics using a composite core (e300)
with the thermal option enabled, since steam-
thermal treatment of wells (STTW) was carried out
at this site and steam was pumped. Table 2 shows
the parameters of the western sector.

Properties of fluids. In the sector model, a two-
component PVT model was used, using the
dependence of oil viscosity on temperature (Table
3).
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Figure 2 - Sector model of the western section
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Table 2 - Sector parameters

Dimension 30x30x0.6
Number of wells 65
Start date of development 01.02.2001

Table 3 - Dependence of oil viscosity on temperature

Temperature, C Oil viscosity
10 700
20 500
30 400
50 150
80 50
100 20
120 12
180 5

200 2
250 1
300 1

temperature dependence
of oil viscosity

Figure 3. Dependence of oil viscosity on temperature

Table 4 - Results of determining RPP in the "oil-water" system on model Ne 1

P]e;;':;nit:?:eof Sc.lturation,- Phase permeability, um2*10-3 Relative pi.mse perm-eability,
Ne modes flow, % fractions of units. fractions of units.
oil w¢r1te oil water ol water oil water
1 0 100 0 1 0 3021,38
2 100 0 0,769 0,231 2818,45 0 1 0
3 75 25 0,694 0,306 2209,7 14,092 0,784 0,005
4 50 50 0,645 0,355 1739,01 31 0,617 0,011
5 25 75 0,592 0,408 1319,1 70,46 0,468 0,025
6 10 90 0,526 0,474 808,91 129,65 0,287 0,046
7 5 95 0,477 0,523 532,7 183,2 0,189 0,065
8 0 100 0,367 0,633 0 763,81 0 0,271
The boundary value of porosity for Cretaceous 10000 chalk 3 gz
and Jurassic sediments is determined by the rooe Kpr —206% ] 4= .:‘,;.«;;'if‘ff P
intersection of the boundary value of permeability o S et SaRtin
with the trend of the dependence of the ? '/; 20 il aie 1
permeability coefficient on the porosity coefficient, & e
respectively, equal to 20.6% and 18.2% (Fig. 4) [6- oo1 5

Relative phase permeabilities and capillary
pressures. Figure 5 shows the relative phase Figure 4 - Dependence of the coefficient of permeability

permeabilities used in the model. and porosity (chalk)
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turation with water

Figure 5 - Relativeiph;se permeability curves for the
western section

Permeability

When constructing the permeability cubes,
the dependences obtained during laboratory core
studies were used. But during the adaptation, the
permeability multipliers were used for individual
regions of wells, in which the operation was carried
out using the technology of non — limiting sand
removal to the bottom of the well (CHOPS-the
technology of cold production of heavy oil with sand
extraction). During the extraction of sand, long
channels with increased permeability (wormholes)
are formed, which grow from the well into the oil
reservoir at distances of 200 m or more.

Modeling of thermal properties. Cubes of
specific heat capacity and thermal conductivity were
used to model the thermal properties of the rock.
Since there are no initial data on these properties,
the parameters were selected by reproducing oil
production in the areas using steam injection.

In all sections, the values were used: specific
heat capacity (HEATCR) in sandstones of 1200
kJ/m3/K and in clays of 1600 kJ/m3/K; specific heat
conductivity (THCONR) in sandstones of 1800
kJ/m/day/C and in clays of 3000 kJ/m/day/C.

2000

Adaptation to the development history. Since
the purpose of building a hydrodynamic model is to
be able to plan development and predict the results
of drilling wells and GTE, the model should
adequately describe the development process. The
results of the hydrodynamic calculations generated
by the simulator should be close to the actual
development history. Due to the fact that this model
belongs to the category of the most complex —
thermal-compasional, there are inconsistencies in
the downhole adaptation. This is also due to the fact
that the model is a sector, which accordingly
requires the connection of side aquifers. The results
of the adaptation are shown in Figures 7-8.

number of blocks
g & &

g

°

50000 100000

Figure 6 - Histogram of the distribution of the
permeability cube in the model

Calculation of forecast indicators for options.
After preparing the model and carrying out the
adaptation, forecasts of the main technological
indicators of the development were made for
different schemes of alternating steam-water
injection, and different volumes of steam and water.
2 schemes of steam and water injection were
modeled, steam with parameters-240C and 40%
dryness, water-20C, injection period 3-3 and 1
scheme basic version: a total of 10 options (Table 5).
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Figure 7 - Results of adaptation by dynamic indicators




KomnnekcHoe VMcnonb3oBaHne MuHepanbHoro Coipbs. Ne2(317), 2021 ISSN-L 2616-6445, ISSN 2224-5243

3400

3200

3000

2800

2600

2a00

2200

2000

1800

1600

liquid volume

i e

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

2019

Figure 8 - Adaptation results for accumulated indicators

Table 5 - Forecast by options

Varian . Loading Steam injection Steam Number of Water injection
Loading System . L
ts period volume generators injection wells volume
1 Basic
2 Situational 11t/h 2 3 50% - 100%
3 Chessboard 11t/h 2 3 50%
4 Chessboard 11t/h 2 3 100%
5 Chessboard 22 t/h 2 3 50%
6 Chessboard 3/3 22t/h 2 3 100%
7 G shaped 11t/h 2 3 50%
8 G shaped 11t/h 2 3 100%
9 G shaped 22 t/h 2 3 50%
10 G shaped 22 t/h 2 3 100%
36 60 - il 3
34 32,6
32 —<>il <
30 31,9 g — .
28 p|
°26 b -_oil &
s\24 - 40 ;3
ézz =T E E:oil 2 (fact VNF)
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Figure 9 - Dynamics of project oil production and ORF

The results of the forecasts for 10 variants
were plotted on the graph (Fig. 9) for the
convenience of visual analysis

As can be seen from the dynamics of project
oil production and ORF, the highest accumulated
production is demonstrated by option 5.

Conclusions

The technology of alternating steam and
water injection is aimed at increasing the
displacement coefficient in poorly drained zones of
the reservoir saturated with high-viscosity oil. This
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technology was considered both as a replacement
for traditional water flooding, and as a replacement
for steam injection.

The interim results of the PILOT TESTS on the
use of this technology were mixed. In some areas, a
significant effect was obtained. For example, in the
western section of the first facility, significant
increases in production rates and additional oil
production were obtained. At the same time, in
some areas, a significant effect is not observed.

Thus, from the point of view of technological
efficiency, option 5 is preferred - a staggered system
of steam and water injection, the injection period is
3-3, the volume of steam and water injection is 22
t/h for 3 injection wells, the volume of water
injection is 50% of steam for 3 injection wells, since
it provides the highest ORF value (34.1% in 2034).
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TYWIHAEME

Byn mMmaKkanafa UuMOPAbIK TEoNOrMANbIK  MOAeNnbaey, YHFbIManap Typanbl ManimeTTepai
reonoruANbIK TOpFa OpHanacTbipy, 6y MeH cyapl Ke3eKneH aifay TEXHONOTUACbIH MOAENbAEY
Typanbl anuTblnagbl. KesekneH ainaay - TYTKbIP/bIFbl XOFapbl MyHall KeH OpblHAAPbIHAAFbI aiday
YHFbIMAcblHa 6y MeH CyAblH, UMKNAIK ailAanyblH KamTuabl. By TeXHONOMMAHBIH MaHi - 2-4 ail 6olibl
byabl agay KesiHge KabaT Kbi3agbl, HITUXKECIHAE MYHaWAbIH, TYTKbIP/biFbl TOMEHAENA] KaHe

Makana kengi: 23 aknax 2021
PeueHseHTTEH oTTi: 10 Haypsbi3 2021
KabbingaHapl: 23 cayip 2021

KO3faNfFblWTbIFbl apTagabl. CopaH KeliH cy ailpgay KeseHi 6actanagbl, 6yn Kesge KabatTafbl
KbI3AbIpbINFaH MyHall eHpgipici »kanfaca bepegi aHe KabaT KbiCbiMbl cakTanagpl. CaHAbIK
reo/IornANbIK, MoAenbaey YWiH Keneci ManimeTrtep XMWHAKTanbin, eHAaenin

LAWblHOANAbI:

mozenbaey obbeKTiciHAeri yHFbIManap Ti3imi, yHFbIMa caFasapbliHbiH, KOOPAUHATTAPbI, YHFbIMA
aNbTUTYAAChl, YHFbIMA TPAEKTOPUANAPbIHbIH, MHKAMHOMETPUACHI, YHFbIManapabl ecenke any

[EepeKTepi, KbIHbICE3eK anblHbIN BypfbliaHFaH YHFbIManapapl Tangay sKoHe

UMOPIbIK,

ceicMUKanblK ManimeTTep, onap (cTpatmrpaduasblk rOPU3OHTTAPAbIH, MOFapFbl sKafblHAAFbI

KypblnbiMaplK  6etTep,

napameTpniepaiH, KapTanapbl, aHacy 6eTTepi, Xep KbIPTbICbIHbIH,

Yapbl/IFaH Kepaepi, MakcaTTbl FOPUBOHTTAPABIH, KOFAPFbl XKafblHAAFbl KYPbIIbIMABIK KapTanap,
M30XPOHABIK KapTanap, Xblngamaplk KapTanapbl).
TyiiiH ce30ep: modenboey, yHFbIMa, Manoday, #blHbICO3eK asny, 2uOPOOUHAMUKAbIK 3epmmey.
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rmapoguHamunueckoe moaennposaHue pa3paboTKM MecTopoXKAEeHUA C
npMMeHeHuemM MeToA0B NoBbileHUA HedTeoTaaumn NNacTos

* Monpa6aesa '.}K., 2 Arsamos A.X., ! CyneiimeHosa P. T., : Enedprepuaamu A.K., *A6unesa C. XK.,

lpanyaHos B. A.
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2 KapwuHcKuli uH#ceHepHo-3KoHoMu4eckuli uHcmumym, 2.Kapwu, ¥Y36ekucmaH
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AHHOTAUMA
B ﬂ,aHHOﬁ CTaTbe paccmaTpuBaeTca Ll,l’ld)pOBaﬂ reonornyeckaa moaenb, NepeHoC CKBaXXMHHbIX
AaHHbIX Ha reo/IornM4eckyto CeTky, moaennpoBaHue TeXHO/I0TMU qepep,yrou.l,eﬁcn 3aKayku napa un

Cratba noctynuna: 23 gpespansa 2021 BOAbl. Yepeaylowana 3akayka noapasymeBaeT UMKAMYECKYH0 3aKayky napa WM BoAbl B
PeueHsuposaHue: 10 mapma 2021 HarHeTaTeNbHYIO CKBaXXMHY Ha MECTOPOXIEHMAX BbICOKOBA3KMX HedTel. CyTb [AaHHOM

MpuHAaTa B Nnevatb: 23 anpens 2021

TEXHONIOTMM 3aKNK0YAETCA B TOM, YTO BO BPEMs 3aKauyku Mmapa Ha nNpoTaxeHun 2—4 mec.
NPOUCXOANT NPOrPeB NAacTa, NPUBOAALLMIA K CHUMKEHMIO BASKOCTU U YBEANYEHMIO MOBUNBHOCTM
HedTW. Janee HacTynaeT Nepuos 3aKauku Bogpl, BO BPEMA KOTOPOro NpoAo/XKaeTca BbipaboTka
yXe nporpetoit HedTM U NOALEP)KKA NAACTOBOrO AaBaeHua. a8 uMppoBOro reonornyeckoro
MoZennpoBaHuA nposoauaca cbop, ob6paboTka M MOATOTOBKA CAEAyOWMX AAHHbIX: CMWUCOK
CKBaXMH, BCKPbIBAOWMX OBBLEKT MOAENMPOBAHMA, KOOPAMHATbI YCTbEB CKBAaXMH, anbTUTyAa
CKBaXKWH, MHKAMHOMETPMA TPAEKTOPUIA CKBAXKMH, AaHHble TMC No CKBaXKMHAM, aHaNN3 CKBAXKWH,
npobypeHHbIX ¢ OT6OPOM KepHa M OUMPPOBAHHbIE CEMCMUYECKME [AaHHble (CTPYKTypHble
MOBEPXHOCTU MO KPOB/E CTPaTUrpaduUecKnXx FrOPM3OHTOB, KapTbl MapameTpos, MOBEPXHOCTU
KOHTAKTOB, Pa3/ioMbl, CTPYKTYPHbIE KapTbl MO KPOB/E LLeNEeBbIX FOPU3OHTOB C Pa3/ioMamMm, KapTbl
MN30XPOH, KapTbl CKOPOCTEW).

Kniouesble cnoea: modenuposaHue, CKBAMCUHA, aHAAU3, ombopa KepHa, 2u0poOUHAMUYecKoe
uccnedosaHue.
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ANNOTATION

This paper presents the research results of solid structure and hollow steel billets obtained by
continuous casting. To substantiate the feasibility of using a hollow billet as an initial one in the
production of seamless hot-rolled pipes, a comparative analysis of the distribution of non-metallic
inclusions, macro- and microstructure, as well as segregation by structural zones was carried out.
When analyzing the macrostructure of a hollow billet, two distinct zones were revealed: equiaxed
small and columnar crystals, which distinguishes it, compared with a solid billet, by the absence of a
zone of misoriented crystals. This, in turn, helps to eliminate defects such as axial porosity and
segregation. The improved quality of the macrostructure during casting of a hollow billet is explained
by more favourable conditions for heat removal and a higher rate of solid-phase advance due to
bilateral cooling, and less shrinkage of the melt due to its cross-sectional geometry. The distribution of
nonmetallic inclusions, consisting of oxide, sulfide and oxysulfide compounds, and liquidation
elements, showed that they are concentrated mainly at the boundaries of crystalline zones, and for a
solid billet and in the central part. This fact is caused by the development of a zone of intense heat
removal. When research the microstructures of solid and hollow workpieces, a ferrite-pearlite mixture
is observed in both cases. The microstructure of the hollow billet is more dispersed, which is
confirmed by durometric measurements.

Keywords: continuous casting, liquation, macrostructure, non-metallic inclusions.
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cooling, which promotes better conditions for the

Introduction

The increasing requirements of the oil and gas
industry to the level of pipe products properties
requires intensification of work to improve the
technological properties and quality indicators of
continuously cast billets. To solve these problems,
pipe manufacturers are introducing modern
production  technologies and modernizing
equipment [1-6].

One of the effective methods for improving the
quality of pipe products is using a hollow billet as
an initial one. This will improve the quality, in
particular, almost wholly eliminate axial porosity
and segregation. Also, due to the presence of a
cavity in the billet, it is possible to use double-sided

crystallization of the melt and an increase in the
productivity of continuous casting machines [6-13].

In connection with the above, the purpose of
this work was to research the formation of the
macro- and microstructure of hollow and solid
billets and analyze the distribution of non-metallic
inclusions and liquidation elements.

Material and research methods

The research object is billets from steel 09G2S:
solid @ 210 mm and hollow @ 210x140 mm. The
billets under research were cast into sand molds
250 mm high to exclude the effect of end cooling,
in one of which a rod was used to form an internal
cavity. After casting, templates were cut from the
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1 —zone of equiaxed small crystals; 2 — zone of columnar crystals; 3 — zone of misoriented crystals

Figure 1 — Macrostructure of solid and hollow billets

billets at a distance of 100 mm from the end to
analyze the structure and chemical composition.

The macrostructure and the degree of
development of internal defects were determined
according to GOST 10243-75 “Steel. Test methods
and evaluation of macrostructure" after etching in
50% HCI solution at a temperature of 60° C for 40
minutes. Microstructures were researched by GOST
8233-86  “Steel.  Microstructure  Standards".
Preparation of thin sections for work on a
microscope was carried out according to a
technique that included surface polishing, etching
of thin sections in a 20% aqueous solution of HNOs.
The microstructure was revealed by etching in a 4%
HNOs solution. The study of the microstructure was
carried out using an Olympus BX53M microscope
by optical metallography.

To assess the liquation, the chemical
composition was determined on an optical
emission spectrometer SPECTROMAXx by the

spectral method according to GOST R 54153 “Steel.
Method of atomic emission spectral analysis”.

Determination of contamination and
identification of nonmetallic inclusions was carried
out on microsections sampled over the billets
section using optical microscopy on Olympus
BX53M and X-ray spectrometry using a
multichannel spectrometer CPM 25. Contamination
of the microsections was assessed separately for
oxide, sulfide and oxysulfide inclusions. The
calculation of contamination with non-metallic
inclusions was carried out by GOST 1778-70
"Metallographic methods for the determination of
non-metallic inclusions" (method L).

Durometric research of microstructures were
carried out using a PMT-3 microhardness tester
with a load of 20-100 g.

Research results and discussion

Macrostructure. The main structural zones
characterize the macrostructure of the templates
under research (Figure 1): the cortical zone, the
zone of columnar crystals, and for a solid billet,
there is also a zone of misoriented crystals.

The zone of small equiaxed crystals consists of
crystallites with a short length, a solid billet 18 mm,
and a hollow billet 8-9 mm. An increase in the
thickness of the solidifying layer, due to the
formation of a developed cortical zone, leads to a
decrease in the solid phase advance intensity.
Simultaneously, the value of the temperature
gradient remains sufficiently high, which leads to
the formation of elongated columnar crystals. The
lengths of columnar crystals zones for solid and
hollow blanks are 30 mm and 22 mm, respectively.

The absence of a pronounced zone with
misoriented crystals in a hollow billet indicates an
improvement in the cooling effect's efficiency on
the surface of continuously cast billets during
casting in comparison with a solid billet.
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The obtained macrostructures during casting of
a hollow billet confirm more favourable conditions
for heat removal, a greater intensity of solid-phase
advance, and a more homogeneous steel structure.

Durometric studies were carried out to assess
the homogeneity of the structure of templates of
solid and hollow blanks. Figure 2 shows the
measurement results.

The microhardness values at a load of 25 g
confirm a more homogeneous structure for the
hollow blank.

Non-metallic inclusions. Analysis of non-
metallic inclusions identified by X-ray spectrometry
showed the presence of oxide (Al,0s), sulfide (CaS)
and oxysulfide (Al,0s-CaS) compounds, the cause of
which is the use of deoxidizers (Al) and modifying
additives (Ca).

The distribution of non-metallic inclusions over
the billet section is shown in Figure 3.

Analysis of the distribution of nonmetallic
inclusions over the cross-section of a solid billet
showed that the distribution is of a hopping pattern
associated with the conditions for changing heat
removal and changing crystalline zones.

The results, in Figure 3, show that the content
of inclusions increases when approaching the
centre of the billet, but this increase is not
monotonic. At a distance of 45-50 mm from the
edge of the solid billet, corresponding to the
columnar crystals zone's boundary, the content of
oxide and oxysulfide inclusions increases, then, as
the billet axis approaches, the range of inclusions
reaches its maximum value. The uneven
distribution of non-metallic inclusions is due to the
solidification features of the misoriented crystals
zone. A decrease in the temperature gradient due
to a reduction in the solid phase advance intensity
causes the intensive development of liquation.
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Analyzing the hollow billet structure, it can be
noted that there is a uniform distribution of all
types of non-metallic inclusions. This indicates a
higher rate of solid-phase advance due to double-
sided cooling and lower billet section values.

Chemical heterogeneity. To research the
processes of segregation of continuously cast
billets, spectral chemical analysis was carried out
with a given distance of at least 12 mm, taking into
account the burnout diameter of 10 mm. Figure 4
shows the results of spectrometric analysis.

Surface layers of continuously cast billets,
solidified under intensive solid-phase advance
conditions, have a more uniform distribution of
elements and a low degree of segregation. A
change in the chemical composition of liquidating
impurities is observed in the case of a solid billet
when passing through the boundaries of crystalline
zones.

In the central part of the solid billet, an increase
in all elements' concentration was recorded. An

outside

outside

increase in chemical inhomogeneity in the axial part
of continuously cast billets is explained by a change
in the conditions of heat removal and the formation
of equiaxed crystals zone, which solidifies under
conditions of a minimum temperature gradient and
maximum concentration overcooling.

Regarding the change in the content of
liguidating elements over the hollow billet section,
it should be noted that liquation appears
insignificantly due to the significant development of
the intense heat removal zone.

Microstructure. The research of hollow and
solid billets microstructures showed a ferrite-
pearlite structure (Figure 5).

A solid billet, ferrite (F), and pearlite (P) grains
have an irregular shape with sharp corners. An
increase in the size of ferrite and pearlite grains is
observed along the section of the billet. The phase
components' shape changes from more equiaxed in
the cortical zone to elongated in the dendrite zone
and polygonal in the axial part of the billet.

middle of the wall thickness

Figure 5 — Microstructures of billets (x100)
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Both cases are characterized by acicular ferrite
in the form of Widmanstatten ferrite, which is
formed with a significant degree of liquid metal
overcooling and differing in the degree of ferrite
dispersion. The cast billets' obtained
microstructures confirm the change in the values of
the previously presented microhardness results.

Conclusion

The research results confirmed the
improvement in the structure of the hollow billet
after casting in comparison with the solid one.
Simultaneously, the absence of the billet central

part allows avoiding the occurrence of such defects
as axial porosity and segregation. Microstructure
analysis showed a more dispersed structure in the
hollow billet due to better cooling conditions. A
more favourable distribution of non-metallic
inclusions and liquidation elements is also observed
in the hollow billet. Thus, the purpose of the
research was achieved and the feasibility of using a
hollow billet for the production of seamless oil and
gas pipes was confirmed.
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AHHOTALUMUA

B paHHOM paboTe npuBeAeHbl pesynbTaThl UCCAEL0BaAHUA CTPYKTYPbl CRAOLIHBIX M MOJbIX CTasbHbIX
3aroTOBOK, MO/MYYEHHbIX HEMPEepbIBHOM pasnuekol. [na  obocHOBaHWMA  LenecoobpasHoCcTv
NPUMEHEHWA B KayecTBe WMCXOAHOM, NMpU MPOM3BOACTBE GECLIOBHbIX ropAvyeKaTaHbix Tpyb, monoi

CraTba noctynuna: 28 gespans 2021 3arOTOBKM, MPOBEEH CPABHUTE/bHbIM aHaAM3 pPacrpeAeNeHnNs HeMeTaNIMUYECKUX BK/IOUEHNIA,
PeueH3nposaHue: 10 mapma 2021 MaKpO- M  MUKPOCTPYKTYPbl, @ TaKXe JIMKBAUMW NO CTPYKTYpHbIM 30Ham. [lpu aHanuse
MpuHATa B Nevatb: 04 mas 2021 MaKpPOCTPYKTYPbl MO0 3arOTOBKM BbIABNEHO ABE APKO BbIPAXKEHHbIX 30H: PABHOOCHBIX MENKUX U

CTONBYATBLIX KPUCTANIOB, YTO OTIMYAET €€, B CPABHEHUM CO CMIOLWHOW 3arOTOBKOW, OTCYTCTBMEM 30HbI
Pa3oPUEHTUPOBAHHbBIX KPUCTannoB. ITO, B CBOK oyepedp, CMOCOBCTBYET WCKIOUYEHUID TaKUX
nedeKToB, KaK 0ceBas MNOPUCTOCTb M JIMKBAUMA. YNy4WEHHOe KayecTBO MaKPOCTPYKTypbl Npu
pasnvBKe MNOAON 3aroToBKM 0bbsAcHaeTcA 6osee 61aronpuATHLIMU  YCAOBUAMM TEMA00TBOAA M
60NblUeit MHTEHCUBHOCTBIO MPOABUNKEHUA TBEPAOW Gasbl 3a CYET ABYCTOPOHHEro OXNaXKAEHWUA U
MeHblUEel YyCaflKW pacniasa BBWAY €e TeOMeTpUM MNONepevyHoro ceveHus. Pacnpepenexve
HEMETA//IMYECKMX BK/IOYEHMUI, COCTOALMX W3  OKCUAHbLIX, CYyAbOUAHBIX U OKCUCYNbOUAHBIX
COEVMHEHUM, a TaKKe NMKBUPYIOLLMX 3NEMEHTOB, NMOKA3ano, YTO OHU KOHLEHTPUPYIOTCA B OCHOBHOM
Ha rPaHULAX KPUCTaNNMYECKUX 30H, @ A/1A CNJIOWHOM 3aroTOBKM M B LEHTPaNbHOM YacTu. [aHHbIv
baKT BbI3BaH  PA3BUTMEM 30HbI MHTEHCMBHOrO TEMI00TBOAA. [PU MCCAELOBaHUM MUKPOCTPYKTYP
CNMIOWHOM M NOMOW 3aroTOBOK B 060MX ciydasx Habaogaetca ¢eppuTHO-NEpAUTHAS CMECh.
MMUKPOCTPYKTypa NOMON 3aroToBKWM OTAMYaeTcA 6oNblueit AUCNEepPCHOCTbIO, UYTO MOATBEPHKAEHO
AOPOMETPUYECKUMMN U3MEPEHUAMM.
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Influence of the "pumping wells" technology on the indicators of in situ
leaching of uranium
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ABSTRACT

This paper presents the results of experimental research applications "pumping wells" when the
Received: 07 March 2021 mining of uranium deposits by the method of In-Situ Leach Mining ISL in mine "Karatau". Analyzed
Peer reviewed: 17 April 2021 the experience results of uranium deposits development in the conditions of high-pressure nature
Accepted: 06 May 2021 of groundwater. The experimental works have been conducted using proposed “pumping wells”

technology. The implementation of the proposed "pumping well" technology did not affect the
Me and pH values in comparison with the actual technology, but it did reduce the production cost.
It is proved that by using the proposed technology and schemes in conditions of high-pressure
nature of groundwater reduces the cost of procurement of cables, significantly reducing the cost
of acquisition of submersible pumps, savings in the end cap.
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BanAHMe «HACOCHbIX CKBAaXXMH» HA NOKa3aTenu BbilesaynBaHUA ypaHa
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AHHOTALMUA

B paHHoM paboTe npuBegeHbl pesy/bTaTbl IKCMEPUMEHTaNIbHbIX UCCAe0BaHUN MPUMEHEHUA
HACOCHbIX CKBAaXXMH» NpU OTPaboTKE MECTOPOXKAEHWUI ypaHa MEeTOAOM MNOA3EMHOro
CKBaXMHHOTO BblwenaunsaHua (MCB) Ha pyaHuke «Kapatay». [MpoaHanvM3npoBaH OMbIT

Cratba noctynuna: 07 mapma 2021 pa3paboTKM ypaHOBOrO MECTOPOMKAEHUsA B YC/NOBUAX BbICOKOHANOPHOrO XapaKrepa noA3emHbiX
PevueH3supoBaHue: 17 anpens 2021 BO4, M NPEeA/oMKeHa TeXHONOMMA «HACOCHbIX CKBaXMH». BHEAPEHUA TeXHONOrMM «HACOCHbIX
MpuHAaTa B neyatb: 06 mas 2021 CKBaXXMH» MO3BOAAET CHU3UTL cebecToMmocTb A06bluM, a coaepKaHue ypaHa B NPOAYKTUBHOM

pacteope (MP) u BennunHa pH He nsmeHseTcs. [lokasaHa, YTo Npu UCNOb30BaHUK Npeaiaraemom
TEXHONIOTMM N CXeMbl 06BA3KM TEXHONOTMYECKOro 6/10Ka B YCNOBUAX BbICOKOHANOPHOIO XapaKTepa
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noA3eMHbIX BOJ, YMEHbLUAKTCA 3aTPaTbl Ha 3aKYMKy KabenbHou npoAyKUMK, NOrpy>KHbIX HACOCOB,

SKOHOMATCA CpeacTBa Ha MOHTAXX Or0/I0BHUKOB.

Knrouessbie cnoea: NCB —noa3emHoe CKBaXXMHHOE BblLLle1a4nBaHuE, BblCOKOHaI’lOprIﬁ XapakTtep,

«HACOCHble CKBaXWHbI», pH- NnokasaTtenb MOHOB BoAopoaa, Me — copeprkaHue ypaHa, obBa3Ka

CKBaXWUH.
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BBegeHue

FnobanbHbli  MUPOBOM  KPU3UC  YCUAUAN
n3MeHeHne MUPOBLIX aHepreTn4eCKNX OpneHTUpoB
B CTOPOHY AgepHoro Tonauea. CerofHsa ypaH

npespaTuaCcA B CTpaTerMyeckuni NPoAyKT
rnobanbHOM 3SKOHOMWKM, HA [O/0  KOTOPOro
npPUXoAnTCA BblpaboTKa 6onee 15%
3N1eKTPOo3Heprnmn B mmpe [1].

KasaxctaH  ABnsetca  cambim  60/bWIKM
MWPOBbIM npouwssoauTenem ypaHa,
npeacTasAAloWMM  NpuMepHo  22%  MUMpPOBOH
[obblum  ypaHa B 2018 rogy. Kasatomnpom

NPOM3BOAMT YypaH, WCNOMb3yA CBOWM AO0YEPHUE
npeanpuaTisa, COBMECTHble npegnpuatTua. 26
pyoHuWKoB ob6beauHeHbl B 13 pobbiBatowwme
npeanpuATUA, BCe OHM PacnosiosKeHbl B KasaxcTaHe
M OCYLLECTBAAIOT A06blMy MeTogoM MoA3eMHOe
CKBaXXMHHOe BbiwenaunsaHue (MNCB). YpaHoBble
MecTopoxKaeHua B KasaxcTaHe paspabatbiBatoTcs
Ha rnybuHe o 750 MeTpoB C MCNOAb30BaHMEM
SKoNornyeckn 6e3onacHoOro M 3KOHOMUYECKMU
OMNpaBAaHHOTO MeToAa MOA3EMHOr0 CKBaXKMHHOTO
BbilWenaymsaHus [2].

Mofa3emHOe  CKBa*KMHHOE
ABAAeTCA cnocobom 0oTpPaboTKM PYAHbIX
MECTOPOXKAEHUA  NAACTOBO-MHOUABTPALMOHHOIO
TMna 6e3 NoAHATUA PyAbl Ha NOBEPXHOCTb, NyTem
nsbupatenbHoro nepesoga MOHOB MPUPOAHOrO
ypaHa B NPOAYKTMBHbIA pacTBOpP HeNnocpeacTBEHHO
B Heapax [3].

Bbllesia4nBaHne

JKcnepumeHTaNIbHaA YacTb

JKcnepumeHTaNbHbI 60K  HaxoAUTcA  Ha
pyaHunKke «Kapatay». Ha 3kcnepumeHTasnbHOM
6noke 30 3aKayHbIX CKBaXKMH, 14 OTKauyHbIX

CKBaKMH, PAcCTOHME MeXKAY 3aKauyHOM M OTKAYHOM
ckBaxkmHamm 30 m. [lpuHATa pAagHaa cxema
BCKpbITUA. [ANA npoBegeHusa 3KcnepumeHTanbHbIX
paboT 6blna npegsoXKeHa YCOBEPLUEHCTBOBAHHAA
CXema  0OBA3KM  TEXHOMOFMYECKMX  CKBAXKMH
(pucyHok 1), cyTb KOTOpOM 3aKioYaeTca B
COOPY)KEHMM OTKAYHbIX CKBaXXMH B dopmaTe
3aKauyHblx; BO/AM3M  OT  TpaHCHOPMATOPHbIX
noacraHumMn rnybuHon 50-100 m coopyKatoTca
«HACOCHble CKBaXWHbI», 060pPYyAOBaHHbIE TNYyXOM
6e3¢pUNbLTPOBOM KONOHHOW, B HWX pacnonaratorca
Morpy*KHble  Hacocbl. CyMmapHas  MOLLHOCTb
HaCOCOB PaBHa - ONTUMAAbHOM NPU TPALULMOHHOM
cxeme 068A3KK [4].

HacocHble CKBaXMHbI C OTKAYHbIMU COeAMHEHbI
WnaHramm 1 npeacrtasnatoT  cobol  cuctemy
coobuatowmxcs cocynos. Buanmo, Heobxogmmbim
ycnoBMem  Npy 3TOM  [O/KEH  ObiTb -
NOMIOXKUTENbHbIM Hanop MNoA3eMHbIX BOZA Hapg
OHEeBHOW MOBEPXHOCTbIO M PACMO/IOXKEeHME Hacoca
HUXE [AMHaMUYeCcKoro ypoBHA.  MuHMMaAbHoe
YMCNO TAKMX «HACOCHbIX CKBAa)XMH» — OfHa Ha
TEeXHOJIOrM4yeckui 6,10k [5].

Onn NpPaBuUIbHOTO  BeAeHus
NnoA3eMHOro BbILL,E/TAYMBAHMS, cobnogeHnn
TEXHO/IOTMYECKOrO  peXKMMa, aHanusa paboTbl
NoJIMroHa, NAaHNPOBaHMA J06bIYM ypaHa U pacxoaa
peareHTOB HEODOXOAMMO BbIMOMHATL pacyeTbl pAaa
reoTexXHO/I0rMYECKMX NapamMeTpoB.

MoKasaTenn reoTeXHONOMMYECKOro npoLecca
— K OCHOBHbIM FeOTEXHOJIOrMYECKMM NOKa3aTensm
OTHOCATCA:  CTeNeHb  W3BAEYEHUA  MOJIE3HOrO
KOMMNOHEHTa, Be/IMUMNHA KuaKoe Ha TBepgoe (H/T),
yAEeNbHbIN pacxop, peareHTa. OcTanbHble
TEXHONOTMYECKME  MoKasaTenn  (KOHUeHTpauumA
M3BNEKAEMOrO KOMMOHEHTA B pPacTBOpe, Bpems
BbILLENAYMBAHUA U T.N.) ABAAKOTCA NPOU3BOLHbLIMM

[6].

npouecca
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PucyHok 1 - Cxema 06Ba3KM nccheagyemoro 6n0Ka B YCNOBUAX BbICOKOHAMOPHOIO XapaKTepa noa3eMHbIX BOA,

MokasaTtenb pH nmeeT ocoboe 3HayeHMe npu
006blye ypaHa MeToA0M MOA3EMHOr0 CKBaXKUHHOTO
BbllLEela4nBaHUA. Ona addeKkTMBHOrO
BbllLela4YMBaHUA HYXKHO A06uTbCcA pH B AManasoHe
1,5-2, B 3TOM cpeae NPUPOAHbIN ypaH 3HaYUTENbHO
Nydlle pacTBOpseTC, HO He Bcerga yaaérca
00BUTbCA OAHOBPEMEHHOr0 MWAM  NOCTEMNEeHHOro
CHUXXeHMA pH noKasaTena Bo BCeX CKBaXKuHax [7].

Mpyu M3y4eHUM MaTepuanosB Ha Mccieayemom
MECTOPOXAeHUN AnA Bblbopa M3ydyeHMe npouecca
noA3emHoro CKBaXMHHOTO BbllLEIa4MBaHUA
OCHOBHbIMM  MOKasaTenaMu  6biAM  NPUHATHI
coaeprKaHue ypaHa B NpoAyKTMBHOM pacTeope (Me)
W BOAOPOAHbIVM NoKasaTtesnb (pH) [8]

Pe3ynbTaTbl U UX 06CYy>KaeHuUA

B xome wuccnepoBaHua 6biiv  cobpaHbl Bce
OaHHble TEXHONOMNYECKUX sTanos Ha
aKcrnepumeHTasbHOM 610ke N232 1 npaKTuKyemoi
6n0ke Ne33 Ha pyaHuke «Kapatay» (Tabauua 1) [9].

O6paboTKoi AaHHbIX Tabauy, 6blIM MOAYYEHDI
3aBMCMMOCTM COAEepXKaHMe ypaHa K BOAOPOAHOMY
noKasaTe/llo 3a oTpaboTaHHble 3Tanbl (PUCYHOK 2).

Kak nokasaHo Ha pucyHKe 2 nsmeHeHusa pH-1 un
pH-2 ot 4,5 no 3 coagepaHue ypaHa Me-1 n Me-2
B MNPOAYKTMBHOM  pacTBOpe  COOTBETCTBEHHO
nosblwaetca ¢ 20 mr/n Ao 50 mr/n, a Npu CHUXKeHne
nokasatenu pH-1 n pH-2 ot 3 go 2 coaepKaHue
ypaHa B 06oux c/yyasax pes3Ko MoBbIWAETCA A0
MaKcMmanbHoro 3HadeHnma 200 mr/n n 350 mr/n
COOTBETCTBEHHO. B 3KcnepumeHTanbHOm 6J10Ke
cogep)kaHue ypaHa B MPOAYKTMBHOM pacTBope
nocreneHHo cHukaetca oT 200 mr/n go 120 mr/n
npu pH=1,7-1,8, a B npakTMkyemom b/0Ke TaKkKe
cogeprkaHue ypaHa B MPOAYKTMBHOM pacTBope
nocteneHHo cHuxaetca oT 350 mr/n go 200-230
mr/n npn pH=1,8-2. HeobxoAMMO OTMETUTb, YTO
cofeprkaHue ypaHa nNpAMO NPOMNOPLUOHANBHO K
3anacy ypaHa, M NO3TOMYy COAep)KaHue ypaHa
3KCNepuMmeHTanbHoro 6/710ka  MeHblle, 4Yem B
npakTMKyemoro 610Ka. WM3BECTHO, YTO aKTMBHOE
Bblwenaymsanme npu MNMCB HaunHaeTca npn pH<L2 n
cofepraHue ypaHa byaeT nocTteneHHO nNagaTtb 40
MMWHMMANbHOIO 3HAYEeHUA, NOTOMY YTO MU3BJIeYEeHUe
ypaHa b6yget pactu go 70% v ganblle HayHeTcA
cTagus Aosblllenadmsanms [10, 11].
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Tabnuua 1 - OCHOBHbIe NOKA3aTen NPAKTUKYEMOTO M IKCNepMeHTaNbHOro 610Ka

MokasaTenn npakTukyemoro 610kKa MoKasaTtenu akcnepumeHTanbHoro 6,10ka
Bpems pH-2 - Me-2 — Bpems pH-1- Me-1 -
MY ECTZETZC BOAOPOAHbBIN cofeprKaHune BbllLlefIaYMBaHuMe, BOAOPOAHbBIN cofeprkaHue
CYTKM nokasaTenb ypaHa CYTKM nokasaTenb ypaHa

1 3,31 26 1 4,64 4

2 3,00 23 2 4,38 4

3 3,15 22 3 3,73 4

4 3,16 25 4 3,34 5

5 2,05 21 5 3,18 6
40 2,02 346 40 2,05 109
41 2,04 349 41 2,03 111
42 2,07 345 42 1,87 129
43 1,93 350 43 1,90 139
44 2,14 351 44 1,82 145
45 2,02 352 45 1,89 148
46 2,02 355 46 1,84 153
47 2,04 354 47 1,87 158
48 2,00 356 48 2,01 162
49 1,96 352 49 1,81 165
50 1,98 361 50 1,87 175
187 1,93 235 187 1,62 120
188 1,94 241 188 1,61 121
189 2,04 233 189 1,70 124
190 2,01 231 190 1,73 118
191 1,96 235 191 1,70 118
192 2,01 236 192 172 119
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OcHOBHbIE IIOKa3aTeJu NPaKTHUKYEMOTI'O M 3KCIIEPUMEHTAJILHOT O

5,00
I pH-1 (FucTorpamma)

4,50

4,00

AOPO/IHbBI MOKA3ATENL PH

3,50

3,00

2,50

2,00

1,50

1,00

0,50

0,00

00
00
00

1,00

5,00

9,00
13,00
17,00
21,00
25,00
29,00
33,00
37,00
41,00
45,00
43,00
53,00
57,00
61,00
65,00

69,
73,00

77
81,00

85,00
83

pH-1 - BoAOPO1HBLIT [10KA2ATC/Ib IKCIICPUMCHTAILHOIO G10Ka

pH-2 - BonopoaHbIii n0Ka3aTeNh NPakTHKYEMOro 0j10Ka

93,00

37

101,

Al

6JI0Ka

B pH-2 (Mucrorpamma)

00
00

400

w——\e-1 (Mpadmk)

w——Me-2 (Fpaduk)

00

105,00
109,00
113,00
117,

121,00
125,00
129,00
133,00
137,00
141,00
145,00
149,00
153,00
157,00
161,00
165,00
169,00
173,00
177,00
181,00
185,00
189,00

Me-1 - coepkaHie ypaHa B IPOIYKTHBHOM PACTBOPE KCIICPHMCHTAILHOIO G10Ka

Me-2 - coziepkaniie ypana B poJIyKTHBHOM PAacTBOPE NPAKTHKYEMOro O10ka

PUCYHOK 2 - OCHOBHbIE NOKa3aTenn NPakKTUKYEMOTO N 3KCMEePMEHTaNIbHOrO 6n0oKa

BbiBOAbI

MpennoxeHHaa ycoBepLEHCTBOBAHHAA CXema
006BA3KM TEXHONOTMUYECKUX CKBAXKMH, CYyTb KOTOPOW
3aK/I04AETCA B COOPYMKEHUN OTKAYHbIX CKBa*KUH B
dopmaTe 3aKayHbIX NO3BONAET CHU3UTbL 3aTpaThl Ha
rOpHO-NOAroTOBUTENbHbIE PaboTbl M COBAOCTM
pauMoHanbHbIM  peMm  paboTbl  CKBAXKMH.
MpoBeaeHHbIMU ONbITHBIMM pabotamu

YCTQHOB/IEHO, YTO MNPU MNPUMEHEHUU TEXHOJIOMMK
«HACOCHbIX CKBa*KMH» OCHOBHblE  MOKAa3aTenu
NoA3eMHOro CKBaXKMHHOFO BbILLEeNaYnMBaHUA ypaHa,
TaKMe KaK cofeprkaHue ypaHa B MNPOAYKTUBHOM
pacTBope W BOAOPOAHbLIA NOKAasaTesb OCTAtOTCA
TAaKUMMU ¥Ke, KaK U Npu 6a30BOM TEXHOOTUM.

KoHpamkr uHTepecos. OT MMeHM BCeX aBTOPOB
KOPPECNOHAEHT aBTOP 3afAB/AAET, 4TO KOHGAMKTA
WHTEPeCoB HeT.

Ccoinka Ha OanHylo cmameoio: Anves C.b.,, OmapbekoB E.Y. BauAHME «HACOCHbIX CKBAaXKMH» Ha TMOKasaTenu
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Mineraldik Shikisattardy Keshendi Paidalanu. -2021. Ne2( 317), pp.30-36. https://doi.org/10.31643/2021/6445.15
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[Influence of the "pumping wells" technology on the indicators of in situ leaching of uranium] // Kompleksnoe
Ispol’zovanie Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu. -
2021. Ne 2 (317), pp. 30-36. (In Rus.). https://doi.org/10.31643/2021/6445.15
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State and prospects of processing tin-containing raw materials in Kazakhstan
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ABSTRACT

The article discusses the current state-of-the-art in the tin industry and the prospects of the Republic of
Kazakhstan. The evaluation is performed in terms of the development of domestic tin production for the
growing global demand and the development of the domestic high-tech industry. The study includes the
main domestic sources of the raw material base of the tin, which includes mineral raw materials,
anthropogenic and secondary waste. Since the most important for the contemporary tin industry are
mineral raw materials, the possibility of complex processing of ore from the Syrymbet deposit was
studied. Based on the results of the studies performed, it was found that the mineral tin-containing raw
materials of the Syrymbet deposit, in addition to cassiterite, also contain acid-soluble tin-containing
minerals (stannin, etc.). At the stage of gravity concentration, the most efficient extraction performance
of tin into concentrate was found for the gravity separator — amounting to 34.2%. At the leaching stage,
the most efficient extraction of tin (1,543 ug/L) showed an aqueous solution of sulfuric acid with a
concentration of 100 g/L, at a temperature of 45 °C.

Keywords: tin, Syrymbet deposit, gravity concentration, leaching, sulfuric acid, cassiterite, stannin.
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industry, which is an indicator of the level of

Introduction technological development, consumes up to 47% of all

tin produced, which is used for the manufacture of

Tin has been one of the metals determining  Vvarious solders. In addition, tin is used for the
the development of mankind for a long time. So in an  Production of tinplate, storage batteries and is used in
alloy of tin with copper, bronze was obtained, which  the chemical industry [2]. Recently, in connection with
made it possible to make a breakthrough in the the COVID-19 pandemic, electronic communication
development of civilization [1]. In the current time, tin ~ devices have become increasingly important, which are
has not lost its importance in the least. The electronic  integral parts of the distance learning and work system.
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Their production and, accordingly, the consumption of
tin will only increase [3]. The price of tin in February
2021 was 23,435 S/t [4]. Up to 300 kt/y of tin are
produced currently [5]. Since the world mineral
reserves of tin, which are economically profitable for
mining, amount to 4.7 Mt [5], to eliminate economic
risks, it is necessary to expand the material base of the
tin industry. To do this, it is necessary to involve
technogenic and secondary tin-containing waste in
recycling. The development of environmentally and
economically attractive comprehensive methods
for processing tin-containing raw materials is a
priority.

Electronic waste Anthropogenic Mineral raw materials
— T —_— T
Shredding Enrichment
0.5 mm -
Gravity
@ Flotation
Separation &
Magnetic
Electrostatic Separation
Gravitational Magnetic
Electromagnetic
@ Electric
Leaching
HxS04. HCL HNO: G
& Dearsenizing,
desulfurizing
Recovery burning
cementation,
electrolysis G
Reduction smelting

Figure 1 - Typical schemes for the processing of
tin-containing raw materials

Typical schemes for processing tin-
containing raw materials are shown in Figure 1. The
method of processing any given tin-containing raw
material depends on the form in which it is
contained in the material. So in electronic waste,
tin is in a metallic form, within the composition of
an alloy (solder) with lead and other elements [6].
The melting point of the solder is from 180 °C.
Therefore, often to remove the solder, electronic
boards are heated to the melting temperature of
the solder, or they are burned in furnaces with
electric or fuel heating [6]. In this case, harmful
substances are released as a result of the
decomposition of the plastic. Also, the increased
consumption of electricity is associated with
additional CO, emissions into the atmosphere [7].
Therefore, the most efficient from the point of view
of energy consumption and environmental
protection are the hydrometallurgical methods of

processing electronic secondary raw materials
using various reagents [8]. Anthropogenic waste
materials, such as tailings of polymetallic ore
concentration, contain tin in the form of minerals -
cassiterite, stannine, etc. The schemes for their
processing are close to the scheme for processing
mineral raw materials.

In the direction of developing various
approaches to the processing of technogenic and
secondary tin-containing raw materials, constant
work is underway, hydrometallurgical [9],
pyrometallurgical and combined processing

methods are being developed [10].

In addition to involving tin-containing waste
in recycling, it is also necessary to increase the
efficiency of processing mineral raw materials.

Figure 2 - The largest tin deposits in Kazakhstan
Syrymbet -1, Sarybulak -2, Donetskoe - 3, Usken -
4, South Atasu - 5, Maykol - 6, Karaoba - 7, Bis - 8,
Karagailly-Aktas-9, Karasu -10, Kalay tapkan —11

The state balance sheet in Kazakhstan includes
tin reserves at the following deposits: Akhmetkino,
Bakennoye, Belogorskoye, Verkhnebaimurzinskoye,
Yubileinoye, Medvedka, Kalai-Tapkan, Zhalanash,
Karaoba, Syrymbet and others. The largest of them
are shown in Figure 2. The ores are characterized
by a relatively high content of tin, but as shown by
technical and economic calculations, they require
pre-enrichment in the process of mining [11].
Northern Kazakhstan is represented by the
Syrymbet and Sarybulak (Syrymbet ore field),
Donetskoye and Usken deposits. Central
Kazakhstan is represented by the Karaoba and
Maikol deposits. South Kazakhstan is represented
by the Karagayly - Aktas and Biye fields. East
Kazakhstan is represented by the Karasu and
Belogorskoye fields. He most promising project is
the development of the Syrymbet deposit, which
ranks first in importance among 15 undeveloped tin
deposits in the world. According to the
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International Tin Association (ITA), Kazakhstan has
tin reserves in the amount of 351 kt [12]. The
Syrymbet field development project provides for
the extraction of 90.4 kt of tin in concentrate [13].

Placer and bedrock ores are the most
important mineral sources for tin production. The
main mineral of tin mining is cassiterite (Sn03) [14].
Due to its high specific gravity, it is usually enriched
by gravity methods [15]. However, only relatively
large cassiterite particles can be separated by
gravity methods. This is usually in the order of 50-
60% of the tin content in the ore. Therefore, to
increase the efficiency of extracting tin from
mineral raw materials, gravity methods are
combined with flotation methods [16]. The most
profitable are the ores of alluvial deposits. Placer
tin ores are enriched by gravity, bedrock - by
magnetic separation and combined gravity-
flotation methods. In addition to cassiterite, tin in
ores can also be found in the form of stannine
(CuzFeSnS,). In this case, the content of tin in the
frame of the total amount can reach up to 70%
[17]. At present, the ores of tin deposits have a low
content of tin, a lot of impurities, which makes such
ores difficult to concentrate by traditional methods.
In the case of gravitational enrichment, part of the
tin can go into the tailings [18]. Cassiterite goes into
tailings because of its small size and stannine
because of its lower density compared to
cassiterite. To extract tin from tailings and poor
ores, various methods are used, the essence of
which is the distillation of tin in the form of
chlorides, sulfides and oxides. The processes of
stripping tin in the form of oxides and sulfides are
used at many enterprises [19], but these processes
take place at high temperatures, which requires
significant fuel costs and complex hardware design.
In the presence of acid-soluble forms of tin-
containing raw materials, hydrometallurgical
methods of tin extraction are the most effective
from the point of view of reducing energy and
material costs. Sulphuric acid is a typical reagent for
hydrometallurgical methods [20]. It would be
logical to assume that tin can be extracted from
stannine by leaching since, unlike cassiterite, it is
soluble in acids.

As can be seen from the state-of-the-art
review, hydrometallurgical methods have not been
well developed or applied for tin extraction. This
outlines a gap in the current knowledge and
practice. The purpose of this work is to study the
chemical and phase composition of mineral raw
materials - ore from the Syrymbet deposit, to study

the possibility of enriching raw materials and
complex extraction of valuable components from it
using hydrometallurgical methods.

Experimental part

Ore samples were selected for completing
necessary analyses. One of the goals was to study
the chemical and phase composition of the ore of
the Syrymbet deposit, and the other was to study
the possibility of enriching raw materials and
extracting valuable components from them. To
average the composition, the mineral raw materials
were mixed, and the raw material was taken by the
quartering method. All experiments were carried
out in the laboratory at the premises of D.
Serikbayev East Kazakhstan Technical University.
Samples with a total weight of 1 kg were dried in a
drying oven for 48 h, at a temperature of 80 °C. An
ICP-MS 7500cx inductively coupled plasma mass
spectrometer from Agilent Technologies (USA) was
used to study the chemical composition of raw
materials by the spectral method. An X'Pert PRO X-
ray diffractometer manufactured by PANalytical
(Netherlands) was used for the identification of the
phase composition. The raw materials were divided
into size classes to study the distribution of tin by
size classes. Each fraction was weighed on a
balance and prepared for further analysis. Also,
samples of raw materials were prepared for
analysis on a JSM-6390LV scanning microscope
manufactured by JEOL Ltd. (Japan). To study the
morphology of raw materials (Fig. 3), a BX-51
microscope (Olympus, Japan) was used.

A concentration table (SKO-2) and a gravity
separator (ITOMAK 2K) were used to evaluate the
possibility of enriching raw materials and extracting
valuable components from them. When enriching
raw materials through a concentration table - (CKO-
2), the following parameters were used: vibration
frequency - 310 /min, stroke length - 12 mm, S/L =
2/8. When enrichment through a centrifugal
separator (Itomak — 2K), the following parameters
were used: water pressure - 0.1 atm., rotation
speed - 240 rpm. To determine the chemical
composition of raw materials by the spectral
method after gravitational enrichment, we used an
ICP-MS 7500cx inductively coupled plasma mass
spectrometer (Agilent Technologies, USA). To study
the phase composition, an X'Pert PRO X-ray
diffractometer was used.

To carry out the leaching, the tailings of the
gravity concentration of the ITOMAK centrifugal
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separator were used. An aqueous solution of
sulfuric acid (H2S04) was used as a reagent. The
density of H,SO; is 1.84 g/mL. To study the effect of
concentration on the extraction of tin from the test
material, aqueous solutions of sulfuric acid with a
concentration of 20 g/L, 40 g/L, 60 g/L, 80 g/L, 100
g/L, 120 g/L, 140 g/L were used. S/L ratio = 1/3 (50
g / 150 g). Process temperature - 45 °C. Leaching
was carried out in a heat-resistant laboratory
glassware with stirring on a magnetic stirrer. To
determine the chemical composition of raw
materials by the spectral method after leaching, an
ICP-MS 7500 cx inductively coupled plasma mass
spectrometer (Agilent Technologies, USA) was
used.
The discussion of the results

shows the

Figure 3 topography and

microstructure of the ore surface from the
Syrymbet deposit.
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Figure 3 - Topography, the microstructure of the surface
of an ore sample from the Syrymbet deposit - a, and
profiles of the distribution of elements — b

The profiles of the distribution of elements
in the selected area, made using a scanning
microscope JSM-6390LV manufactured by JEOL Ltd.
(Japan), can be seen there. Figure 4 shows an image
of the surface morphology of the sample taken
using a BX-51 microscope (Olympus, Japan).

Figure 4 - Surface morphology of an ore sample
from the Syrymbet deposit

After the classification of raw materials, the
distribution of tin was determined according to
eight standard-size classes. The results are
presented in Table 1. According to the results of the
analysis of the distribution of tin in eight standard
size classes, it can be concluded that tin is mainly
found in the fraction (-3 + 2) = 36%, and in the
classes (-1.5 + 1), (-1+ 0.63), (-0.63 + 0.5), (0.5 +
0.31), (-0.31 + 0.05), tin is distributed almost
evenly.

Table 1 - Distribution of tin by eight standard size grades
and in the initial mineral raw materials

Size, Output | Content  Sn | Distribution,
mm (8) (ppm.) Sn %
-3+2 317 2,757 36
-2+1.5 85.3 1,040 3
-1.5 99.7 11.3
+1 3,392
-1 114.4 11.2
+0.63 2,857
-0.63 69.6 9.7
+0.5 3,962
-0.5 207.6 12
+0.31 4,912
-0.31 93 13
+0.05 3,940
-0.05 3.2 3,535 3.9
Raw
material 2,861

The results of gravity concentration are
shown in Table 2. The lowest tin content was found
in the classes (-2 + 1.5) and (-0.05). The Itomak 2K
gravity separator proved to be the most efficient in
terms of the extraction of tin by the gravity
method. The result of studying the phase
composition of the concentrate showed that all the
tin in the concentrate is in the form of cassiterite. It
is likely that acid-soluble tin minerals (stannine) are
found in the tailings. However, due to the fact that
the sensitivity of the X-ray diffractometer makes it
possible to analyze the substance at a content of
>1%, it was not possible to establish the presence
of acid-soluble tin-containing minerals in the tails.
As a result of the leaching of the tailings of mineral
processing at the ITOMAK unit, it was found that tin
is extracted into the productive solution. Therefore,
acid-soluble forms of tin are present in the tailings.
In this case, the concentration of sulfuric acid has a
significant effect on the extraction of tin (Fig. 5).
The most effective extraction of tin (1,543 pg/L)
was shown by an aqueous solution of sulfuric acid

— 4 ——
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Table 2 - Results of the performed gravity separation

Figure 5 - Dependence of tin extraction
depending on concentration

with a concentration of 100 g/L at a temperature of
45 °C. A further increase in the acid concentration
showed only a slight increase At an acid
concentration of 120 g / L, the extraction of tin into
the productive solution was 1648.4 ug / L, and at
140 g/ L-1676.24 pg / L. Thus, this method can be
used for the comprehensive extraction of tin.

Conclusion

As a result of the work carried out, it was
found that the extraction of the tin using a
concentration table (SKO-2) was 19.9%. The most
effective extraction by gravity methods is possible
with the use of the gravity separator ITOMAK — 2K.
The extraction of tin was 34.2%. In both cases, a
significant portion of the tin remained in the
tailings. Obviously, it is necessary to continue the
work with the aim of greater extraction of tin into

Equipment Output, (%) Content Sn, % Extraction
Concentrat | Tailings Intermedia | Concentrate | Tailings Intermed | Sn, %
e te iate
SKO-2 0.012 93.7 6.288 4.75 0.135 0.16 19.9
ITOMAK 2K 0.008 99.92 - 12 0.016 34.2
1800 concentrate, as well as extraction of tin from the
1600 1676,24 tailings. The leaching carried out with an aqueous
P solution of sulfuric acid showed that, in addition to
1400 )
— 1200 1/15380 cassiterite, the ore contains acid-soluble forms of
‘Qmoo // tin-containing mineral raw materials, which are
o B0 effectively leached. At the same time, an increase
” 600 in the concentration of sulfuric acid significantly
400 383,30 increased the extraction of tin into the productive
2 180.15 solution. This direction of work is promising, and
oo further study of the effect of temperature and
0 20 40 60 80 100 120 140 160 ] ] ] . )
2S04 (g1) concentration of sulfuric acid will allow choosing

the most economical regimes for leaching acid-
soluble forms of tin-containing mineral raw
materials. Summarizing the possibilities of
expanding the base of tin-containing raw materials,
it can be stated that Kazakhstan has all the
prerequisites for development in this direction. The
most promising in this regard are e-waste and
anthropogenic raw materials. However, mineral
raw materials are by far the main resource for the
tin industry.
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TYRIHAEME

Makanaga KasakctaH PecnybaunkacbiHaafFbl Kanaibl eHepKacibiHiH, Kasipri kafoabl meH 6onawarbl
KapacTbipbinfFaH. bafanay ecin Kene KaTKaH oa/neMAiK CypaHbICTbl KOHE OTaHABIK KOFapbl
TEXHONOTUANBIK CafaHblH, AaMyblH €CKepe OTbIpbif, KafalbliHbiH OTAHAbIK, OHAIpICiH AambITy
TYPFbICbIHAH XKYpri3inreH. 3epTreyae MUHEPanaplK LWKKi3aT, TEXHOreHAIK KaHe KalTanama Kangblkrap
KipeTiH Kanavbl WWKi3aT 6asacbiHblH, Herisri OoTaHAbIK Ke3aepi KapacTbipbinagbl. Kasipri kanaiibl
OHepKacibi yWiH MWHepangblK LWUKI3aT MaHpi3abl 6onbin TabblnaTbiHAbIKTaH, CblpbiIMbGET KeH
OpPHbIHbIH, KeHiH KelleHAi eHAey MYyMKiHAiri 3eptrenai. MyprisinreH 3epTreynepgiH HaTuxenepi
6oiibiHWa CbipbIMBET KeH OpHbIHbIH, Kanaibl 6ap MWHepangbl LWMWKI3aTbiHbIH,  KypambliHAQ
KaccuTepuTTeH 6acKa, KbllWKbiNAa epuTiH Kanaibl 6ap muHepangap (CTaHHUH XaHe T.6.) 6ap ekeHi
aHbIKTanapl. paBuTaumanblK 6alblTy Ke3eHiHA4e KOHLEHTPATKa KanalbliHblH eH Tuimai 6eniHyi
rpaBuTaLMANbIK cenapaTopaa 6onatbiHbiH KepceTTi - 34,2%. EpiTiHainey KeseHiHae KanalbiHbiH €H,
Timai 6eniHyi 45 ° C Temnepatypaga 100 rpamm / AUTP KOHLEHTPALMACHI 6ap KYKIPT KblWKbIbIHbIH,
cynbl epitiHaiciHae 6onaabl (1543 mkr / n).

TyliiH ce3dep: Kanaiibl, CbipbIMBET KEH OPHbI, FPaBUTALMANBIK BalbITy, epiTiHAINeY, KYKIPT KbllWKblAbl,
KacCUTepWUT, CTaHHUH.

CanuHos PycnaH Bukmoposu4

Asmopnaap mypanel aknapam:

— [.Cepikbaee ameiHOarbl LlbiFbic KazakcmaH MexHUKAbIK yHUs8epcumemiHiy «memansypaus»
MAMAHObIFbIHLIH 3 Kypc  OdokmopaHmel, OckemeH, KazakcmaH  Pecnybaukacel.  ORCID
ID:https://orcid.org/0000-0001-9334-5806 Email: SO00096504@ektu.kz

KyneHosea Hamanba AHamosnvesHa

— m.f.K., OoueHm, [l.Cepikbaes ameiHOarel LlbiFeic Ka3aKCMaH MEXHUKAAbLIK yHU8epcumemiHiH
«VERITAS» 03bIK 0amy opmanbifbiHbIH demeKuwici, OckemeH, KazakcmaH Pecnybaukacsi. ORCID ID:
https.//orcid.org/0000-0002-7063-4899 Email: NKulenova@ektu.kz

CadeHoea MapxaH AHyapbeKkoeHa

- Xx.f.K., [.Cepikbaes ameiHOarel LUbiFbic Ka3zakcmaH mexHuKasnelk yHusepcumemiHiH «VERITAS»
Hemindipy opmasbiFbiHbIH HemeKwi FoiabiMu Kbiamemekepi, ©ckemeH, KaszakcmaH Pecrybaukacel.
ORCID ID: https://orcid.org/0000-0002-2870-6668 E-mail: MSadenova@ektu.kz

BvpbaHos lMemvp Cvbes

— m.£.0., npoyecmepdi mypakmel UHMezpayuanay sepmxaHacel - SPIL, NETME opmansifel, MawuHa
Heacay ¢axkynememi, bpHo mexHonoauanelk yHusepcumemi - VUT BRNO, bpHo, Yex Pecnybaukacel.
ORCID ID: https.//orcid.org/0000-0001-5261-1645; Email: varbanov@fme.vutbr.cz

Knemew Upxcu Apomup

— [lpogeccop, m.f.0., npouecmepdi mypakmel uHMezpayusnay 3epmxaHacel - SPIL, NETME
opmarbiFel, MAWUHA ¥acay ¢akyasmemi, bpHO mexHosno2usAnblK yHusepcumemi - VUT BRNO, bpHo,
Yex Pecriybaukacst. ORCID ID: https://orcid.org/0000-0002-7450-7029; Email: jiri.klemes@vutbr.cz

CoctosiHue u nepcnexKkTusbl nepepa60TKM onoBsocoaepiKaulero cbipbA

B Ka3zaxcraHe

! CanuHos P.B., ! KyneHosa H.A, 1* CageHoBa M. A.’2Bbp6aHos .C.,2 Knemew 1.1.

1 BocmoyHo-KasaxcmaHcKkuli mexHuveckuli yHueepcumem um. [. Cepukbaesa, Ycmob-KameHozopck, KazaxcmaH

2 Jlabopamopus ycmoliyueol uHmezpayuu npoueccos - SPIL, Llenmp NETME, ¢hakysnemem MawuHoOCmMpoeHus,
TexHonoau4eckuli yHusepcumem bpHo - VUT BRNO, bpHo, Yewckas Pecnybauka

*3nekmpoHHaa nouma aemopa: MSadenova@ektu.kz

AHHOTAUMUA

B cTaTbe paccMaTpuBaETCA COBPEMEHHOE COCTOSIHWME M NEPCNEKTUBbI 0N0BAHHOM oTpacau Pecnybamnku
KasaxctaH. OueHKa NpoBOAMTCA C TOYKM 3PEHMA Pa3BUTUA OTEYECTBEHHOro NMPOM3BOACTBA O/10BA C
Y4YeTOM PacTyLiero MMpPOBOro CNPOCca U PasBUTMUA OTEYECTBEHHOMN BbICOKOTEXHO/OMMYHOM oTpacaun. B
nccneaoBaHme BK/KOYEHbI OCHOBHbIE OTEYECTBEHHbIE MCTOYHUKM CbipbeBOi 6a3bl 0/10Ba, B KOTOPYHO
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BXO4AT MUHEpPaNbHOE Cblipbe, TeXHOreHHbleé U BTOPUYHbIE OTXOAbI. I'Iocr(oany BaXKHENLWUM Aana
COBDeMeHHOi/‘I 0/10BAHHOM NPOMbBIWNEHHOCTN  ABNIAETCA  MUHEPa/sIbHOE  Cblpbe, WU3y4yanacb

Cratba noctynuna: 1 7 mapma 2021 BO3MOHOCTb KOMM/IEKCHOM nepepaboTku pyabl mecTopoxaeHua CobipbimbeT. Mo pesynbTatam
PeueH3nposaHue: 26 mapma 2021 NPOBEAEHHbIX WCCNEA0BAaHWI  YCTAHOB/MIEHO, YTO MWHEpaNbHOE 0/10BOCOAEpIKallee Cbipbe
MpuHAaTa B Nnevatb: 11 mas 2021 mectopoxaeHua CbipbiIMOeT MNOMMMO  KaccuUTEpPUTA COLEPXKUT TaKXKe KUCI0TopacTBOpUMble

0/10BOCOZEPIKaALLME MUHepasbl (CTaHHUH U Ap.). Ha cTaguu rpaBuTaLMOHHOrO oboraleHns Hambonee
3¢ PeKTUBHOE M3BNEYEHWA ON0BA B KOHLEHTPAT NOKasan rpaBUTALMOHHbIN cenapaTtop - 34,2%. Ha
cTaguu BbllenadmnsaHma Hambonee adpdpeKkTBHoe nssnedeHme onosa (1543 MKr / 1) nokasan BOAHbIN
pacTBOp CEPHOI KMCAOTbI C KOHUeHTpaumer 100 r / a npu Temnepatype 45 ° C.

Knroyesble cnoea: onoso, mecTopoxaeHne CobipbimbeT, rpaBuTauMoHHoe oboralyeHue,
BbllENaunBaHNE, CEPHAA KUCNOTA, KACCUTEPUT, CTAHHUH.
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Abstract

Currently, the National gas supply operator in Kazakhstan pays special attention to the rational
use of natural gas for its own and technological needs, while maintaining the optimal management
of the gas transportation system, taking into account the specific technical situation of the
equipment. Energy efficient management of gas pipelines is one of the priority directions for
optimizing gas costs. The use of innovative methods of energy-saving technologies during the
operation of the gas transmission system, an increase in the efficiency of gas-pumping units, as
well as the implementation of automated energy saving control systems, will significantly increase
the efficiency of gas transportation.
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Introduction of the energy receipt, in some cases, is at the level of
20 -22%.
Comprimination of gas at compressor stations The energy efficient mode of operation of the

(COP) is the most energy-intensive thermal power ~ compressor station is the mode in which the
process in the gas industry, therefore the problem of ~ necessary technological indicators of the main gas
reducing energy costs will first of all be aimed at  Pipeline is provided (performance, working pressure
improving the efficiency of compressor stations as  and temperature) at a minimum of electricity costs
basic consumers of fuel and energy resources. This  (for COP with electric parking lot gas-pumping units
task is largely enhanced, if we take into account that ~ (GPU)) and minimum fuel gas costs (for COP with gas
the efficiency of gas turbine installations operated  turbine Park GPU).

on gas pipelines (GTU), the total capacity of which is One of the priority activities of the Operator is
over 80% of the power of all other specified species ~ to improve the efficiency of the use of fuel and

— 45 ——


mailto:moldabayeva@gmail.com
mailto:830809400443-D@stud.satbayev.university
https://creativecommons.org/licenses/by-nc-nd/3.0/

KomnnekcHoe Ncnonb3osaHne MuHepanbHoro Ceipbs. Ne2 (317), 2021

ISSN-L 2616-6445, ISSN 2224-5243

energy resources (FER) - natural gas, electricity and
thermal energy.
Methods

In the conditions of using different types of
equipment at compressor stations with individual
characteristics, the task of developing methods for
modeling the analytical dependencies of the
equipment, taking into account the actual technical
condition, is relevant. Optimization of the
technological modes of natural gas transportation
will increase the energy efficiency of the compressor
stations of the main gas pipeline.

Research

To effectively manage, control, calculate and
optimize the operation of gas pumping units (GPU)
of a compressor station (COP), it is necessary to
adapt mathematical models describing the
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relationship between technological parameters,
taking into account the technical condition [4, 7].

The GPU consists of a natural gas supercharger,
a discharge drive, suction and exhaust devices (in
the case of a gas turbine drive), automation systems,
oil-systems, fuel-air and oil communications and
auxiliary equipment.

GPU on the type of forcing distinguish between
reciprocating gas compressors (gas engine
compressors) and GPU  with  centrifugal
superchargers; type of drive - GPU with a gas
internal combustion engine (gas engines), with gas
turbine drive and electric.

GPU with a gas turbine drive, in turn, are divided
into units with a stationary gas turbine installation
and a drive for aircraft and gas turbine engines [1, 2,
3].

A reciprocating gas engine compressor is a GPU
consisting of a two - or four-stroke gas engine (or
electric motor) and a horizontal reciprocating
compressor connected directly to it. They are
divided into low, medium and high pressure units.

Figure 1 - Gas-pumping block-container unit GPU-C-16 with air drive: 1-inlet air purifier; 2-oil radiators; 3-aircraft
drive NK-16 KT; 4-exhaust device with noise silencer; 5-natural gas supercharger; 6-oil tank of the unit; 7-base metal
frame of the unit; 8-power turbine of the unit; 9-under-engine frame of the air drive
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Figure 2- Pressure and temperature changes along the MG Beineu-Akarys highway
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Figure 3- Technological scheme of the section of the MG "Makat-North Caucasus" with 362-370 km

Medium-pressure compressors (2-5 MPa)
operate mainly at intermediate compressor stations
to increase the throughput of gas pipelines. High-
pressure units (9.8-12 MPa) are installed at
compressor stations for pumping gas to
underground storage facilities.

Gas motor compressors are highly efficient in
conditions of variable capacities and compression
ratios above 1.3. The main advantages of these GPU
are: reliability in operation; long service life; the
ability to operate in a wide range of pressures; the
ability to regulate performance by changing the
speed of the units, as well as the ability to create
high pressures in them. The efficiency of modern gas
engine compressors is up to 45%.1.

Table 1 - Pipe and gas parameters of Makat-North
Caucasus gas Station

Pipe and gas parameters

Outer diameter mm 1067
Wall thickness mm 12,1
The /nne'*r diameter mm 1042,8
of the pipe
Pipe r.o.ughness mm 0,03
coefficient-t
Gas density kg/m?
Air density at 293 K 3
and 0.1013 MPa kg/m’ | 1,205
Density by air 0,586
Coefficient of 0,941
unevenness

. . kg power | 0,0000012
Dynamic viscosity sec/m? 706
Efficiency 0.95
coefficient

There are single-stage (incomplete-pressure)
centrifugal superchargers with a compression ratio
of 1.23-1.25 and two-stage (full-pressure) - 1.45-1.7.
Centrifugal superchargers are characterized by a

significantly  higher capacity than that of
reciprocating compressors (12-40 million m3 / day).

The disadvantage of partial pressure centrifugal
blowers is that to achieve a gas compression ratio of
1.45-1.5, it is necessary to start 2 series-connected
units. This leads to an increase in fuel consumption
in the GPU. The efficiency of units with centrifugal
fans is up to 29%, thermoregulators - up to 35%. The
GPU is controlled by a gas turbine unit or an electric
motor [4, 5, 6].

Gas turbine units of aircraft and ship types
(stationary) are characterized by small dimensions
and weight, which allows them to be modified on
the production site and delivered to the compressor
stations in a ready-made form. Gas-pumping units
controlled by aircraft units are made in the form of
block containers. It is delivered to compressor
stations with fire and explosion protection systems.
In the GPU, asynchronous motors with a capacity of
4500 kW and synchronous motors from 4000 to
12,500 kW are used as electric drives. The maximum
efficiency of the gas pumping unit with an electric
drive is achieved when the compressor stations are
located at a distance of 300 km from the power line.

Automation systems have been created for
all types of GPU, providing automatic start-up and
operation of the unit, protection in emergency
modes, fault signaling and protective actions, and
monitoring of volume indicators. fan, automatic
maintenance of the set temperature and oil
pressure in case of emergency shutdown of the unit,
etc.

Each type of compressor has its own design
and functional characteristics. Therefore, when
choosing a compressor or accelerator for your
graphics processor, it is important to fully consider
its operating conditions and performance
requirements [5]. The following parameters are
considered important:

- the volume of the pumped gas and the pressure
and temperature of the gas inlet/outlet;
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- chemical composition and humidity of the
injected gas;

Characteristics of the GPU installation site
(maximum and minimum air temperature, altitude
above sea level); type of disk used;

- annual working time;

- performance class (explosion, earthquake,
etc.);

- permissible amount of oil in the exhaust gas;

- type of automation (electric or pneumatic).

Certain types of compressors are best used
in the following conditions:

Piston compressor - high degrees of
pressure increase and high absolute pressures,
variable modes, relatively small flows and capacities
(up to 6 MW).

Screw compressor - high degrees of pressure
increase at low absolute pressures and small
pressure drops, variable modes, relatively small
flows and capacities (up to 2000 kW) [1, 2, 7].

Centrifugal compressor - large flows and
capacities, preferably small degrees of pressure
increase and low absolute pressures, constant
modes.

It can be noted that the issue of energy
saving should be solved using an integrated
approach and considered from the point of view of
the operation of the entire gas transmission system
as a whole. When calculating the operating modes
of the Gas transmission system, the actual gas-
dynamic characteristics of the COP equipment,
obtained on the basis of the passport characteristics
of the equipment, should be used.

In accordance with the Concept of Energy
Saving, one of the directions of implementing the
energy saving and energy efficiency policy is to
improve the efficiency of energy saving
management, including improving its organizational
structure, monitoring the level of energy saving and
energy efficiency, and developing the regulatory
framework for energy saving. Currently, energy

(aPy,)
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saving in the industry is implemented in accordance
with regulatory documents.

To plan and implement energy-saving
measures in gas transmission Companies, energy-
saving programs are drawn up for a certain period of
time.

In the energy saving program, they form:

- energy saving targets;

- energy efficiency targets;

- integral results of the assessment of the economic
efficiency of the implementation of energy-saving
results and projects based on the implementation of
the best achieved technologies;

- a set of organizational and technical measures to
improve energy efficiency in the field of energy
saving, including measures based on the results of
energy surveys of technological facilities for all types
of activities;

- the speed of rotation of the rotor of centrifugal
superchargers.

The efficiency of gas transport depends on
both operating modes and on the technical
condition of the equipment of compressor stations.
The efficiency of the COP is determined by the type
and state of the GPU. Currently, a significant part of
the GPU on the COP has operational efficiency,
significantly lower than the passport value, which
leads to a significant overcurrent of fuel gas to the
pump. This is due to two factors - a decrease in the
technical condition of the GPU (which, ultimately,
leads to the need to replace them) and their
underload, which requires solving the problem of
optimizing the operation of the COP. Periodic
update of the GPU on the COP is the necessary and
legitarious way to improve gas transport indicators
in general and reduce energy consumption for its
implementation. The main transport of natural gas
has the greatest potential for saving, there are
known typical energy-saving measures used in the
main transport of gas.

Te ) wQme'

Figure 4 - Schematic diagram of the measurement of technological parameters by standard means using Sauer
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Innovative energy-saving technologies for
the reconstruction and modernization of the gas
transmission system include:

- increasing the capacity of the GPU, taking into
account the planned volumes of transported natural
gas and the prospects for loading the pipeline;

- the use of axial compressors on gas turbine and
electric GPU with an efficiency of up to 85%,
providing a reduction in fuel gas consumption of up
to 7%;

- improving the efficiency of low-pressure modes of
gas transport on unloaded gas pipelines or on
individual sections of gas transmission systems (the
effect in saving fuel gas can be up to 8%);

- coordination of gas-dynamic characteristics of gas
turbine units and gas pipelines due to the
introduction of new high-efficiency flow parts in gas
turbine and electric compressor shops (COP) and the
transfer of shops to more economical full-pressure
compression with re-linking of units (the effect of
saving fuel gas and electricity can reach 9%);

Innovative energy-saving technologies in the
operation of the gas transmission system:

- optimization of GTS operating modes based on
software optimization systems (the effect of fuel
economy can reach 3%);

- optimization of the operating modes of gas cooling
devices based on the use of modern electric drives
(the effect in saving electrical energy can reach
15%);

- introduction of turbo-expander units at GTS
facilities for electric power generation;

- the use of gas-piston power plants of a new
generation with high efficiency, which allows you to
get the effect of saving gas consumption for your
own needs up to 25%;

- increasing the hydraulic efficiency of the linear part
and compressor considering streaming download
pipelines based on sets of cameras launching and
receiving treatment devices in the linear part,
allowing for the cleaning of pipelines timely
diagnosis and repairs to keep the hydraulic efficiency
of the linear part at the normative level (the effect
in saving of fuel gas consumption GPU in
compression reaches 2%);

- improvement of methods and systems for waste
heat recovery of the exhaust gas at compressor
stations;

- equipment of technological equipment with
modern means of measuring the production and
consumption of energy resources.

During operation of gas delivery systems to
ensure energy efficiency objectives to cs gas

pipelines it is necessary to assess the basic
technological performance GPU: gas Turbine power
plant, fuel consumption, effective efficiency, the
coefficients of the technical condition and the
flowing parts of gas turbines and centrifugal
compressors.

On COP equipped with automatic control
systems of the GPU, these indicators should be
determined in real time. However, at the COP, even
when equipped at the shop level with
microprocessor-based control and control systems,
the GPU is not determined with the necessary
accuracy. In this regard, the operating personnel do
not have the important information necessary to
ensure the energy-efficient operation of the GPU at
the compressor stations.

The reason is the lack of simple, but at the
same time quite accurate methods and algorithms
for determining the technical indicators of GTP. The
methods should also be universal with the possibility
of adaptation for any type of GTP.

Energy-saving issues should not be solved
periodically, but constantly. Of particular
importance in this case is the dispatching control of
the main gas transport.

If multiple modes of operation of
technological equipment, the CS decided a complex
set of tasks: information software and dispatching
services; organization of accounting of a
consumption of gas on their own and technological
needs of the COP; operational cooperation dispatch
service with the production and dispatch service
operator in providing technology compression at the
transport of gas.

In the information software of dispatching
tasks, diagrams of the given characteristics of the
GPU are usually used for the calculation. These
diagrams have a number of drawbacks: the given
characteristics are not constant (they undergo
deformation with the operating time of the
aggregates), in addition, they are obtained according
to a number of assumptions.

In this regard, an alternative analytical
method is used to calculate the operational
characteristics of the GPU of compressor stations,
develop a system of initial and converted values of
fuel and energy indicators of the GPU, solve the
problem of the influence of the adiabatic efficiency
of the axial compressor and turbine, the efficiency of
the combustion chamber on the output indicators of
the GTP-effective power and efficiency, fuel gas
consumption and commercial performance of the
GPU.
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The deterioration of the efficiency of the
main elements to varying degrees affects the
deterioration of the main characteristics of the GPU.
So, while reducing the adiabatic efficiency of the
axial compressor 5-10% effective capacity and
commercial performance decrease by 15-32%,
respectively, and decreasing the adiabatic efficiency
of the gas turbine at 5 and 10% capacity and
performance reduced by 20% and 39%. Commercial
performance depends more on the adiabatic
efficiency of the axial compressor and turbine than
on the polytropic efficiency of the centrifugal
supercharger, for example, if the latter is reduced by
5%, commercial performance also decreases by 5%.

Increase the efficiency of gas turbines, a new
generation can be achieved by increasing the gas
temperature before the turbine and the pressure
ratio of an axial compressor, but the implementation
of such indicators is complicated by the degradation
of gas turbines and ensuring the assigned resource
GTP becomes difficult without the use of new design
solutions and material with high heat resistance.

On the example of regulating the operating
modes of the three-shaft installation of the GPU -10
"Wave", the characteristics of the control panel =f
(tvx, N) are used in graphical form (Fig. 5).

The paper considers a method of
modernization of a gas turbine plant for energy
saving purposes. This goal is achieved by the system
of injection of prepared water into the combustion
chamber in an amount that allows you to completely
replace the main purpose of secondary air in the
heat balance of the GTP.

The Gorenje water, entering the annular
space between the casing (housing) and the
combustion chamber heat pipe, instantly
evaporates due to the high temperature of the walls

of the heat pipe under the action of the combustion
zone inside the heat pipe; the flame temperature
reaches 1800-2200 °C. The vapor formed during
evaporation with a temperature of 250-350 °C plays
the role of secondary air.

In order to increase the efficiency of the
GPU, we consider the option of mixing natural gas
with hydrogen, which has a higher flame
propagation speed, wider ignition limits, while
reducing the fuel gas consumption.

The technical condition of the GPU,
determined by the quality of its manufacture,
installation on the COP and repairs carried out,
significantly affects the consumption of energy
resources. The coefficient of technical condition for
the power of a gas turbine driven GPU is usually at
the level of 0.85 - 0.90 and even lower, and the
efficiency of the operated units is significantly lower
than the design level, which can not but affect the
reduction in the indicators of natural gas transport.
Calculations show that the fuel gas consumption on
the gas turbine drive can be reduced by 5 - 6% only
by improving the quality of the repairs carried out by
the gas turbine engine.

To assess the possibility of calculation,
simulation and synchronization of modes of
operation of gas turbines and mill in the composition
of the GPU method of power balance
proizvedeniiakh the technical condition for power
turbines and mill on the basis of the data industry
performance measurements. The reference values
of power consumption for a turbine of the
supercharger (next — T) system "GTP- mill" is defined
capacity values for each industrial measurement on
the basis of gas-dynamic parameters of the flow of
gas through the mill by the method of "enthalpy"
[17, 18]:
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Figure 5 - The dependence of the speed of the high-pressure stage on the air temperature at the engine inlet
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reconstruction

NE=Ni+ANM+NT, (1)

where Ni is the internal power of the pulp and paper
mill, kW;

ANM-mechanical losses in the pulp and paper mill,
kW;

NT — heat loss of the CBN to the environment, kW.
NFH]'GH (2)

where Hi; is the internal specific work of the pulp and
paper mill, kl/kg;

Gu — mass flow rate of gas through the flow part of
the pulp and paper mill, kg/ s.
Hi=|2H—|1H (3)

where |y and |y are the enthalpy of the pumped
natural gas in the sections of the inlet and outlet
pipes of the pulp and paper mill, kl/kg.

NT=CXT'F'(TH—TA)'10_3 (4)

where o7 is the coefficient of heat transfer to the

environment, according to [17, 18], for performing
estimated calculations, it is allowed to take [4, 5, 10]

BT
(11'214 ﬁ'

F the surface area of pulp and paper mill (passport
size, also can be determined using the procedure of
laser surface scan PPM), m?;

Tw, Ta the average temperatures of the pulp
mill housing (can be determined by thermal imaging
of the surface of the pulp mill housing or overhead
temperature sensors) and the ambient air.
According to [15, 16, 17] the mechanical

losses of GPU ANm do not exceed 1.0-1.5% of the

power consumption. The most reliable assessment

of mechanical losses can be made with the use of
torque meters

installed on the shaft of the
supercharger turbine (power turbine) or special
tests in the factory. More detailed thermal and
gasdynamic calculations using the "enthalpy"
method (as well as the "Schultz" method) are
described in the methodology [14, 13].

In the design, construction and
of compressor stations, it s
necessary that the main equipment and auxiliary
equipment comply with the following aspects:

- If the requirements of the design capacity
at the plant are met with the design volume of gas

transportation, the installed gas turbine units must
provide highly efficient transportation of the
required volumes of gas over long distances;

- The units must provide convenience during
operation and repair work;

-For the convenience of operation, maintenance and
maintenance, it is necessary to use gas pumping
units of the same model at the station. Gas pumping
units must work effectively under the climatic
conditions of this station.

- Based on the experience of using the units, as well
as taking into account the needs and parameters of
this gas pipeline, the GPU should be able to repair in
the conditions of the COP;

- The compressors must meet the relevant operating
requirements in accordance with the volumes of gas
transportation over the years, taking into account
the possibility of adapting to changing (adapt to
changes) volumes of gas transportation. The
efficiency of the compressors at the design volume
of gas transportation should be maximum, the
compressors should work highly efficiently in all
possible operating modes.

The use of centrifugal compressors with an
electric drive, equipped with an appropriate system
of power supply, distribution, and energy supply,
can fully meet the needs of working with various
changes in the situation on the pipeline. Usually, the
presence of several sources of cheap electricity in
the construction area of the COP can serve as a basis
for making a decision to use an electric drive.

The following technical and economic
criteria should be applied to solve the tasks of
selecting a GPU and constructing a COP:

- minimum input capacity (GPU);

- maximum reliability of the COP operation at a given
performance;

- minimum capital expenditures for equipment and
operating costs for the CS.

Guided by the generally accepted design
standards in the oil and gas industry, the
recommended number of GPU, their unit capacity,
and technological characteristics should be
determined by the results of appropriate
calculations and comparative analyses.

The number of units should be calculated
based on the estimated capacity for the COP as a
whole, taking into account the available capacity of
one GPU. The available power of the GPU depends
on the operating conditions (ambient temperature,
high-altitude location of the GPU), as well as the
characteristics of the GPU itself, provided by the
manufacturer.
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For the long-distance transportation of
natural gas through a pipeline, a centrifugal
compressor is mainly used.

The centrifugal type compressor refers to
high-speed units, the effective operation of which is
possible only in conditions of high rotational speeds.
The selected drive can be a gas turbine unit, or an
electric motor. To transport large volumes of gas
over long distances, gas turbine units are mainly
used as the drive of the GPU centrifugal compressor.

The main advantage of the centrifugal
compressor is a large pumping volume, large
capacity of a single unit, small relative weight, simple
design, small footprint, high operating efficiency,
stable gas flow volume, low noise, convenient
operation, long service life, low maintenance costs,
while the compressed gas does not come into
contact with the lubricating oil of the compressor
mechanisms, so high quality gas transportation is
ensured.

Modern centrifugal compressors have a wide
range of performance, being machines with minimal
maintenance costs with a long service life, have an
efficient dry gas sealing system (DGS), do not require
reducing the number of revolutions or can be
connected to the drive shaft through a coupling. [10]

Introduction of automated energy-saving
management systems, hereinafter referred to as the
Automated Power Supply Management System, is
intended for monitoring and accounting of COP
power supply facilities.

The COP management system is built as
distributed with the decentralization of individual
management functions. The goals of creating an
integrated automated process control system and ES
are:

improving the efficiency and quality of
decision-making on the management of energy
supply and gas supply system;

improving the reliability of gas and power
supply, rapid elimination of pre-emergency and
emergency modes, with subsequent analysis of
emergency situations;

technical and commercial accounting of gas
and electricity consumption; introduction of
equipment operation diagnostics.

The COP APSMS are designed for automated
control and real-time control of the compressor
station power supply, as well as for transmitting the
necessary information to the CS APSMS. [9, 11-16]

The objectives of the establishment of the
APSMS are:

- improving the efficiency of energy supply quality
management;

- improving the reliability of power supply;

- improvement of the system of accounting for the
quantity and quality of electricity received;

- accounting and control of electricity consumption;
- timely submission of reliable information to
operational personnel on the progress of the
technological process, the state of equipment and
controls; reduction of unproductive costs and
energy losses;

- improvement of primary equipment diagnostics
and reduction of equipment repair costs; provision
of personnel with retrospective technological
information;

- the possibility of including the APSMS in automated
systems of the highest level.

Save energy. The gas industry annually
consumes tens of billions of kilowatt-hours of
electricity, so the economical use of this energy is an
urgent task. The main sources of its savings are the
introduction of rational technological regimes based
on the achievements of science and technology, the
rationalization of power supply schemes, the
improvement of the operation of energy and
technological equipment, the introduction of new
technology and progressive electricity consumption
standards.

It is important to properly account for and
analyze the specific energy consumption per unit of
production. This is one of the main indicators that
characterize the technical and economic level of
production in general and the degree of rational
management of the electric economy. The norms of
specific electricity consumption allow you to control
the state of production by comparing the actual
consumption with the recommended or normalized
one obtained over a long period of operation at a
similar production or a separate production process
[6, 14, 15].

Conclusions

The application of the approaches discussed
in the design and reconstruction of compressor
stations will improve the energy efficiency indicators
of the COP, reduce the power consumption of
compressor stations and reduce the cost of fuel gas.
The calculation and selection of the main electric
power equipment should be carried out taking into
account the maximum savings and reduction of
electricity losses due to the selection of optimal
technical characteristics, possible operating modes
of the equipment.
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The use of electrical equipment that meets
the modern requirements of international standards
should be provided.

For example, measures to heat and increase
the temperature of the fuel gas at the inlet of gas-
piston power plants provide less gas consumption
for electricity generation. A modern control system
for parallel operation of generators will ensure an
even distribution of the load between the
installations, save the equipment from premature
wear, and increase the inter-repair periods.

Also, the utilization of the heat of the
exhaust gases for heating the air supplied for mixing
with the fuel gas can serve to increase the efficiency
of using gas-piston power plants. Rational loading of
generators when the CS is not running at full
capacity allows you to save fuel gas, extend the life
of the equipment.
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ABSTRACT

The article presents research data on the effectiveness of impregnation with polysulfide solutions of limestone-
shell rock used as a facing and wall material, as well as for the manufacture of road products. It is established
that for calcium polysulfide, when they are diluted with water or mixed with acid solutions, primary sulfur
nanoparticles with an average size of 20 nm are formed, which are subsequently enlarged in two stages to
micron sizes. Modification of limestone-shell rock with the impregnating composition developed by us — an
aqueous sulfur-containing solution based on calcium polysulfide, containing alcohols and surfactants - can
significantly reduce their water absorption and increase their durability. Processing of shell limestone with a
solution of calcium polysulfide provides education on the surface of the pores of the stone coating based on
nano-sulfur, which partially fills the pore space and having water repellency, reduce water absorption of the
samples 5-8 times, increases the average density of 22-27%, the strength of 1.2—-1.3 times, softening coefficient
—in 6-19%, which allows to predict the increase of durability of building materials on the basis of limestone up
to 1.5-2 times or more. The impregnation of wall, facing and road construction materials and products made
of limestone-shell with a polysulfide composition allows to improve their operational properties, increase their
resistance to atmospheric influences, and expand their scope of application in climatic conditions.

Keywords: sulfur, nanoparticles, calcium polysulfide, polysulfide, synthesis, limestone, shell rock.
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TYWNIHAEME

KanTay aHe Kabblpfa maTepuangapbl peTiHAe, COHAAN-aK KypblabiC-}KON MaTepuangapbl petiHae
KONA@HbINATbIH 9KTaC-yyTacTbl noancynbGuATi epiTiHainepimeH CiHaipy 6oibiHIWLa 3epTTey AepekTepi
YCbIHbINFAH. Kanbunin nonmcynbduaiH cymeH CymbINTy HEMECE KbIWKbIA epiTiHginepiMeH apanacTbipy
KesiHae opTawa menwepi 20 HM 6onaTbiH KYKIpTTiH, 6acTankbl HaHobeWeKTepi naliaa 6onaTbiHAbIFbI
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aHbIKTaNAbl, 0Nap KeNiHHEH eKi caTblga MUKPOH MeLwepiHe aeliH yakelieai. bi3 asipaereH, KypambiHaa
cnupTTep meH BA3 6ap KyKipT HerisiHaeri KanbLuii noamcynbduaiHiH, cynbl epiTiHAaiciHiH, abcopbumanbik,
KYPambl SKTac-y/NyTacTblH, ©3repyiH asaTagpl - Onapfa CyaplH, CiHyiH eaayip TemeHaeTin, TesimainiriH
apTTbipagpl. Kanbunii nonncynbduaiHin, epiTiHaiCiMeH aKTac-ynyTacTbl ©HAEreHAe TaCTblH KeyeKTepiHiH,
beTiHoe HaHoMenwepi KyKipT HerisiHaeri XabblH naiga 6onafbl, ON KeyeKTep KeHICTiriH iwiHapa
TONTLIPbIN, TMAPOPO6TLI OpTa Ty3iN, CbiHAManapFa cy CiHy menwepiH 5-8 ece TemeHaeTei, onapabiH,
OpTaLLa TbIFbI3AbIFbl 22-27%-Fa, KaTTbiNblFbl 1,2-1,3 ece, skymcapTy KoadpduumeHTi 6-19% - Fa apTaabl, byn
©3 Ke3eriHfe aKTac-ynyTac HerisiHAe Kypblablic MaTepuanfapbiHbiH, KONAaHbICbIH 1,5-2 ecere aeliH
ecipyre MymkiHaik 6epeai. KabbipFanbik, KanTafbil XKaHe KON Kypblibic MaTepuangapbl MeH JKTac-
yAyTacTaH acanfaH byibimaapasl noavcynbGUATI KOMNO3ULMACLIMEH CiHAIPY OnapAblH, NaiganaHy
KacMeTTepiH XakcapTyfa, aTmocdepanblk acepaepre Te3iMAiNiriH apTTbipyFa, KAMMaTTbIK Kafaalinapaa
0N1apAblIH KONAAHbINY ayKbIMbIH KEHENUTYre MyMKiHAIK bepea,.

Tyliin ce3dep: Kykipm, HaHobenwekmep, Kaneyul noaucyabeudi, noaucynsgud, cuHmes, akmac,
yaymac.
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Kipicne
WeriHai Tay KblHbICbl — OKTAC-YAYTACTbiH,
KacueTTepi, KypblAbIMAbIK epeKLlenikrepi XaHe

KYPambl OHbl XasblK, LUApyaLbl/blfblHbIH, KONTereH

cananapbiHA@ KeHiHeH KOoNAaHyfa  MYMKIHAIK
bepega,. KepamuKanslik, Kipniwke yKcac
cvnatTamanapgaH acbIn TYCETIH CoHAiK

KacueTTepiHiH, eHAeyAiH, KapanalibiMablablfblHbIH,
SKONOTUANDIK Ta3a KaHEe Kby OTKI3rilTiriHiH, 6y
YKOHe aya OTKI3riWTiriHiH apKacbiHAA yayTac TYPFbIH
YM KypblabICbiHAA KabblpFa }KaHe apsiey maTepuanbl
peTiHae KongaHblnagbl [1].

KypblabiC  canacblHAa@  Y/YyTac-dKTaC  YJIKeH
Kenemzae Kecek Tac, JaHa TypiHAe Kabbipfa Tachl
¥KoHe KanKanblk 610KTap, MHTepbepai beseHaipyre
apHanfaH TaKTauwanap, TpoTyap NAUTKanapel,
YKMEK TacTap, caTbl 3N1eMeHTTepi, Kopwaynap, 6eTTik
COHAIK  3anemeHTTep, NaHAwadTblK  AM3aliH
06beKTINEPI, WaFbIH COYNET HblCaHAAPbI, COHAAN-aK,
KMbIPLLbIK TAC *KaHEe KyM TypiHAe KongaHblnaasl [2].

Ka3saKcTaHaa aKTac-yayTtacTbiH, 100-re XyblIK KeH
OpHbl bapnaHfaH. YAKeH Kenemae eHAipy eTiban,
Beiney, ContycrTik-LWbIfbIC, KapamaHgblbac,
BewKyablk, Kapakyc, Cactebe KeH opblHOAPbIHAS,
®opr-LLeByeHkKo, CapTtaw ayAaHaapbiHAaa,
KbI3blIKYM engi mekeHiHae, MyHalinbl ayaaHblHbIH,
Kypblk, aybliblHOa XKaHe 6Gacka pa bHipkaTap
Kapbepnepae Kyprisineai. KasakctaHga oKTac-
YNIYTacTbIH, eaayip 6apnaHfaH kKopaapbl (180 mMaH. T
acTam) KoHe TacTbl BOHAIPYAiH, CanbiCTbipManbl
ToMeH ©3iHAiK KyHbl (3500-5000 Tr/m3), OHbI
KYPbI/bIC CanacblHAa nakaanaHyabiH 6onalasbl 30p
eKeHiH KepceTeai [3].

dKcnepumeHTanabik 6enim

bi3giH XymbicbiMmbi3ga bentHey, ConTyCTik-
WeiFbic, MeTibalh KeH oOpbIHAAPbLIHbIH, SKTACTbI-
YAYTACTbl LWMKi3aTbl TaHAanbin anbiHAbl. LWeriHai
TEKTi 300reHAiK Tay XblHbICbl peTiHAe oKTac-
YAYTaCTblH,  KYpPblIbIMbl  KaJlbLUUT  LEeMeHTIMeH
bekiTireH yaytactap MeH VAyTacTblK —AeTpuT
HerisiHge opTypni Kocrmanapbl 6ap  Kanbuwit
KapboHaTbIHbIH, KOChacblH Kypaihabl [4]. OKTac
KYpblibIMAapbl  9PTYPAI  KEH OpblHAApbl  YLiH
aviTapnbikTan epekweneHeai (1-cyper).

Cypert 1 - OKTac-ynyTac yarinepiHiH, KypblabiMbl:
a-ConTtycTik-LUbIFbiC KEH OpPHbI;
6-beliHey KeH opHbI; c-}eTibalh KeH oOpHbI

OpaH 9pi  KyMbIC rKacay MaKCaTbiHAA
BeiiHey, eTibalt xaHe ConTycTik-LUbIFbiC KeH
OpblHAAPbIHAAFbI SKTAC — yayTacTapablH, ¢azanbik
Kypambl 3epTtTengi. POA tangay Cuk, — coynenenyui,

B-cysrini OPOH-3 aBTOMaTTaHAbIpbIAFAH

avdpakTomeTpae Kyprisingi.
OndpakTorpammanapabl TYCipyAiH,

wapTtrapbl: 1=20 mA, U=35 KkB; cyperti 6-20

WapTbiHAA TYCipY; AeTeKTop 2 rpad/muH. apTbinal
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CaHAbIK Herisgeri peHTreHdasanblk Tangay TeHaen
6eniKTi cbiHamanap MeH *KacaHabl Kocrnasiap aficiH
KO/M4aHa OTbIPbIN YHTAK, yArinepaiH AudpakLmanbiK,
3aHAbINbIKTapbl HerisiHae Kyprisingi. ®aszanapabiH,
CaHAbIK, KaTblHacTapbl aHbIKTANAbI.
Oundpaktorpammanapgbih, MHTepnpeTaLnacbiH
TyciHgipy ICDD KapTOTeKacbiHblH, AepeKTepiH
KongaHbin, PDF2 yHTakTbl AUGPAKTOMETPUANDIK,
nepektepaid, 6asacbiH (Powder Diffraction File)

)K9He  KocmanapdaH Tasa  MUHepangapAbliH
AnbpaKkTorpammanapbiH naganaHa OTbIpbIN
XKyprisingi.

Kecte 1 - baTtbic Ka3aKkcTaH KeH OpblHAAPbIHbIH, dKTac-
yayTac yAarinepiHii, ¢asanbik Kypambl (POA aepekTepi
60MbIHLWA).

YnriHiH ataybl Kanbuutr | AparoHut | flonomut
belHey KeH 79,0% 21,0%

OpPHbIHbIH, 9KTaC-

yNyTacobl

belHey KeH 84,5% 15,5%

OpPHbIHbIH, 9KTaC-

yAayTacol

ConTycTik-LbIFbIC 100% _
KEH OPHbIHbIH,

9KTacC-yayTachl

eTibalt KeH 94,5 % 5,5%

OPHbIHbIH, BKTaC-
yAyTachl

POK HoTMKenepiH Tangay aHe baTtbic
KasakcTaH KeH OpblHAApPbIHAH ajblHFaH 9KTac-
y/IyTac yArifepiHiH, peHTreHAiK-CNeKkTpAiK Tangaybl
onapabiH,  ¢daszanbik KYPaMbIHOAFbI eneyni
ablpMalLblIbIKTapAbl aHbIKTayFa MYMKIHAIK 6epai.
ConTtycTik-LWUbIFbIC KeH OpHbIHbIH, 9KTac-yayTachl
100% KanbunTTeH Typaapl. KeTiballt KeH OPHbIHbIH,
9KTac-ynyTacbiHAa 5,5% ponomut, Kynaipy KesiHge
marHesmangbl 9K Ty3egi, an beilHey KeH OpPHbIHbIH,
9KTac-ynyTacbiHbIH, yarinepi 15,5% - gaH 21% - fa
LeRiH aparoHUTTEH TypaTblHbl aHbIKTaNabl.

beilHey  aKTac-ynyTacbl  KocCnanapabl,
KOKTbIFbIMEH epeKweneHai, byn Kanbuuii okcuai
KpUCTanaapbiHbIH, HaHO-KyMre aybICYbIH
KaMTamacbl3 eTTi K9He KypaMblHAAQ KYKRipT 6ap

epiTiHainepai cuHTe3dey NPOLECIHIH, KyLUetoiHe
biknan etti. KypamblHblH, ~ 6acTbl  epekLeniri
aparoHuTTiH wamameH 20% 6onybl.  AparoHuT

Ka/NbLMTKE KapaFaHaa KaTtTblpak, (KaTTblablfbl 3,5 —
4) skaHe Tbifbl3 (TbIfbI3AblfFbl 2,9 — 3,0), aN KanbLUUTTIH,
TbifbI34bIfbl 2,6-2,8 WamacbliH KepceTTi.

KypbinbICTa  9KTaC-yayTacCTblH,  KEHiHeH
KON4aHblNyblHA  KapamacTaH, OHbIH,  KypblibiC

MmaTepuangdapbiHbiH,  eHimAiniri meH 6epiKTiriH
TOMeHOeTeTiH Kenbip KemwinikTepiH atan ety
KepeK. OKTac-yaytac rUrpockonuanbik 6onagbl,
KeyekTiniri 22-50% KypanTblH Y/AKEH KenemimeH
cunaTTanagpl, cyAa asjan  epuai, KblWKbia
KOCbINIbICTAPMEH KaHbIKKaH *Kep acTbl Cyaapbl MeH
aTmocdepanblK KayblH—LIALWbIHHbIH, 3cepi Ke3iHae

€pY  KapKblHAbINbIFbI  apTagbl. byn  OHbIH
canbICTbipManbl TypAe aAsfa Tesimainiri  (as3fa
Tesimainik aedreni F15 - F35) meH cymeH

KaHbIKKaHOafbl 6OepiKTiK KacueTiHiH TemeHaeyiH
anablH-ana aHbIKTanapl, *Kymcapy Ko3apPULMEHTIHIH
MaHi 0,6-0,9 wamacbiH Kyparabl. COHbIMEH KaTap,
Kenbip weriHainepaeH TypaTblH 9KTac-yayTacKa
CaHblpayKynaKTap 3UAHbIH Turiseai. byn
MaTepuanapiH, KeyeK KYPbINbIMbl MeH
rMrPOCKONMACLHI MaTepuanablH, Keyek KeHiCTiriHiH
3aKbIMAaNnyblHA biknan eteai. Ocbliakiwa, aKTacTaH
YKacanfaH KypblibiC MaTepuangapbiH blAfangaH
KOpfay ’*KoHe onapablH  6epikTiriH  apTTbipy
macenenepi e3ekti 60nbin Tabblnaabl.

KeyeKTi  Kypblabic  maTepuangapbliHblH,
OHbIH iWiHAEe SKTac-ynyTacTblH, CyAbl CiHipyiH
TOMeHAEeTy MaKcaTbiHAa Kasipri YaKbITTa

OpraHuKanblK, KaHe KpeMHUNOpPraHUKanbIK,
Herisgeri rmapodobusatopsiap MeH KOopfaHbIWTbI
*KabblHgap naiaanaHbliagbl. KopfaHbiw *KabbiHaap
maTepuanapiH, 6eTiHae KyKa KabblK  Tysegi,
KeyeKkTepre eHeTiH Cy MenlwepiH asaihTagbl. byn
*KabblHAApAbIH, HEri3ri KemwinikTepi, aya-panblHbIH,
ocepiHeH Te3  Oy3bliybl  KOHE  KOpPFaHbIL
KOCbINbICTapbI MeH rmgpodobusaTopnapabiy,
canbICTblpMasbl TypAe KyHbl aca *Kofapbl 60nbin
caHanagpl [5, 6].

MapanaHy KacueTTepiH [ambITy MeH
YKAKCaPTY KoHe KabblpfasblK, KanTafbil KaHEe XKoA
KYpbIJIbIC MaTepuangapbl MeH OyibiMAAPbIHbIH,
OHbIH, iwiHae y/lyTac-aKTaCTaH »KacanfaH
6ybiMmaapablH, y3aK Mep3imainiriH - apTTbipyabl
WewyaiH, eH KapanalblM KoHe TexXHOJIOrMAbIK,
Tocingepiniv,  Gipi onapapl nonncynodumari
epiTiHginepmeH cingipy 6onbin Tabblnagbl. byn
CIHAIPY KYPaMbIHbIH, TepeH, eHyiH, maTepuangbliH,
KeyeKTepiH rmapodobThI KaTTbl ¢dasameH
(KyKipTneH) iwiHapa TONTbIpyAbl, KEYEeKTiNiK NeH cy
CiHipinyiH a3anTyabl, OHbIH, TbIfbI34blfbl MEH anA3fa
Te3iMAiNiriH apTTbipyAbl KamTamacbi3 eteai [7, 8, 9].

1,22 — 1,24 r/cm® ThIFbI3AbIKTaFbl KaabLyit
nonucynbduiiHe HerisgenreH CiHgipy Kypamsl,
TOMEH TYTKbIPbIKTbIH aPKACbIHAA, 9KTAC-y/yTaCTbIH,
KeyeK KypblibiMblHA 2-4 CM XaHe ogaH ga Ken
TepeHAiKKe CiHeAi KaHe MmaTepuangbl  KenTipy
Ke3iHae, OHbIH, KeyeKTepiH4e eHreH KyKipTTiH
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rmapodobTbl  HaHobesweKTepi TypiHAe  Y3aK,
epiMelTiH HEOpPraHWKaNbIK KOPFAHbIC KAObIHbI
Ty3ineai [10], onap cymeH, epiTKilUTEpMEH Hemece
Ty34bl epiTiHainepmeH XyfaHaa epimenai [11, 12].
KopfaHbiC  *KabblHAbIAAPbIHbIH,  CMMATTaManapsbl
(benwekTepain, enwemaepi KaHe onapApliH, nilliHi)
Shimadzu wing SALD 7101 nasepnik 6enwek
e/ileril  aHanmMsaTopbiMeH KaHe Solver PRO-M
30H4, MUKPOCKOMbIMEH 3epTTeniHAai, an d¢asanblk
Tangay BRUKER D2 PHASER audpakrometpiHge
Kyprisingi.

KenTipy KeseHiHae nonncynbduaTi
epiTiHAaiAeH KpUCTangaHfaH »KoHe 9KTAC-Y/IyTaCTblH,
KeyeK KYPbl/IbIMbIHAA KOPFaHbIC KAbaTblH KYPanUTbiH
benweKkTepain, MeswepiH eswey YwWiH onap
maTepuaniblH Keyek KeHicTiriHeH 6eniHai. On ywiH
9KTaC-yNyTaCTbIH, CiHAipiareH yarici Kentipinin, Ty3
KbIWKbINbIHbIH, epiTiHAiciHAe epiTinai. TyHAbIpbIAFaH
YKOFapbl AUCNEPCTi capbl YHTaK Ta3apTbl/ifaH CYMeH
KybInbIn, KenTipinai.

3epTTey HITUXKeNepi XKaHe oNapAabl Ta/Kbinay

Jlasepnik aHaNM3aTOPMEH aHbIKTaNfaH WeriHAi

benwekTepaiH, anddepeHumangbl KaHe
WHTerpangbl  Tapanybl OenweKkTepiH, opTawa
menwepi 20 HM eKeHiH KepceTTi. Kanbuum

nonucynbdUAiHIH epiTiHAiCIHEH XMMUANDIK, XKONMEH
TYHAbIpbINFAaH  GeswekTep meH noancynbduaTi
epiTiHgimeH ciHgipinreH 9KTac-yNyTacTapbiHbIH,
KeyeK  KeHicTiriHeH 6eniHreH 6esweKTepain,
MeJilepiHe CoMKec Tapasaybl O/laphblH, COMKECTIriH
KepceTTi. 30H4, MMKPOCKOMbIHAA  KYPrisiireH
3epTTeynepae benweKktepain opTawa menwepi 20-

25 HMm apanblKTbl KepCeTTi, COHbIMEH KaTap
onapAblH, coepanblK cummeTpuanbl  Gopmachl
aHblKTangbl.  TyHOAHbIH, XUMUANBIK ~ XKoHe

PEeHTreHAiK audpakLMANbIK Tanaaybl 6enwekTepaiy,
KPUCTaNAbIK TopAblH, OPTOPOMOBANbIK KypblabiMbl
6ap aniemeHTapbl KYKipT eKeHiH KepceTTi (2-cyper).
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Cyper 2 - MonucynbdumaTi epiTiHAire manbiHFaH aKTac-
YIYTaCTbIH KeyeK KeHicTiriHeH 6eniHreH KykipT
HaHOOeNLWeKTepiHiH, peHTreHorpammacsl

MNonuncynbdunari epiTiHAimeH CiHAIPYAIH,
MaTepuanapiH, dUBMKaANbIK-MEXaHMKaNbIK,
KacueTTepiHe acepi 6oMbIHLWA 3epTTeynep maccachl
25-28%, opTawa ThifbizgbiFbl 1,19 — 1,22 r/cm3,
CbIfblNy Ke3iHgeri opTawa 6epikTiK weri 2,52 MMa cy
CiHipeTiH vyarinepae Kyprisingi. KabblpfacbiHbIH,
enwemi 50 MM TeKwenep YAriNepiHiH,
nonncynbduaTti epiTiHaicimeH CiHAIpYy KanbinTbl
)KaFroamaa BaHHafa 1, 4 KoHe 24 cafat iwiHae
6aTblpy  apKblabl Ky3ere acbipbingbl. (3-cypeT)
Canmarbl 6OMbIHWIA CYy CiHipy, opTalla TbifbI3ApbIK,
CbIfblNly KesiHgeri O6epiKTiK wweri oHe cblHamMa
(eHaenmereH) XaHe ciHAipinreH yarinepaiH, cyfa
KaHbIKKAH KyMiHAe oKTac-yiyTacTblH, O6epiKTiriHiH,
TemeHgeyi MEMCT  30629-2011 sgictemeci
6oMbIHLWa aHbIkTanapl [13].

Cyper 3 - NonncynbdunAaTi epiTiHAiMeH eHAeyaiH,
dpoHTanabl acep eTy KafAannapbiHAA Cy CiHipy
LIamacblHa acepi

MonucynbduaTti epiTiHAiMeH eHaenreH yarinep
MEH MaTepuangap yYuWiH cyablH, CiHYiH macca
6oliblHLIA aHbIKTay HaTUXKeNlepiHEH KepreHimisaen,
CblHama (ciHipinmereHr) yarinepmeH canbiCTblpFfaHaa
1 cafaTt iwiHAe CiHipinreH vyarinepaid maccacol
6olMbIHWa cy CikipyaiH, opTawa maHi 81% - fa
TemeHAeni; 4 cafat iWwiHge CiHipinreH yarinep ywin
TemeHaey 88% - Aobl Kypaapl.
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_ - Kyvcapy ko dmmenti

Cypert 4 - MNonncynbdunaTi epiTiHAiMeH CiHaipy
pPeXKMMIiHIH opTalla TbIFbI3AbIKKA, CbifblNy BepiKTiriHe
YKOHEe 9KTac-yayTac YArifepiHin, XymcapTy
KoadpdumumneHTiHe acepi
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CiHaipy yaKbITbIH a3aiTy »KoHe aKTac-y/ayTacTaH
’KacanfaH KypblbiIc maTepuangapbiH  eHAeyAiH,
TUIMAINITIH apTTbipy O0NapAbl KypblabIC-MOHTaXaay
HemMece apJ/iey KYMbICTapbl aAKTa/NfaHHAH KeMiH
ny/ibBEpPU3aTOPMEH CiHAipyre MyMKiHAIK 6Gepegi.
byn kafmahipga  yAarinepai ciHAipy — cblHama
yArinepimeH canbiCTblpFaHaa maccacbl 6oMbiHWa ¢y
CiHipyAiH, 77% - fa TomeHaeyiHe aKkeneai.

4-cypeTTe NoAUCYyNbGUATI epiTiHAiMmeH ciHaipy
peXMMiHIH opTalla TbIfbI3AbIKKA, KbiCy OepikTiriHe

YKaHe martepuan yArinepiHiH Kymcapy
KoO3pOdMUMEHTIHE  acepi  Typanbl  ManimeTTep
KenTipinreH.

1 cafaT iwinAe ciHAipinreH yarinepaid, optawa
TbIfbI34bIfbl CbIHAMAMEH CanbICTbipFaHaa 22,4% - fa
apTTbl. Yarinepai 4 xaHe 24 cafat iwiHae ciHAaipy
MaTepuanaplH, TbIfbl34blFblH  CalMKeciHWwe 26,9%
XoHe 27,8% apTTbipabl, Oyn SKTac yayTacTapbiH
CiHAIPYAIH TOPT CaFaTTbIK PEXUMIHIH TMIMAiniri meH
XKeTKinikTi 6bonaTbiHbIH KepceTeqi (4-cyper).

KopbITbIHADbI

DKCNEePUMEHTTIK  KYMbICTap HaTUKecCiHae
maTepuaniblH, KeyekTepiH KaTTbl ¢dasameH iwiHapa

TONTbIPY CanAapblHAH YAFNepAiH TbIfbl34bIFbIHbIH,
apTybl, MNOAUCYNbOUATI epiTiHAiMEeH CiHipreHHeH
KeliH maTepuangbl KenTipy KesiHAe CinipinreH
CblHaMaHbl Cbify Ke3iHae 6epikTiKkTiH 1 cafaT iwiHae
1,2 ece ecyiH KamTamacbl3 eTyiH, CiHipiamereH
YATinepain, yKcac cunaTTamanapbiMmeH
CanbICTbIpFaHAa KymcapTy KoapoduumeHTi 6,2% - fa
apTYbIH; YATiNepAiH, TepT »KaHe Xublpma TepT
CafaTTblK  CiHyi  CiHAIPY KYpaMmblHblH,  9KTac-
yAyTacTapAblH,  KeyeK KypblibiMbiHA TepeHipek
EeHYiH KamTamacbi3 eTefi KoHe  KymcapTy
KoadduumeHTi  colikeciHwe 12 KoHe 19%
JKOfapblaafaH Kesae OHbIH, Cbifblny 6epiKTiriH 1,3
ecere apTTbipabl.

Ocblnanuwa, KenTipinreH 3epTTey
HOTUKeNepiHeH  maTepuangpl  NoAUCyNbPUATI
epiTiHainepmeH ciHaipy atmocdepanbik acepaepre
YWbIpalTbiH, OHbIH  HerisiHaeri  KabblpFanblK,
KanTayblL KaHe KON KypblibiC MaTeEPUANAAPbIHbIH,
narganaHy KacueTTepiH »KaKcapTaZbl XaHe y3ak
mepsimginirin - aptTbipagpl. byn  KasaKkcrtaHaa
OCbIHAAN MaTepuangapabl KOAAAHyAbIH, ASCTYpAi
CaNlacblH KEHEeNTyre MyMKiHaik 6epegai.
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YnyuweHue CBOMACTB CTPOUTE/NIbHBIX MaTEPUANIOB U3 U3BECTHAKA-PaKYyLUEeYHUKA

nyTem NPOnNUTKK CepoCcoAepKaLymx NpenapaTos Ha OCHOBE MECTHOTO CbipbA

*A6aupeiinm I.E., >Ypakaes ®.X.

1 Kazaxckuli HayuoHanbHelli YHUsepcumem umeHu ans-®apabu, Aamamel, Kazaxcma

2 MIHcmumym 2eosnoauu u MuHepanoauu um. B.C. Coboneea, Hosocubupck, Poccus

* dnekmpoHHaa noyma aemopa: gaziza_97.97@mail.ru

AHHOTALMA

9T uccnefoBaHMA MOCBALWEHbI BAUAHUIO NPONUTKN U3BECTHAKOBO-PaKyleYHbIX Nopos pactsopom

nonmcynbcbw,u,a, ncnonblyemoro gna 06}1MU,OBOLIHbIX U CTEHOBbIX MAaTEPUa/IOB, a TaKXKe Npu N3rotoBeHnun

OOPOMKHbIX M3L4ENNA. YCTAHOB/IEHO, YTO MNOAUCYAbOUA KanbUWA, KOTOPbIA pa3baBnsloT BoAON WM

CMELLMBAIOT C KUCAbIMU pacTBopamu, 06pasyeT nepBble HaHOYACTULpbI Cepbl cpeaHero pasmepa 20 HM,

KOTOpble 3aTem B fABa 3Tana YBEAMYMBAOTCA B pa3mMepe OAHOMO0 MMKPOHa. Pa3paboTaHHbIi Hamu
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ab6copbLMOHHbIM COCTaB-BOAHbIN PAacTBOP NOMCYNbOUAA KaNbLma Ha OCHOBE Cepbl, COAEPMHKALLMIA CINPT U
NOBEPXHOCTHO-aKTUBHbIE  BELLECTBA-3HAUYUTE/NIbHO  YMEHbLIaeT U3MeHeHWe W3BecTH, Mo3BoAseT

Moctynuna: 24 ¢pespansa 2021 CYWEeCTBEHHO CHW3UTb MX BOAOMOMNOWEHME M MNOBLICUTH [ONTOBEYHOCTb. O6paboTKa M3BECTHAKA-
PeueHsnposaHue: 10 mapma 2021 paKyleYyHNKa pacTBOpoM nonaucynbduaa Kanbuua gaet obpasoBaHWe HaHOPA3MEPHbIX MOKPbLITUIA Ha
MpuHaTa B nevatb: 14 maa 2021 OCHOBe Cepbl, KOTOPble YaCTUYHO 3aMO/HAIOT MEXKPUCTANZITHbIE MOPbl  KamHA, nocae 4Yero

mapodobHOCTb, HW3KOe BoAoMoraolweHue Npob ysenuumsaetca B 5-8 pas, WX CpPegHIo NAOTHOCTb
nosblwaet 22-27%, 1,2-1,3 pasa Npo4HOCTb, KO3GOULMEHT pasmardeHus - 6-19%, 4To NO3BONSAET NOBbICUTb
NPOYHOCTb U AONrOBEYHOCTb CTPOMTENbHOrO MaTepuana M3BecTHaKa 1,5- 2 pasa u 6onee. Mponutka
CTEHOBbIX W [OPOXHbIX CTPOUTENIbHbIX MATepuanos, W W34eNUH W3  U3BECTHAKA-PaKyleyHWUKa
Komnosuumen 13 nonvcynbduga nosBosseT MOBbICUTb UX IKCMIyaTaUMOHHbIE CBOWCTBA, MOBBICUTb WX
YCTOMUYMBOCTb K aTMOCHEpPHbIM BO3AENCTBUAM, @ TaK}Ke PACLUMPUTb AMAMNA30H UX NPUMEHEHUSA B MOTOAHbIX
YCNOBUAX.

Knioyesble cnoea: cepa, HaHoYacTMUpl, nonvucynbdug Kanbuus, nonavcynbdus, CUHTE3, W3BECTHSK,
PaKyLWeYHMK.
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Wastewater treatment using natural zeolite materials
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ABSTRACT

Today, there is an urgent need in our country to develop and implement new energy - and resource-
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saving technologies for wastewater treatment and water treatment. The need for such a system is
determined by the urgency of the tasks of protecting the health of the population, agricultural products
and other biological objects. Wastewater is contaminated with radioactive substances, heavy metal
ions, toxic substances and pathogenic microbes. During the work, wastewater contaminated with
heavy metal ions Cd?*, Pb?** was treated with a natural zeolite material. The mechanism of water
purification from metal ions is based on the porous structure and adsorption capacity of zeolite. Heavy
metal ions diffuse into the pores of the zeolite material, displacing sodium ions, which are structural
modifiers. The zeolite treatment process was carried out by measuring the permeability of wastewater
using a conductometer and comparing its results with the value of the permeability of distilled water.
According to the results obtained, this method can be used to completely purify wastewater from
heavy metal ions.

Keywords: Waste water, purification, sorbents, ions, zeolite.
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Introduction water treatment. The need for such a system is

determined by the urgency of the problems of

The source of water released in human life and
industrial activities is called wastewater [1].

Prerequisites for this project are the treatment of
wastewater from oil and oil products, organic
compounds in the framework of previous research
[2].

Today in our country there is an urgent need to
develop and implement new energy and resource-
saving technologies for wastewater treatment and

protection of public health, agricultural products
and other biological objects. Wastewater after
industrial use contains a lot of pollutants: heavy
metal ions, acids, alkalis, salts, large amounts of
organic matter, etc.

Zeolites are microporous, natural or synthetic
aluminosilicate materials with a specific structure.
Their structure consists of a tetrahedral crystal
lattice consisting of SiOs* and AlO4° ions. Due to
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their unique porous properties, zeolites are used in
various fields. Chemical formula of natural zeolite
used for wastewater treatment: (Na, K, Ca).-3Al3(Al,
Si)25i13036 ¢12H,0 [3, 4]

The peculiarity of the work is the use of a
comprehensive approach to the treatment of
wastewater, which includes a combination of
physicochemical and effective natural sorbents. In
addition, for the first time domestic sorbents based
on zeolite materials were used in the
implementation of the work [4]. Integrated
wastewater treatment methods are currently
recognized as the most promising and economical,
as they reduce energy and reagent consumption
several times, and increase the speed and depth of
treatment [5, 6, 7].

Experimental part

The study studied the effects of sorbent
concentration and temperature on the sorption
process of heavy metals. Natural zeolite from the
Taizhuzgen deposit was used as an adsorbent.
Chemicals and materials: 30 g of natural zeolite;
aqueous solution of heavy metal salts (Cd**, Pb*)
with a concentration of 0.0025 mole/dm? for each
ion 200 cm3; conductivity meter; pH meter; filter
paper; clips, 3 glass filters; 2 glass jars and 4
measuring cups.

The permeability of wastewater contaminated
with Cd?*, Pb? ions was determined using a
conductometer. The cascade wastewater filter
consists of a vertically placed metal support on
which glass funnels and tanks are attached with
clamps and rings. The filter paper is mounted on a
glass filter. Each filter, which forms a three-layer
cascade, is filled with 2 g of natural zeolite. Water
permeability and pH are measured after each
purification to form a clear idea of the heavy metal
purification process.

The effect of temperature. 2 g of sorbent was
placed in a beaker, containing a solution of Cd?*, Pb?*
ions, concentration 0.0025 mole/ dm3, 200 cm? and
kept at a temperature of 289, 298, 308 K. The
temperature was set and adjusted by means of a
thermostat.

Results and Discussion

Heavy metal ions are removed from water by ion
exchange and adsorption processes. During
adsorption in the microporous structure of zeolite,
Na*ions are easily displaced from water by Cd?*, Pb?*

ions. The mechanism of ion exchange is based on the
high value of electrical negativity of heavy metals,
which allows low-negative sodium ions to leave the
zeolite structure and form a strong ionic chemical
bond with anions in wastewater.

The mechanism of ion exchange follows the
chemical equation (1):

Me" (water) + nNa(zeolite) = M(zeolite) +
nNa*(water)
(1)

where [M] represents the oxidation number of
heavy metal ions (Cd?*, Pb?*), and [n] the humber of
oxidation of metal ions.

Experimental results in the determination of
electrical conductivity showed that the water
permeability and pH value increase after each
treatment (after the ion exchange reaction between
heavy metal ions and zeolite), as shown in Table 1.
This is because the permeability of sodium ions
displaced from zeolite is higher than that of heavy
metal ions.

Table 1 - Electrical conductivity and pH values after
filtration of wastewater with zeolite

Water Electrical pH indicators
conductivi
ty (x)
1. Contaminated 50.0Cm 3.8
water:
2. After the first 68.5Cm 6.6
filtration:
3. After the second 86.0Cm 7.1
filtration:
4. After the third 91.0Cm 7.6
filtration:

Figures 1 and 2 show graphs of the degree of
extraction of lead and cadmium ions from natural
zeolite to the sorption time.

100 -

Cd?*

80
60

E, %

40

20

0

0 100 200
t, min

Figure 1 - Dependence of the degree of purification
of Cd?* ions on the sorption time
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Figure 1 - Dependence of the degree of purification
of Pb?*ions on the sorption time

The results of the studies shown in Figures 1 and
2 show that with increasing duration of contact with
the aqueous phase containing metal ions in the
zeolite, the degree of purification in their initial
stage increases and then becomes stable. As can be
seen from the proposed graphs, the sorption
equilibrium during the purification of lead and
cadmium ions is within 30 minutes.

Conclusions

Experimental results show that natural zeolite is
based on ion exchange capacity, microporous
structure and adsorption capacity, this method of
wastewater treatment is very effective and allows
almost complete removal of heavy metal ions. Based
on the results obtained, the optimal conditions for
the sorption of Cd*, Pb?* ions by natural zeolite
were determined: the mass of the sorbent per 200
cm? of solution is 2 g, T = 298 K. This method can be
used for wastewater treatment, mainly in the
metallurgical industry, as well as for water softening.
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TYRIHAEME

ByriHri KyHi 6i34iH, pecnybivMKaga afbiHAbI CyNapAbl Ta3apTy XoHe cyabl Ta3apTy 6oMbIHWA XKaHa
3HEepPrua XaHe pecypcrapapl YHeMaey TEXHONOTMANAPbIH 93ip/iey MEH eHFi3yAiH, LWYFblN KaXKeTTiniri
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TyblHAAYAA. MyHAalM XKYWeHiH, KaXKeTTiNir XanblKTblH, AEHCAYbIfbIH, ayblAWapyaLlblibiK 6HiIMAEePiH
»KoHe 6acka buonoruanbik 06beKTINEPA] KOpFay NPo6iemanapbIHbiH ©3EKTININIMEH alKblHAANAAb!.
AfbIHAbI CY PaMOAKTUBTI 3aTTaPMEH, ayblp MeTall MOHAAPbIMEH, Y/ibl 3aTTAPMEH XKIHE NaToreHaik

MMUKpPOBTapMeH nactaHagpbl. *)Kymbic 6apbicbiHAa aybip meTangap Cd?*, Pb?* noHaapbimeH nactaHfaH
afblHApl Cy TabuFn LEOAUT MmaTepuasnbiMeH TasapTbiigbl. MeTann MoHAapblH CyAaH TasapTy

MeXaHW3Mi LLeOUTTIH, KeYeKTi KypblabiMbl MeH agcopbunanbik KabinettiniriHve HerisgenreH. Ayblp

MeTaN MOHAAPbl LEeOAUTTI MaTepuanablH, KeyektepiHe eHin (auddysumanaHoin), KypbiabIMHbIH

moamnduKaTopbl 60/1bIN TabblIaTbIH HATPUI MOHAAPBIH bIFbICTbIPAALI. LleonnTtneH TasapTy afbiHAbI
CYAbIH, OTKI3riLWTIriH KOHAYKTOMETP KOMEriMeH e/1Ley KaHe OHbIH, HITUXKeNepiH ANCTUNAEHTEH CY

OTKI3MLWTIiriHiH M3HIMEH CanbICTbIPy apKblNbl XKYPri3ingi. AnbiHFaH HaTUXKenepre calikec, byn aaicTi

KO/14aHY apKblabl afblHAbI CyNnapAabl ayblp MeTanN NOHAAPbIHAH TO/bIK Ta3apTyfa 60ﬂa,ﬂ,bl.
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OuMCTKa CTOYHDbIX BOA, € npumeHeHunem NpupoaHbIX LLeoJINTHbIX MmaTepuanos
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AHHOTAUMUA

CeroaHs B HaLLel CTpaHe CyLLecTByeT OCTpas HeOBXOAMMOCTb B pa3paboTKe v BHEAPEHUM HOBbIX 3HEPro-
1 pecypcocbeperatoLmx TeXHONOMMIM OYUCTKU CTOUHBIX BOA U BOAOMNOArOTOBKMU. HeobxoanMocTb Takom
CUCTEMbI ONPeaeNfeTcs akTyasbHOCTbIO 33434 3alUTbl 340POBbA HACENEHUA, CEbCKOXO3ANCTBEHHbIX
NPOAYKTOB W Apyrux 6uonornyeckux obbekToB. CTOYHble BOAbI 3arpA3HeHbl PafMOaKTUBHbIMU
BewecTtBaMn, MOHaMM TAXKENbIX MeTannos, A40BUTbIMU BeleCTBaMnU U NAaTOreHHbIMU MI/IKpO6aMVI. B
xo4e paboT CToYHblE BOAbI, 3arpsi3HEHHbIe MOHaMU Taxenbix metaanos Cd?*, Pb?%, obpabatbiBanunco
NPUPOAHBIM LLEOSIMTHbIM MaTepuanom. MexaHU3mM OUYWUCTKM BOAbl OT MOHOB METa//IoOB OCHOBaH Ha
NOPUCTOM  CTPYKType W aAcopbUMOHHOM CNOCOBHOCTM LeonuTa. MOHbI  TAXKENbIX MeTannos
onOYHAMPYIOT B MOPbl LLEONIMTHOTO MaTepuasa, BbITECHAA WOHbl HATPUA, KOTOpble ABAAIOTCA
moanduKaTtopamu  CTPYKTypbl. [Mpouecc 06paboTKM  LeoNUTa MNPOBOAWICA MyTEM M3MEPEHUs
MPOHMULLAEMOCTM CTOYHbIX BOA, C MOMOLLIO KOHAYKTOMETPA U CPAaBHEHUA ero pesy/ibTaTos Co 3HaYeHnem
NPOHULLAEMOCTU AUCTUANMPOBAHHOM BOAbl. COFNacCHO NOMYYEHHbIM pe3y/bTaTam, C NMOMOLLbIO 3TOT0
MEeTOA3 MOMHO MOIHOCTBIO OYUCTUTL CTOYHbIE BOAbl OT MOHOB TAXKEJIbIX METANIO0B.

Kntoueaole cnoea: CTOUHbIE BOAbI, O4UCTKA, COPOEHTbI, MOHbI, LLEONNUT.
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ABSTRACT

Unfortunately, all kinds of anthropogenic and natural factors contribute to the deformation of man-made
structures. Geodetic control of buildings and structures, timely detection and elimination of deformations is a
guarantee of long-term operation of the building. Monitoring is one of the most important tools to ensure the
reliability and safety of multi-storey and large-scale buildings and structures during construction and operation.
A significant amount of instrumental control during construction and operation is carried out by geodetic
methods. Geodetic methods are used to determine both local and general deformations of buildings and
structures, deviations of load-bearing, fencing structures from vertical and design drawings, foundations and
soil settlements, through which the technical condition of the building or structure is specially assessed. Today,
the analysis of deformations is an important task for every region of our country, especially for areas with
changes in the earth's surface. The field of deformation research in the Republic of Kazakhstan is quite
developed and there are many necessary materials to identify such changes. In our country, special services are
organized to control any benchmarks and analyze the results of high-precision measurements in several cycles
to detect any changes on the earth's surface. Therefore, this article provides an overview of both the classical
methods of geodetic control and the tools and technologies used to determine the quantitative characteristics
of the deformation of engineering objects.

Keywords: monitoring, geodetic control, deformation, GNSS, laser scanning, electronic total station, digital
leveling.
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NH3KeHepAiK KypbiabicTapAabiH AedopmaumanapbiHblH reoae3nsaiblK MOHUTOPUHTI
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TYRIHAEME

OKiHilLKe Opal, aHTPOMOreHAiK KoHe Tabufn dakTopnapablH, 6apablK  Typaepi TexXHOreHAik
KypbinbiMaapablH, gedbopmauma acepiHe ywbipayblHa biknan etedi. fumapatrap mMeH KypblabicTapabl
reogesunanbik 6akbinay, gepopmaumanapapl yakTblibl aHbIKTay KaHE 0M1apAbl O FUMApPATTbIH, Y3aK,
Mep3imai KYMbICbIHbIH, Kenini. MOHUTOPUHT - Byn Ken KabaTTbl »KaHe ayKbiMAbl fMMapaTTap MeH
KYPbINIbICTApAbl CaNy »KaHe naiganaHy KesiHge onapablH, CEHIMZINIr MeH KayincisgiriH KamTamacoi3
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eTeTiH MaHbI3abl KypangapabiH 6ipi. Kypbiibic KaHe naiganaHy KeseHiHAe acnanTbik 6akplnayabiH,
efiayip MesLwepi reoaesuanblk 34iCTepPMEH Ky3ere acbipblnafbl. Feofe3nanbiK agicTep FMmapaTrap MeH
KopLuiay
KYPbIIbIMAAPbIHBIH, TiK KaHe 06asblK cbi3banapaaH, ipretactap MeH TonbipakTapAblH, KOHbICTapblHaH

KYPbINbICTAapAblH,  /IOKaNAbIK ~ KaHe  Kannbl  AedopmaumanapbiH, KYK  KeTepril,
aybITKyNapblH aHbIKTay YWIH KOAAAHbINAAbl, ONap apKblibl FUMapaTTblH HemMece KypblabICTbiH,
TEXHUKaNbIK »Kafaalbl apHaibl 6afanaHagbl. Kasipri TaHga gedopmaumanapapl Tangay 6i3giH enimisgin,
9p avimarbl YLWiH, acipece kep 6eTiHiH e3repyi H6aiikanaTblH aymakTap yWiH maHbi3gbl MiHAET 60/bIn
Tabbinagpl. KasakcraH PecnybaunkacbiHaa aedbopmaumsaHbl 3epTTey canachbl KETKINIKTI AamblFaH KaHe
MYHZaW e3repicTepAi aHbIKTay YLWiH KenTereH KaxeTTi matepuangap 6ap. bisaiH enimisge ep betiHaeri
Kes-Ke/ireH esrepicTepai aHbIKTay YWwiH 6ap/blk penepnik HykTenepai 6ackapaTblH KaHe bipHewe
UMKNAeri  KoFapbl ADNAIKTEri  enley HITMKeNnepiHe Tangay »KacaWTblH apHalbl  Kpl3meTTep
yiibiIMaacTbipbinFaH. COHAbIKTaH, byn makanaga reofesnanbik 6akblinayfblH, KNAaCCUKanbIK dAicTepiHe,
MHXeHepnik obbekTinepaiH AedopmaumanapbiHbiH,  CaHAbIK  CMMATTamanapbiH  aHbIKTay  YLWiH
KONAAHbINATBIH Kypangap MeH TeXHONOornANapFa WOy Kacanagpl.

Tyliin ce3dep: MoHumopuHe, 2eode3usnsiK b6akbinay, Oegpopmayus, THCC, nasepnik cKaHepney,

371eKMpPOoHObIK maxeomemp, YugpsolK HUgeaupey.
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Kipicne

Kasipri  yaKbITTa MOHUTOPUHI  Ke3iHae

Kasipri yakbITTa Kypbl/biC OObBEKTINEPiHiH,  XKYPri3ineTiH reogesvasblK KyMbICTapabl XKYprisy
6epikTiri, nanganaHy ceHimginiri *kaHe Kayincisgiri  6aKkbliay 3neMeHTTepiHiH, epeKweniktepi MeH
npobnemacbl epeKklle MaHpI3fa Me XKoHe Kesek  onapapl  6GackapyaplH,  annapatTblK  6asacbliH
KYTTipMEWTIH  MmiHaeTTepain, 6ipiHe alHanyga.  Kepcetneid, Kannol TYpLAE YCbIHbIIFAH
MaitpanaHy pecypcbiHblH,  Mep3iMmiHeH OypblH  KO/AAaHbICTafbl HOPMaTMBTIK aaebueTTepaiH,
TO3yblHA XoHe onapablH, b6epikTiriH TemeHAeTyre  MNo3uUMANApPbliHA COMKEC ’Kysere acbipbliagbl.
OKeNeTiH KypblabiC KypblibiMgapbiHAafbl akaynap  MyHblH ~ 6actel cebebi -  obbeKTinepaiH
FUMApPAT MEH KyPbIAbICTbl Cany MeH NainganaHyaplH,  aepopmaumacelH  bOakblnay  GoWblHWA — TUIMAI

9p TYpAi KesenaepiHae naiiaa 6onaapl.

KypbinbicTapaafbl aKaynapgplH, nanga 6ony
cebenTepiHiH Bipi - FMMapaT ipreTacbiHbIH, ap TypAi
aedopmaumnacel. lpretac Kobanblk NO3UUMAAAH
KbUTKbIFaH Kesge 6apAblK, KYPbINbICTbIK,
3N1eMEHTTEPAiH KyMbIC icTey cunatbl e3repegi, 6yn
0banblK, CXeMaHblH, ©3repyiHe XaHe CoMKeciHwe
KYPbINBICTBIH, 9p TYpAi CeKUMANAPbIHbIH, ACKbIH
KepHeyiHe okenegi. CoHAbIKTaH fMMapaT cany
Ke3eHiHAe TOMbIPaKTbiH, TiK X39HEe KenaeHeH,
pedopmaumanapbiH, COHbIMEH KATap KypblabICTbIK,
3NeMeHTTepPAiH, TiK OCbKe KaTbICTbl XKbIIXKYbIH
Kagaranay maHbizabl [1, 2].

Byn MmaKanaHblH MaKcaTbl - WHXeHepiK
KypblabiCTapapiH,  AedopmaumacbiH  HaKblnayapbiH,
Heri3ri reofesnAnblK 3AiCTepiH KapacTblpy MaHe
TUIMAICIH TaHAaay.

dKcnepumeHTanabiK 6enim

Lapanapabl XKyprisy ywiH 6ipbiHFain agicteme meH

MaMaHIAHABIPbIIFAH  CEpPUANbIK  KabAbIKTbIH,
6onmaybl.
FeodesunanblK  MOHUTOPUHITIH  BipbliHFalt

aaicteMmeciH Kacayfa 6alinaHbiCTbl NpobaemaHsbl
wewyre M.E. [MwuckyHos, A.K. 3aiues, C.B.
MapdeHko, A.lU. Muxenes, M.I. MyctaduH, B.A.
BanbKkos, X. Zhang, E.S. Okiemute, O.F. Olujimi, J.
Janicka, W. Btaszczak-Bak cuakTbl aBTOpnap eneyni
ynec KocTtbl [3-6]. KenTipinreH aBTOopnapAbiH
eHbeKTepiHae 6aKkblnay aficTepiH ’Kacayfa KaHe
onapapl Herisgeyre Ken KeHin 6eniHeai [7, 8].
B.A.l'epacumoBTbIH, B.f1.JTo6a30BTbIH, b.E.PE3HUKTIH,
6acbinbiIMgapbiHAA KaHa MOHUTOPUHT
TYXKbIpbIMAamanapbl YCbIHbIAIbIM, weTengik
Toxipubere cyiieHe oTblpbIn y34iKci3 6aKblnay aaiciH
KON4aHyAbl YCblHAaAbl. MOHUTOPUHI MaceneciHe
KNnaccuKkanblk 6aKkpliay agictepiHeH ocbl Tacingi,
6acTbl  aliblpMallblNbIFbl  OHbIH,  «MOTEHLMaNAbI
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Yy3A4iKci3airi» faHa emec, COHbIMEH KaTap OHbIH,
MaKcaTbl ¥aTabl: KNacCMKasblK 6akblnay aAereHimis
-HITMIKECIHAE aHbIKTANFaH KPUTMKANbIK MIHAEPAEH
TaHOanfaH reoMeTpUANbIK, napameTpaepaiH,
aybITKYbIH balikay, TeopuAnbIK ecenTeynep; y3aikcis
b6akblnay  AereHimis - yaKbITTblH,  9pTypAi
KeseHaepiHaeri KYpblabICTapAblH, KyhnepiH
canbicTbipy [9].

fumapaTtrap meH KypblibiCTapabl Cany XaHe
nanganaHy KesiHAe JKMHaKTanfaH ToXipube
KYPblbIMAapablH, 3aKbIMAaHYbI ap TYPAI
cebentepgeH 60nybl MYMKIH €KeHiH KepceTegi.
obanay mMeH Kypbiabic npoueciHae KibepinreH
KaTeniktep MeH aKaynapgblH, 6onybl eH KayinTi
cebenTtepain, 6ipi 6oabin Tabblnaabl, ONaApAblIH
60nybl KasipriaeH TOMeH XyKTemenepae Ae anatka
oKenyi MyMKiH. Kespgelcok anatTblkK cunaTTafbl
cebenTep (Tabusn KoHe TEXHOrEHAIK anaTTap) *Keke
TonKa 6eniHe,.

Tisimae  KepceTinreH acepnep  TeTeHwe
YKaFganra TiKenel oKen COKTblpmaca gda, »Kaanbl
anfaHaa, 3aKbIMAAHYAbIH, YKMHAKTa/ybIMEH
KYPbl/ibiM KYPbI/1bIMZAPbIHbIH, ceHimginiri
TemeHgenai, byn e3 KeseriHae anaTTbIK KafaanaplH,
6y3blny bIKTUMANAbIFbIH APTTbIpaabl. by gereHimis,
06beKT KOHCTPYKLMANAPbIHbIH, HOPMaTUBTIK
*KaF4alblH KanmnbiHa KenTipy 6oliblHLWa
KYMbICTAPAb! iCTEH LWbIFY bIKTUMANAbIFbl KYPblabiM
KOHCTPYKLMANAPbIHbIH, CEeHIMAINIK KepCeTKilwiHeH
YKOfapbl bonFaHFa AeniH 3KOHOMMKasbIK TYPFblaaH
KabblngafaH eH 1-cyperT.

Cypert 1 - KoHCcTpyKuusa ceHimainiridin, (P) oHe
iCTEH LWbIFY bIKTUMANAbIFbIHbIH, (Q) 06bEKTIHI NaliaanaHy
yaKbITbIHaH Tayenainiri (t)

ABTOMATTaHAbIPbINFaH MOHWUTOPUHT -
06beKTIHIH AedopmaLmAcbiH BaKblnayabiH TYPaKTbl
YKYMbIC iCTENTIH aBTOMaTTaHAbIPbINFAH KylenepiH
nanpganaHyfa HerisgenreH. On  KaHa  03bIK
TEXHONOTUANAPAbI KONAaHyfa HerisgenreH,
MbICabl: TaLWbIKTbI-ONTUKANbIK eJLey Xyihenepi
Hemece weTengik «Structural Health Monitoring»
(SHM), ces3be-ce3 aygapma  «ZAeHCAYNbIKTbIH,

KYPbIbIMAbIK MOHUTOPUHTi» HEMECE KYPbI/IbIMHbIH,
KYWiH 6akblnay [8].

Mep3imai MOHUTOPUHT - 6yn
MaMaHAaHAbIPbINFAH TEKCEPY, OHbIH, HETi3ri MiHAEeTI
BM3yanabl XaHe acnanTblK 6aKbliay KemerimeH
KYPbIZIbIC  KOHCTPYKLMANAPbIHBLIH,  ©3repicTtepiH
aHbIKTay 60nbin Tabblnaabl. Mep3imai MOHUTOPUHT
- BYriHri KyHi aBTOMaTTaHAbIPbINFAaH MOHUTOPUHIKE
KaparaHAa WbifblHbI a3 ic-lwapa 60bin Tabblnagbl.

3epTTey 6apbicbliHAA KYpbINbICTapablH,
aedopmaumacbiHa SKeneTiH Herisri  cebenTtep
MbIHaNap eKeHAiri aHblKTanapl: Tabwufn TUNTErI

acepnep, COHAAN-AK, KypblabIC Ke3iHaeri KaTeniktep,
6yn 2-cypeT OOBEKTIHIH, ipretacTblk KoaHe ipretac
KOHCTPYKLMANAPbIHbIH, 3aKbIMAaHYbIH
aedopmaumanayra akenegi.

= H

=n

Tl

Cyper 2 - FumapaTrap MeH KypblibICTapAblH,
nedopmauus cebentepiH Tangay

Jedopmaumanap TaburatTa KEHICTIKTIK eKeHiH
aTtan oTKeH »eH. KongaHbiCTafbl HOPMATMBTIK-
TEXHUKasbIK Ky*KaTTapfa COMKec oflapAabl TiK *KoHe
KenLeHeH KosfanbicTapFa 6eny Aactypre anHanfFaH.
TiK XblXKynap e3 KeseriHae wWery, KeTepiny KaHe
T.6.

KypblnbicTapablH, TiK bINXKYNApbIH
6aKblnayablH, Herisri agictepi HMBeAupaey agicrepi,
3IeKTPOHAbI TaxeomeTpnep, pagap
nHTepdepometpuackl, GNSS, coHgan-aK GOTo KaHe
cTepeodoTorpaMmeTpUAbIK, aaicTep 60nbIn
Tabblnagpbl.

FeomeTpuAnbIK HUBENUPAIEY.

KypblabiCTapablH WeryiH aHbIKTay YLLUiH XOfapbl
EL TN neH eNiley  KblAamAaplfbl 6ap
reOMeTpuANbIK  HUBENUpAey  daici KeHiHeH
KongaHblnagbl. 5-10 M  KalWwbIKTbIKTA HyKTenep
apacblHAafbl 6MIKTIK anbipbiMmbiH  0,05-0,1 Mm
OeniHri ganaikneH, an Ky3gereH MeTp KalbIKTbIKTa
- 0,5 Mmm geWiHri ganaikneH alikpiHaayFa 6onaapl.

DNeKTPOHAbIK TaXxeoMeTpJ/iep *KaHe UMPIbIK,
HUBeupnep.
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TaxeomeTpaiH XYMbIC NPUHUMAI WaFbIAbICATbIH
HblCAaHagaH Tap bGafblTTanfaH /f1lasepnik CayneHiH,
LAFbINbICYbIHA *KOHE OfaH AEWiHM KalbIKTbIKTbI
enweyre HerisgenreH. annbi Kafpanaa
LAFbINbICTbIPFbILL-OYN 06BEKTIHIH beTiHe 6ekiTinreH
apHaibl Nnpu3ma. EKi bypbIwThl (TiK KaHe KesaeHeH)
e/illey  LWaFblbICy  HYKTECiHIH, yWw eawemai
KEHICTIKTIK KOOpAMHATTapbIH ecenteyre MyMKiHAiIK
b6epepi. Kasipri aneKkTpoHAbIK, TaxeomeTpraep
WapTTbl Typae yw Tonka 6Genyre 6onagbl: eH,
Kapanaibim, ambeban koHe poboTTanfaH.

JNazepnik ckaHepney.

Nasepnik  cKaHepney - Oyn  KeHICTIKTIK
KoopAuHaTTapbl 6ap HyKTenep KMbIHTbIFbIMEH
TaHbICTbIPY aPKbl/ibl KOPLIAFaH KEHICTIKTiH, CaHAbIK,
MOAENIH Kypy a4ici. ©nweynepaeH KeniH anblHfaH
0b6BbEKT Mogeni bipHewe MUANMMETP AdNAIKNeH
KOOPAMHATTapbl 6ap anbiN HYKTENep KMbIHTbIfbI
(»ky3pereH mblHHaH bGipHelwe MWANMOHFA AOeWiH).
JNlazepnik cKaHep/siey TEXHONOMUACLIHbIH, MaHi [9, 10]
O06bEKTIHIH, beTki HYKTeNepiHiH KEHICTIKTIK
KOOPAMHATTAPbIH aHbiKkTay 60sbin Tabbliagbl. byn
Nasepik WaFblIbICNAUTbIH AMana3oHabl eLweriw
KemerimeH 6ap/blK aHbIKTaNfaH HyKTenepre AeniHri
KALUbIKTbIKTbl ©/1ley apKbl/ibl XKy3ere acblpbliagbl
[11].

CkaHepaiH HaTUMXKeci-ecenTenreH yw enwemai
KoopauHaTtTapbl bap KentereH Hyktesnep. MyHaai
HYKTE/NIep KMbIHTbIFbI 94ETTe HyKTenep O6ynTTapbl
Hemece CKaHZap gen atanagbl. 94eTte 6ip bynTTasbl
HyKTenep caHbl bipHewe y3 MblHHaH bGipHele
MUWNOHFA AENiH 83repyi MyMKIH.

Nasepnik ckaHepney 6GOMbIHLIA FKYMbICTapAbl
YKYPri3y Ke3eKTiniri 3-cypeTre KepceTifreH.

.
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Cyper 3 - /lazepnik ckaHepney 60oMbIHLWA
KYMbICTap4bl XKYPri3y Ke3eKTiniri

MHCC
MOHUTOPWUHTI.

fanamablK HaBUrauMANbIK MKEPCEPIKTIK Kyne
(FHXMX) — 6yn KepcepikTik curHangapabl eHaey
apKblabl  Xep 6eTiHiH, Ke3 KenreH HyKTeciHae
KoopAMHATTapAbl anyfa 6onatbiH Xyie. Kes-KkenreH
GNSS yw cermeHTTEH Typaabl: FAPbIWTbIK, Xep YCTi
YKoHe ManganaHyLbl.

obbeKTinepai

KONdaHy  apKblibl

HaBurauusanbik, CNYTHUKTEpPAI 6aKbliay
6olMbIHWA  KoOpAMHATTapAbl  aHbIKTay  Kefeci
aaicTepMmeH Kyprisinyi mymkiH [12]: abcontoTTik;
anddepeHuManabl, canbiCTbipMansl.

FOpM30HTaNb KblXKYNap MeH Kucatonapapl
aHbIKTay aaicTepi.

Kypbl/ibiC HYKTENepiHiH, TOPU30HTa b KbIKYbI

6ip KoopguHaTTap KyHheciHae apTypai enwey
LMKAZapbiHAA aNblHfaH onapzbiH,
KOOPAMHATTapPbIHbIH,  alblpMallbl/blFbl  PeTiHAe

aHblKTanagapl. Adedopmauma wamacbiH aHbIKTay
MaceneciH wWwewyaiH eki Typi 6ap: eki KoopauHat
Hemece bip KoopauHat 6oMbiHWa [13]. BipiHLWi
KaFganaa HYKTenepaid KoopAnHaTanapbiH aHbIKTay
YWIiH  CbI3bIKTbIK-OYpbIWTbIK — e/weynep, eKiHwi
YKaFganaa Tipek HykTenepi KoigaHblnaapl.

CbI3bIKTbIK-OYpbIWTBLIK  eaweynep
TPUAHTYNALMA KIHe Tpunatepauma Keninepi,
NONIMFTOHOMETPMA  KYpicTepi, apanac XKeninep,
OYypbIWTbIK, ~ X3He  CbI3bIKTbIK  KMbICTbIpYNap,
enlWeHreH bGafblTTap MeH  OuikTiKTepi  6ap
y3apTblNfaH ywoOypbIWTapaaH KacanfaH Keninep
TypiHAe acanaabl [14, 15].

JedopmaumaHbl 6aKpblnayapliH, aTanfaH
aaicTepi AacTyp/i 6oabin Tabblnagpl }KaHe mep3imai
MOHUTOPUHT KesiHae npakTukaga Wi
KongaHblnagbl. byn sgicrepaiH apTbIKWbIAbIKTaPbI
MEH KeMLWiNiKkTepi 1-KecTeae KenTipinireH.

apHaibl

Kecte 1 - O6bekTinepaid, aebopmaumacbiH bHakpinay
TaCinAepiHiH, apTbIKLWbINAbIKTAapbl MEH KEMLUiNIKTepi

Hatuxkenepgai
. |Oana|YHemai | Tuimai eHAeYaiH,
bakplnay Typi | . . . . y
iri niK NiK | Kapananbimapl
NbIFbl
FeomeTpuAnbIK
+ - - +
HUBeNupney
doTorpammeTpu
ANbIK ~ bakblnay| - + - -
apictepi
Nasepnik
+ + + +
CKaHepniey
DNEeKTPOHAbIK,
+ - - +
TaxeomeTpnep
fanamgplik, - + + -
HaBUraLMANbIK
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KepCepikTiK
Xyhe

Mofapblga KepceTinreH 1-KecTeHi 3epTTen,
Nasepnik cKkaHep/iey a4iCiHiH, apTbIKLWbIAbIFbI Hacbim
€KeHiHe Ke3 KeTKisingi. COHbIMeH KaTap, /1a3epnik
CKaHep/siey aAici TYCipyAiH *KOFapbl KblNAAMAbIFbI,
TYCipinim gepekTepiH HaKTblNay »KAHe TObIKTbIFbI,
Kayincisgik, yakblT NeH eHOeKTi yHemaey CUSKTbI
KepceTKiwTepmeH cunaTtanagbl. Ocbl cebenTteH
FUMaApPATTap MeH KypblabicTapabiH AepopmMaumAcbIH
3epTTeyae nNasepaik cKaHepaey agici TaH4anabl.

3epTTey HITUXKeNepi XKaHe oNapAabl TaKbinay

TypfblH Yy  KelweHiHiH aedopmaumanapbiH
reofesusanblk  6akbliay yuwiH «XaH-Taripi» ipi
TYPFbIH Y1 KeleHi TaHganapl.

«XaH-ToHipi» ipi TypfblH YN KeweHi Anmatbl
KanacblHA4afbl lne AnaTtayblHblH, eTeriHAeri agemi
xepae, on-Papabu  paHfbinbiHAH - 3,5  Km
KaLbIKTbIKTa OpHanacKaH (4-cyper).

Cypert 4 - «XaH-TaHipi» TYPFbIH Yi KeLeHiHiH Xannbl
KepiHici

XaH ToHipi TYPFbIH 7z KeLLEeHiHiH,
pedopmaumanapblHa reofesusanblK  MOHUTOPUHT
Kepaeri nasepnik ckaHepsaey aaicimeH Xyprisingi.
MOHUTOPUHT TEPT aW/blK Mep3iMAainikneH eki
KeseHae Kyprisingi. BipiHWi Ke3eH - OOBLEKTIHI
nasepnik CKaHepney, HeAAdiK enwey UMK gen
atanagpl. CkaHepney ywiH Leica C10 xepgeri
Nlasepnik cKaHep KosgaHbingbl. ymbicTbiH, 6achl
CKaHep  CTaHUMACLIHbIH, ~ OpPHaNacyblH  KaHe
KOCbIIaTbIH Genrinepain, opHanacyblH *Kocnapnay
YWiH OObBEeKTIHi »aHe ofaH iprenec aymakTbl
BU3yanabl Tekcepy 6onabl. bisgiH, Kafmaiiga
CKaHepney eKi NocCTTaH oTTi, TOFbI3
6ainaHbICTbIpyLWbl 6enri 6ongbl.

Benri - 6yn 100x100 mm *KoHe ofaH Aa Ken
enwemaepi 6ap, apHalbl  WaFbIAbICTbIPATLIH
*KabblHbl 6ap HbicaHa. CKaHep4iH, eKi Tiperi yLWiH Kem
pereHge 4 Kannbl 6enri KaxkeT. benrinepgin,

OpHanacybl ap H6ekeTTeH Koa XeTimai 6onatbiHAaM
601ybl KEPEK.

Op CTaHUMAZA CKaHepaey: CKaHepai opHaTy,
OHbl Terictey, TecTiney, KakeT OONfaH Kafgaiaa
naHopamanblK $OTOCYpPET Kacay, CKAHepP/eY KaHe
MapKanapabl TaHy. bip cTtaHumapa ckaHepney 30
MWHYTTaH €Ki cafaTKa AeliH co3blnagpl, CKaHepaey
YaKpbITbl 6epifreH AUCKPETTINiKKe KXaHe CKaHepney
aMafblHa 6annaHbICTbI. bi3 5x5 M
AXKbIPATbIMAbINbIKTbI  OPHATTbIK, HbICaH Typanbl
TO/IbIFbIPAK aKMapaT any YWiH CKaHepsey alimafbl
360°x270°60npblI.

Jlasepnik cKaHepneypgiH HaTuxeci 5-cypette
KepceTinreH HykTenik 6yntrap 6onbin Tabblnaabl.
*KyMbICTbl OpbIHAAY YWiH Nain4anaHblNaTblH CKaHep
cekyHabiHa 50 000-fa geliH enWweHreH HyKTenepai
aNyfFa MyMKiHAiK 6epeai. CkaHepAaiH aanairi 4 mm-re
neniH, naeangbl *Kafganga 100 meTp KalbIKTbIKTA.
MaKcmanabl KalwbIKTbIK CKAHEPAEHTEH OO BEKTIHIH,
Wwarblibicy KabineTiHe 6aknaHbicTbl XoaHe 300
meTpre KeTegni. CKaHepneyaeH KeiiH CKaHepAaiH eKi
CTaHUMACbIHAH afblHFaH HyKTenepaiH, O6ynTTapsl
OOBbEKTIHI TeKcepyaiH, MaKcMmasabl canacbiH any
ywin Tirinegi. Tiry 6ainaHbicToipywbl benrinepre
COMKecC y3ere acbipblaagbl. J1azepnik ckaHepneyAiH,
bIHFANABINbIFbI - 9PO6IP CKAHEpP/IEHreH HYKTe YLiH

KoOpAMHATTapAbl Ke3-Ke/lreH »yiede opHaTyFa
60naTbIHAbIFbI. bepinreH HYKTenepaeH
KoopauHatTap GPS  KemerimeH  aHbIKTanapl.

Nasepnik ckaHepneyain Tafbl 6ip 6acbimablfbl - 6yn
OODBEKT YLWIiH CKAHepaey KaWl Kepae XaHe Kal
HYKTeZEH »Ky3ere acblpbliaTbiHbl MaHbI3Abl eMec,

reoaesunAnbik CinTemeci
xeTyre

COHAbIKTaH CKaHepaiH,
KaXkeT emec XaHe
CKaHepneyre 6onagapl.

KUbIH  Xepnepai

Cypert 5 — CKaHepney Ke3iHAe aNblHFaH HYKTeNiK
bynt

HbicaHabl CKaHepaereHHeH KewiH, KypblafblaaH
anblHFaH paepekTep "Cyclone" 6argapnamanslk,
»KacaKTamara Xibepineai, on HykTenep 6yntrapbiH
eHaeyre, O0ObeKkTinepai Mopenbaeyre  KoHe
b6ipkatap  KondaHbanbl  ecenTepai  Wwewyre
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MYMKIHAIK 6epegi. Bi3 anfawkbl HaTuxKenepai
aNfaLKbl caya/lHaMaHbIH, MaNiMeTTepiH
eHAereHHeH KeliiH angpblk. bactankblaa 6i3 Kypblabic
KesiHge aybITKy1ap 60nFaH-601MaFaHbIH
aHbIKTaAbIK. HyKTenep maccuBiH eHaereHHeH KewiH
FUMAPATTbIH, eAeHAiK »Kocnapbl CanblHAbI KaHe
OHblH, TiK LWeKapanapbl 6oMblHWA 6ipiHWIi XaHe
KMbIPMACBIHIWbI KabaTTblH, AeHreii fUMapaTTbiH,
TOpT bypbiwbIHa calikec 5, 10, 3, 3 Mm-re 6eniHeTiHi
Tangavapl. Snip 3.03.01-87 "MyK KeTepriw KaHe
KOPLUAY KOHCTpyKumsanapbl" iWiHEH XYK KeTepriw
KabblpFafapablH, TifiHEH  aybITKYbIHbIH, ~ pyKcaT
eTiaireH Hopmanapol 20 MM-AeH acnaybl Kepek.
EKiHWi  Tancelpma  6oMblHWa - wery
KbINAAMABIFbIH AHBIKTAY YLUIH FUMAPATTbl anFaLLKb
CKaHepney KesiHae 6i3 ofaH 6alNaHbLICTbIPYLLbI
benrinepai 6ekitin, onapablH, KOOPAMHATTAPbIH
aHbIKTadblK. Ocblnaliwa, 06bEKTIHI KeiHri 3epTTey
KesiHge oNnapabliH, OpbIH aybICTbIpyNapbIH
KoopaMHaTTap 6OoWblHWa 6aKblnayfa MYMKIHAIK
Tyabl. HoTuxKenepai 6-cypeTTeH kepyre 6onaabl.

Cypert 6 - CKaHepaey HOTUXKecCiHAE aNblHFaH
MapKanapablH KOOpAMHaTTapbl (Kapalua)

ObbekTire OpHaTbINATbIH KaHe Tayfirine 24
cafaT anTtacblHa 7 KyH 60naTblH afoanabiH
OepeKTepiH TyCipeTiH oHe XibepeTiH TypaKThbl
MOHUTOPUHT  KyMlenepiHeH anblpMaLUbINbIFbI,
mepsimaj MOHWUTOPWUHITIH, M3Hi O0bBbEKTIHI
CKaHepneygai kaHe benrini 6ip yaKbIT apanbifbiHaa
bipHelwe UMKAMEH AepeKTepai eHaeyai KamTuapl,
KYpaeni KoHAbIpFblnap KaxkeT emec. Eki »Kafoalhiaa
[a OH, JKoHe Tepic KaKTapbl 6ap, 6i3giH Karganga
MOHUTOPUHITIH, eKiHWIi 3A4iCiH Kon4aHy yTbimAapl
wewim 6ongpbl.

Bi34iH,  KYMbICbIMbI3AbIH, ~ eKiHWi  Ke3eHi
OOBbEKTIHI anfallKbl CKaHepnereHHeH KeWiH TepT
angaH KeliH 3epTTey 6onabl. ©nweyaiH ekiHwi

UMKNiIHOE €Ki CKaHepaey CTaHUMACbI KIHe TOfbl3
6ainaHbICTbIPYLLbI 6enri opHaTbINAbl.
BalinaHbicTbipy (6afmapnay) canbiHbIN  KaTKaH
0bBbEKTIHIH, CbIPTbIHAA TYPaKTbl bekitinreH 6enrinep
60olMbIHWA e/Wey apKblibl Ky3ere acbipblagpl.
EKiHWIi cKaHepney KesiHae afblHFaH AepeKkTep Age

eHaengi. bapablK, KarKeTTi HYKTeNepAaiH,
KoOpAMHATanapbl aHblKTanabl, onap 7-cypetre
KepceTinreH.

Cypert 7 - CKaHepney HaTUKecCiHAe aNblHFaH
MapKanap KoopAuHaTtTapbl (aknaH)

ANnblHFaH €Ki HaTUXeHi Tangan oTbipbin, 6i3
6enrinepimisain, KOopAuHaTTap 6olibiMeH
KbUUKYbIH  @aHbIKTAM angplk, JKoHe CoMKeciHwe
fuMmapaTt weryi 6onfaH-60nMaFaHblH  TangadblK.
HaTtuxkenep 2-kectene KOpCeTiNreH.

Kecte 2 - fumapaTTbiH biIKTUMan gedopmaumacbl MeH
LWeryiH aHbIKTay YLWWIiH CKaHepaey HaTUXenepiH Tanaay

Mapkanap
Mapka X Y z apacblgafbl

apaKallbIKTbIK,

CkaHepiey aepekTepi (kapawa)

m5 | 73.582 | 181.770 | 15.016
26.949
m13 | 73.584 | 154.823 | 15.358
CKaHep/iey gepekTtepi (aknaH)
m5 | 73.586 | 181.769 | 15.011
26.950
m13 | 73.588 | 154.821 | 15.347

Ocblnaiiwa, m5 6enrici 5 mm BMiKTIKKe, an m13
11 MmM-re XKblXKbIFaHbIH Kepemis. byn fMmapatTbiH,
eKi KeTepriw Kabblpra 6GoibimeH bGipKenki emec
opHanacybl Typanbl curHan 6Gepepi. Ananga,
KYpbl/ibIC HOpManapbl mMeH epexenepiHeH KHXE
2.02.01-83* «fumapaTrap MeH KypblabiCTapablH,
ipretacrapbi» FMMapaTTapAabiH, ipreTactapbiH
OTbIPFbI3yAbIH, PyKcaT eTiireH Hopmasapbl 10 cm
Kypangbl. OcblgaH KapacTblpblibin OTbIpFaH 06BbEKT
KOJIAAHbICTaFbl HOPMaJiap MeH epexkesniepre calkec

=74 ——
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KOonamnol LWeKTepae 6o0naabl Aen KOpbITbIHAbI  TaKipubeHi  kyiheney  apkblabl  aedpopmaumsa

»Kacayfa 6onaapbl. cebenTepiHiH TOPT Herisri TobbiH benyre 6onaapl:
1. CblpTKbl TEXHOTEH/AIK XXaHe Tabufn acepnep;
KopbITbiHAbI 2. NanpganaHyapiH KOCMNap/bl LIAPTTAPbIHbIH,
L. esrepyi;
I’eo,u,esmu{lb.uq. 5b'3MET HOPCETY Kaslprl yarblTra 3. TeXHUKaNbIK KaTeNep *KaHe TEXHONOTUANDbIK
KYPbIIbIC OHAIPICIHIH, aXKbIpamac *KaHe eH, KayanTbl aKkaynap;

6eniri 6onbin Tabbinagbl. TypFblH YA KeleHAepiH
Cany KesiHOe reofe3vAnblK KYMbICTapAbl esiey
MeH OpblHAAYAbIH aHa ajicTemenepiHiH nanga
bonybl eHbeK eHimainiriH egayip apTTbIpyfa
MYMKIHZIK 6epai.

Ocblnaniwa, Herisri HaTuxKenepai Kenecigen
TYKbIpbiMAayfa 6onaabl:

1. Kypbl/bicTapablH, aedpopmaumAcbIHbIH,
cebenTepi aHbIKTanapl. Kypblabic 06bekTinepiH cany
JKoHe  naiganaHy  6OMblHWA  KMHAKTanfaH

4. TeTeHwe acepnep.

Jedopmaumanapapl  6akbliayaplH,  OHTaWAbI
reofesuanbliK aaictepi 6akblnayablH, KenuwiniriHae
Ko/gaHblnagbl. Ananga, YCbiHbIFaH  aaicTep
Ta/lanTapFa CoMKeC KeNIMEWTIH, *KYMbICTbIH *KOFapbl,
09N KbINAAMAbIFbIH - Tanan  eTeTiH  KYMbIC
KafganbiHoa — GakblnayablH,  6acka  agicTepiH
KongaHy Oyn Kafgainap Tancbipbic 6epylliHib,
MaKcaTTapblHa 6alNaHbICTbl K3HE 3KOHOMMUKaNbIK
KayincisgikneH aHblKTanaapl.

Ocbl makanara cinmeme: Ypasbaes .M., AntaeBa A.A., Koxaes X.T., MyctadmH M.I. UNHKeHepniK KypblibiCTapablH,
aedbopmaLmManapbliHbiH, reoAe3nasblK MOHUTOPUHT // KoMnaeKcHoe ucnonb308aHue MuHepasasHo2o cbipbs = Complex Use of
Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu.. - 2021. - Ne. 2 (317), -6. 69-77.
https://doi.org/10.31643/2021/6445.20
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Feope3nuyecknii MOHUTOPUHT 33 AedOpPMaLMAMU UHIKEHEPHDIX COOPYXKEHUMN
lypasbaes .M., *Antaesa A.A.,'Koxkaes ¥.T.,> Myctapun M.T.

1Satbayev University, Aamamol, KazaxcmaH
2 Cankm-lemepbypz may-KeH ici yHusepcumemi, CaHkm-lemepbype, Peceli
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AHHOTALUMA

K coXaneHunto, BCEBO3MOKHble BHewHMe GaKTopbl, Kak aHTPOMOreHHOro, Tak U NPMPOAHOro Xapakrepa
CNoCcOBCTBYIOT TOMY, 4YTO BCE PYKOTBOPHbIE COOPYKEHWA noagepratoTca  AedpopMaLMOHHBIM
BO34ENCTBMAM. [e0fe3MYEeCKUn MOHMTOPUHT 343aHWUIN U COOPYKEHWUIN, CBOEBPEMEHHOE BbIABIEHUE
nedopmaumii U UX ycTpaHeHMe — 3TO 3a/0r AONTON 3KCNIyaTauuu 34aHus. MOHWUTOPWHT - OAWH U3
BaXHEMLIMX MHCTPYMEHTOB obecneyeHMs HaLEXHOCTM M 6e30MacHOCTM  MHOFO3TaMKHbIX M
KPYNHOMAacWTabHbIX 34aHWUIN U COOPYKEHWIA NPU CTPOUTENLCTBE M SKCMIyaTaumn. 3HaUMTE/IbHbIN 06bem
MHCTPYMEHTA/IbHOTO KOHTPOAA MPU CTPOMTENLCTBE WM 3KCIJIyaTaLmMW OCYLLECTBAAETCA reofe3nyeckumm

MNoctynuna: 22 mapma 2021 meTogamn. Meopesmyeckme MeToabl MUCMONb3YHOTCA ANA ONpefeneHUs KaK JIOKalbHbIX, Tak M obwmx
PeueHsnposaHue: 21 anpens 2021 nedbopmaumnii  30aHUIA U COOPYKEHWUW, OTKIOHEHWA HECyWMX, OrpaxAaloWwmx KOHCTPYKUUA OT
MpuHATa B nevatb: 14 utoHa 2021 BEPTMKA/bHbIX M MPOEKTHbIX YepTeenl, GpyHAAMEHTOB M OCAOKM TPYHTOB, MO KOTOPbIM crneuuanbHo

OLLeHMBAETCA TEXHUYECKOE COCTOSHUE 34aHNA UK coopyeHuda. CerogHa aHanms gedbopmauuii - BaxkHas
334a4a A1 KaXKOoro pervoHa Halwel CTpaHbl, OCOBEHHO A/1 YYacTKOB C WM3MEHEHWAMU 3eMHOW
nosepxHocTu. 06iacTb uccneposanma aepopmaumin B Pecnybimke KasaxcrtaH J0CTaTOMHO Pa3BUTa U CTb
MHOr0 Heo6X0AMMbIX MaTepuasiosB ANA BbIABAEHWUA TaKMX M3MEHEHWI. B Hallei cTpaHe opraHM3oBaHbl
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cneuuanbHble CAYK6bl ANA ynpaBAeHWs 6bIMUM  penepHbIMM TOYKAMM M aHanusa pesybTaTos
BbICOKOTOUHbIX M3MEPEHU B HECKONbKO LMKIOB AR BbIABAEHWUA I0BbIX U3MEHEeHW Ha 3emHoW
nosepxHocTU. MoaTomy B AaHHOW CTaTbe npeacTasneH 0630p KAACCMYECKUX METOAOB reofe3nyeckoro
KOHTPOAA, @ TaKKe WMHCTPYMEHTOB U TEXHO/IOTUIA, UCMONb3YEeMbIX ANA ONPEeAEeNeHUA KONMYECTBEHHbIX
XapaKTepUCTUK AedopmaLnii MHKEHEPHbIX OO bEKTOB.

KnioueBble c/10Ba: MOHWUTOPUHT, reoAe3nyeckuit KoHTposb, Aebopmaumsa, GNSS, nasepHoe ckaHMpoBaHUe,
3/IEKTPOHHbI TaxeomeTp, LMdpPOoBOE HUBENIUPOBAHUE.
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Plasma electrolytic oxidation technology for producing protective coatings
of aluminum alloys
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ABSTRACT
Today, the technology of hardening the surface layers of parts and the creation of protective
coatings on the surface with high physical, mechanical and chemical properties is particularly

Received: 12 March 2021 effective. The article reviews the most promising innovative technologies for surface hardening
Peer reviewed: 04 May 2021 of aluminum alloys — plasma electrolytic oxidation (PEO). Possible conditions and mechanisms for
Accepted: 14 June 2021 the formation of protective coatings on the surface of aluminum alloys are considered. The

influence of the main parameters of PEO processing (electrical parameters, composition and
concentration of electrolyte, the influence of alloying elements) on the structure and properties
of oxide-ceramic coatings has been studied. The qualitative characteristics of the surface layer of
samples and finished products made of aluminum alloys have shown the effectiveness of the
PEO technology, which makes it possible to obtain ceramic coatings with high hardness, strength,
increased wear and corrosion resistance. Possible areas of application of high-performance
technologies for the deposition of protective PEO coatings on the surface of products made of
aluminum alloys are proposed.
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AHHOTALUMUA

Ha cerofHALWHMI AeHb TEXHONOMMA YNPOYHEHNA NOBEPXHOCTHbIX C/I0EB AeTanei U co3paHue Ha
MOBEPXHOCTU 3aLUMUTHBIX MOKPLITUIA C BbICOKUMU (DUUKO-MEXAHUYECKUMU U XMMUYECKUMM
cBoicTBammn  aBaaloTcA  0cobo apdekTMBHbIMU. B cratbe nposBeseH 0630p Haubonee
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NepcrneKkTMBHOW MHHOBALMOHHON TEXHONOMMW MOBEPXHOCTHOTO YMNPOYHEHUA anloOMUHUEBbIX
CMNaBOB — M/Ia3MEHHOT0  3/1eKTPOIUTUYECKOro  oKcuamposaHua  (M130). PaccmotpeHsi
BO3MOMHbIE YCNI0BMA M MEXaHU3Mbl (GOPMUPOBAHUA 3aALUMUTHLIX MOKPbLITUIA Ha MOBEPXHOCTU
aNlOMVMHMEBBIX CMMABOB. M3yyeHO BAUAHME OCHOBHbIX napameTpoB 30 o06paboTku
(aneKTpryecknx napameTpoB, COCTaBa M KOHLLEHTPALMU 3N1EKTPOAWTA, BAWUSHWE NErMpyloLmx
3/IEMEHTOB) Ha CTPYKTYpy M CBOMCTBA OKCUAHO-KEPaMMUYECKMX MOKPbITUIA. KauecTBeHHble
XapaKTEPUCTUKM NOBEPXHOCTHOrO /108 06Pa3sLOB 1 FOTOBbLIX U3AEMI U3 aZIlOMUHUEBBIX CMIABOB
nokasanu apdeKkTUBHOCTL TexHonornu M0, NO3BONAIOLMM MNONYUUTL KEPAMUYECKME MOKPLITUA
C BbICOKOM TBEPAOCTbIO, MPOYHOCTbIO, MOBBIWEHHOW M3HOCO- U KOPPO3MOHHOCTOMKOCTbIO.
MpeanoxKeHbl BO3MOXKHble 06/1aCTU NPUMEHEHUS BbICOKOIPDEKTUBHBIX TEXHONOTUIN HAHECEHUA

3alWMNTHbIX I'IOKprTVIﬁ M30 Ha noBepxHOCTU M3,D,e!114171 U3 aNtOMUHUEBDIX CN1aBOB.

Kniouesble cno8a: nnasmeHHOe 3N1eKTPONUTUYECKOE OKCUaMpoBaHue, ANtOMUHMEBbIV cnnas,

KepamuyecKkue NOKPbITUA, KOPPO3KA, CTPYKTYPa, CBOMCTBA.
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BBegeHue

LUnpokoe npumeHeHue nerkux metannos (Al,
Mg, Ti) M cnnaBoB Ha WX OCHOBE BO MHOMMX
OTpacnAx MPOMbIWAEHHOCTW, B TpaHcnopTte, B
CyAOX0ACTBE, B BMOMEANLMHCKUX YCTPOMUCTBaX U B
aBMAKOCMMYECKOMW  TEXHUKe, B  OCHOBHOM,
06YyCNOBNEHO WX HWU3KOM NAOTHOCTbIO M XOpOLUel
06pabaTbiBAEMOCTbIO Pe3aHMEM MO CPaBHEHWIO C
TPAANLMOHHbBIMM KOHCTPYKLMOHHbIMM
maTepuanamm Ha OCHOBe Kenesa. B uacTHocTw,
aNtoOMUHUEBbIE CM1aBbl 61arofaps CBOen BbICOKOM
YyAEeNbHOM NPOYHOCTM, XOPOLLE yaapHOM BA3KOCTH,
NOBbILIEHHOM 3NEeKTPUYECKOM "
TENJIONPOBOAHOCTU, ABAAIOTCA OAHWM M3 CaMbIX
BOCTPebOBaHHbIX MaTePUANOB BO MHOMMX OTPACAAX
HaYKM U TeXHWKU. O4HAKO, OTHOCUTENIbHO HW3Kan
TBEPAOCTb M M3HOCOCTOMKOCTb  aNtOMUHMEBBIX
CniaBoB 3HAUUTENIbHO orpaHMYMBaloT nx
NPUMEHEHNA B COBPEMEHHbIX YC/OBUAX.

B cBAsn ¢ 3TMm, paspaboTKa  HOBbIX
MPOrPecCcUBHbLIX  TEXHONOTMM  MOBEPXHOCTHOrO
YNPOYHEHUA U HAHECEHUSA 3aLUUTHbBIX NMOKPLITUIA Ha
NOBEPXHOCTWU FOTOBbLIX U3AENUIA U3 aNOMUHUEBDIX
CMNNaBOB MMeeT 60/1bLIoe NPaKTUYECKOe 3HAYEHME.

Hanbonee 3¢ PEKTMBHDBIM MeTo40M
NOBEPXHOCTHOFO YNPOYHEHUA NEFKUX CMJIABOB,
No3BOAAKWMM MOAMOULMPOBATL MOBEPXHOCTb U
cbopmmpoBaTh 3aLMTHOE MOKPbITUE, ABAAETCA
meToa, NJ1a3MeHHOro 3N1EKTPONUTUYECKOTO

okcuampoBaHua (MN30). dopmupyembie Npu 3TOM

OKCUAHO-KEepaMUYecKMe  MOKpbITMA  obnapatoT
BbICOKOM TBEPAOCTbIO, NPOYHOCTbIO,
YKapOCTOMKOCTbIO 7 OV3JIEKTPUYECKMMU
csoiicteamn  [1]. N30 npeacraBnsetr cobo

TEXHO/IOTUIO OKUC/IEHMA MOBEPXHOCTU AeTanen [o
COCTOAIHUA TYronnaBKUX OKWUCAOB METANN0B MU
CnaaBsoB nosa aenctemem NCKPOBBIX
MWKpPOPa3psaaoB (nnasmbl) B BOAHOM pacTBope
3/IeKTPONUTA.

MeTon  NNa3sMeHHOMW  3N1EeKTPOAUTUYECKOM
06paboTkn sBnaetca rMbpuaom TpPagMUMOHHOIO
3NIeKTpPoan3a M npouecca aTmochepHoOM Naasmbl U
ABnsetca o06/acTblo UCCNeAoBaHUA B  TeyeHue
MHorux net. Kennor [2] 6bin ogHMM M3 NepBbIX
YYEHbIX WCCNELOBABLUMA M OTKPbLIBWMKKA NyTb K
JanbHeNWeMy MO3HaHWIO [aHHOM TEXHO/IoTUM.
Mossxke, EpoxuH A.Jl. u coasT. [3] nposenu
3HauUUTENbHYIO paboTy B 3TOoM obnactu, uccrepys
daszoobpasosaHne B 30  NOKPbLITUAX U
chopmMpoBaB TeopeTUYECKYD MoAeNb, KOoTopas
noaxoamuT ANA oueHKU ¢dasbl MOKPbITUA Ha CTagum
npoekTupoBanHua M30. Knouesoi onpegenstoweit
XapaKTepucTMkon TexHosormm [MI0  sBnaetca
MHOTOKpaTHoe obpazoBaHue naasMmeHHbIX
MWKPOPas3pAL0B Ha MNOBEPXHOCTM o0b6pa3ua, B
KOTOPOM MeTan/ NoA/I0XKKM Npeobpa3oBbiBaeTcs B
oKcua, HecmoTpa Ha CNOXHOCTb
3/IEKTPOXMMMUYECKMUX W MJIa3MEHHbIX MPOLECCOB,
npotekarowux npu N30, mHorMe uccnegosatenu,
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OPUEHTMPYACL Ha XapaKTep MCKPOBOro paspsasa,

npegnaranun Pa3Hbie MeXaHU3Mbl MOAEHGVI
npouecca BO3HUKHOBEHUA NN1a3MeHHbIX
MWUKPOpPa3pAaAaos, rge OTMedaeTCA 3HayduTesibHoe

npoasuxeHne B 3ToM obnactu [4-6]. OrpomHoe
KO/IMYECTBO APYrUX MCCNefoBaHUA NO U3YYEHUIO
TexHonornit N30 npoBoAATCA MO BCEMY MUpPY
HauMHas oT ¢yHAameHTanbHOW Hayku [7] Ao
NPaKTUYECcKoro npumeHeHus [8,9].

M20-NoKPbLITUA HA NOBEPXHOCTU ANOMUHUEBDLIX
CNNAaBOB  XapPaKTEPU3YIOTCA MPOYHOM, XOPOLLO
npueratoLle K OCHOBaHUIO CIOUCTOMN CTPYKTYPOIA.
TOHKM  nepexofAHO C/NOWM  Ha rpaHuue ¢
OCHOBaHMEM OTBEYAET 33 €ro aHTUKOPPO3MOHHbIE
csonctBa. OcHoBHOM cnoit  [I0-NOKPbITUA  Ha
cnnaBax, Kak MpaBuo, BKAOYAeT KopyHA o-Al;Os,
KOTOPbIA MMEET BbICOKYIO MMUKPOTBEPAOCTb MU
obecneynmBaeT XOpPOLIY M3HOCOCTOMKOCTb [8].
MoKpbITMA C TaKOW CTPYKTYpOi ob6nagatoT Hapaay ¢
BbICOKOM TBEPAOCTbIO 7 NPOYHOCTbIO
O[lHOBPEMEHHO OTHOCWUTE/IbHOW NAACTUYHOCTbIO.
OHU 30dDEKTUBHO COMPOTUBAAIOTCA MaKpo- U
MUKPOPa3spyLIEHUAM, 3p03MOHHOMY N3HocCy,
KaBUTALMOHHbIM 7 BUBpPOAMHAMNYECKMM
Harpyskam.

B ocHOoBe WHHOBALMOHHBbIX
npegnaraembix B nccnenoBaHuu, nexar
HaHOCTPYKTYpPUpPOBaHHbIEe cnnasbl
(HaHOpa3mepHble YacTULbl YIPOUYHAOLWMX MaTpULy
¢as) u nokpbiTna. NogobHble pa3paboTkn Bceraa
OKa3bIBAlOT NOIOKUTENbHOE B/IMAHUE Ha Pa3BUTME
HayKM U TexHosormn. MoryT CAYyXUT UCTOYHUKOM
HOBbIX naen no CO34aHuto Apyrux
HaHOMaTepuasoB, HAHOKOMMNO3UTOB, B TOM 4uc/e
rMBpPUAHbIX, C UCNO/NIb30BAHMEM OPraHUYECKUX U
NoAMMeEpPHbIX MaTepuanos. OnbIT NOKa3bIBAET, YTO
NPUMEHEHWE TaKUX MaATepPUanoB B TEXHUKE MU

TeXHON0rnNM,

TEXHO/MIOTMK,  BMOJIHE  MOTYT  MPMBECTM K
NPOpbIBHBIM pe3ynbTaTam. Tak, npeanaraemas
TEXHO/MIOTUA MMeEeT peasibHble MpenmyLLecTBa

nepej CcywectsyrollMMn aHasioramu.

MHHOBaUuMOHHasA TexHonormua M0 u ee
npeuMmyLLecTsa

HecmoTpsa Ha To, uTto TexHonorma M30 nssecTHa
yke 6onee 30 neT, HO A0 CUX NOP He Moay4yuna

LWUMPOKOrO  MPUMEHEHUA MO  CPaBHEHUIO C
M3BECTHbIMM  TEXHONOTMAMM  OKCUMAMPOBAHUA
aNloOMUHMEBbIX  CMaBOB -  MMKPOAYrosoe
okcuguposaHne (MAO) [10]. Tak npu MAO
NCMONb3YIOTCA npocTble KOHAEHCATOpPHble
WUCTOYHWUKU  MUTAHUA  TEXHOJIOTMYECKUX  BaHH,

paboTatowme Ha nNpombiwaeHHon yactote 50 Iy,
OCHOBHbIMM  HegocTaTKamu  TexHonormn  MAO
ABNAIOTCA HWM3KaA MPOM3BOAMTENBHOCTb MpoLlecca,
60/blUanA 3HEProemMKoCTb M CAOUCTOE CTPOEHME
nosiy4aemoro MoKpbITUA (NpM  3TOM  MOPUCTbIN
aedekTHbI cnoli coctaBnset 30—-40%). Takxke npu
TexHonornm N30 ncnonb3oBaHUe YAbTPAKOPOTKUX,
KOPOTKMX MOLLHbIX MMMY/IbCOB TOKa MPUBOAMUT K
06pa30BaHUIO  BbICOKOTEMMNEPATYPHbIX TBEPAbIX
ba3 OKCMOOB aNOMUHMA YKEe B OTHOCUTE/IbHO
TOHKMX NOKPbITUAX (10—20 MKM), YTO HEBO3MOXKHO
npu cnocobe MAO. OcobeHHOCTbIO TexXHOJIornK
M30 ABnAeTcA  BO3MOXHOCTb  0bBpa3oBaHuA
TyronnaBknx  ¢as, Hanpumep, AlLO0s. a-AlOs3
ABNAETCA OCHOBHbIM KOMMOHEHTOM MPUPOLHOrO
KOPYHA3, KOTOPbIN npossaset XOpOLUYH
XMMMUYECKYIO CTabWAbHOCTb M He BCTynaeT B
peakumio C KMCNoTol. B pesynbTaTe obpasoBaHue
o-Al;O3 yny4ywaeTcA KOPPO3MOHHAsA CTOMKOCTb
NOKPbITUN.

Bnarogapa ceoelt npoctote obpaboTka 30
YCMELWHO KOHKYPUPYIOT MO CTOMMOCTM TaKXKe C
BaKYYMHbIM HaHECEHMEM MOKPbITUA U MeToAaMM
aneKkTporanbBaHukM [11, 12]. MpensaputenbHas
NoAroTOBKa MOKPbLITUIA COCTOUT TONIbKO B OYMCTKE U
06€e3KMpPUBaHUN. HUKAKUX [OMNONHUTENbHbIX Mep
BPOA4E OTXKWUra WUAN NMOBEPXHOCTHOM aKTUBALMMK He

TpebyeTcs.

TexHonorua N0 HOBOTO NOKO/IeHUA
CYyLLEeCTBEHHO oT/In4aeTcsa oT N3BECTHbIX
KoMmepuecknx TexHonornin N30 (Keronite n gp.)
[13]. 3TM  wm3BECTHble  TEXHONOMMU  UMELT
OTHOCUTENbHO HU3KYIO NpPOV3BOAUTEIBHOCTb

npouecca (0,5-1,0 MKM/MWH), 4TO cAepXMBaET UX
npumeHeHne B cepuiMHOM npousBoacTee. Kpome
TOro, OTHOCWUTE/IbHO  TOHKME  KepamMuyeckue
NOKpPbITUA TO/ILLMHOWN 10-30 MKM npu
MCNONIb30BaHUM 3TUX TEXHONOrMI He obnagatoT
[0CTaTOYHOM MUKPOTBEPAOCTbIO n
WN3HOCOCTOMKOCTbIO.

TexHonorma M30 -  3T0  WMMNYAbCHbIN
BbICOKOBOJ/IbTHbIA ~ @aHOAHO-KAaTOAHbIN  MpoLlecc
OKCMOMPOBaHMA, MNPOBOAALLMNCA HA  BbICOKMX
yacToTax, 4To obecneynmBaeT MeHee MNOPUCTOE U

6osee nnOTHOe MNOKpbITME. Wcnonb3yemblt B
AaHHOW TEXHO/I0TUK MMKponpoLeccop
obecneumsaer yeTKoe COOTHOLIEHNEe
ONVTEeNbHOCTEM WM MOLLHOCTEM  aHOAHbIX U

KaTOAHbIX MMMY/IbCOB TOKa. YnbTpakopoTkue (15—
100 MKC), HO [OCTAaTOYHO MOLHble GUNoONsPHbIE

mmMmnynbCbl TOKa WU HaANpAXeHuA  NOo3BOJIAKOT
peann3oBatb BbICOKYHDO CKOPOCTb Harpesa U
naasneHnA NOBEPXHOCTHOIoO cnoA meTanna.
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EbICTpOG oxnaxageHue n Kpuctannmnsauma
OKUCNEHHDbIX MVIKpOO6'bEMOB mMaTepuana
npoucxoaunT B I/1IEKTPONUTE, 4yTO co3gaet
6ﬂaI'OI'IpMF|THbIe ycnosua AanAa O6pa3OBaHMFI

HaHOKPUCTANNYECKNX OKCMAHO-KepammnyecKkmx
CTPYKTYp. Pasmepbl KpUCTaNIoOB B MOKPbITUMK
coctasaaoT 50-150 Hm. lMpouecc okenanposaHUA
BeAeTca Npu vyacTtote caenoBaHma nmnynbcos 3—10

KL, ¥ amnautygax WMMOYAbCOB  HaMNPsiKEHW:
aHoaHbIXx — 1000-1700 B, KatogHbix — 350-500 B.
MNonyyeHHOe  HAHOCTPYKTYpHOE  Kepamunyeckoe

NOKpbITUE MmeeT MuKpoTeepgoctb HV1300-1700,
moaynb ynpyroctn 320-340 [Ma, aaresMoHHy U
KOresnmoHHyto npoyHoctb 300-350 MMa [14].
ToAWwMHa 3aLWLUTHOTO NOKPbLITUA MOXKeT b6biTb 10-60
MKM.

MuKponopucrtaa CTPYKTypa Ha MNOBEPXHOCTU
usgenuii, KoTopaa obpasyiTca nocne 30,
nponuTbiBaeTca GTOPNOSMMEPOM C NOC/EeAYHOLLEN
TepMuyeckolr 06paboTKoi, KoTopas no3BosAeT

co34aBaTb Ha MNOBEPXHOCTW JeTaneil  Hosoe
KOMMO3MLMOHHOE MOKPbITUE C MOBbIWEHHbIMM
KOPPO3MOHHOM, yaapHom n YCTaZI0CTHOM

cTolKocTblo. Mocne o06paboTKM Ha MNOBEPXHOCTM
u3pennii He obpasyetca BHeWHUM AedeKTHbIN
CNOM, 4YTO MO3BONAET MPOBOAUTb MEXAHWUYECKYHD
06paboTKy aeTanelt Ha 06pabaTbiBAOWMNX LEHTPaX
B OKOHYaTes/IbHbIN pa3mep. Taknum obpasom, nocne
N30 pasmepbl AeTanen He WU3MEHSAITCA, U He
Tpebyetca Tpygoemkon OUHUIIHON 06paboTKu.
TakXke, NPUMeEHeHNE aNtOMUHMEBBLIX CMAABOB MpPU
npousBoacTBe  pabounx  getaner  NO3BOAAET:
ynpowatb  TEXHONOMMID WX  M3rOTOBAEHMUS;
COKpalLaTb KO/IMYecTBO TEXHOIOTUYECKUX
onepauui; CHUXKaTb TPYAOEMKOCTb "
cebecToMMoCcTb  U3roTOB/IEHMA  AeTanel ]
obecrneynTb BbICOKYD MNPOU3BOAMUTENBHOCTL U
3KONOrNYecKyto 6e30MacHOCTb. 3ameHa YepHbIX
MEeTa/ZIoB  Ha  a/lOMWHWEBbIE  CMAaBbl  Mpu
Npoun3BOACTBE AeTanel NPUBEAET K CYLLEeCTBEHHOM
SKOHOMWW  3NEKTPOIHEPIMM W K  OTCYTCTBMUIO
BpeAHbIX BbIOPOCOB B OKPYXKAtOLLYHO cpeay.

Tak K npumepy, 000 «MexaHuKa» (r. Mocksa)
paspaboTana M BHeapwaa B NPOU3BOACTBO Ha
npeanpuAatMn  «MeTannmueect-k»  (r.  KasaHb)
HoBytO TexHonoruto M30 [9], ans wmsroToBaeHUA
paboumx cTyneHen 3N1eKTPOLEHTPOBEKHbIX
HACOCOB M3 TENIOCTOMKMX aJIIOMUHMEBBIX CMAABOB
C 3alUMTHBbIM KepamMuMyecKMm MnokpbiTMem. Takue
paboune crtyneHn 3SUH o6nagatoT  BbICOKOM
WM3HOCOCTOMKOCTbIO W HWU3KOW  LLEepPOXOBATOCTbIO
NoBEPXHOCTW, CNOCOBHbI PaboTaTb HAAEKHO U
ONNTeNbHOE BpemMA B YC/IOBUAX OC/IOXHEHMA
OAHOBPEMEHHO HECKO/IbKMMU pakTopamm [15].

MeTtog M30 umeet psag npenmywiects [16]: a)
WMPOKMIA [MaNa30H CBOMCTB MOKPbITUA, BKAOYaA
M3HOCOCTOMKOCTb M KOPPO3UMOHHYIO CTOMKOCTb M
apyrue dYHKUMOHaNbHbIe CBOMCTBA
(TepmoonTuyeckue, ON3NEeKTpUYecKue,
Tpubosornyeckne, TBEPAOCTb, MNPOYHOCTL); 6)
OTCYTCTBME YXYAOLIEHUS MEXaHWYECKUX CBOWCTB
maTepuana NoA/I0XKKM BbI3BaHO HU3KOWM
TENIONPOBOAHOCTbIO C/MI0A MOKPbLITUA; B) BbICOKan
NPOYHOCTb cneuseHna (agresus) mexay
MOKPbLITUEM U OCHOBOM; ) €CTb BO3MOXHOCTb
06paboTku aetanem co C/IOXHbIMMN
reomeTpuyeckumn  dopmamm  uam  6onblumx
pa3mepos; 4) obopyaoBaHue npocToe un yaobHoe B
3KcnyaTalumMu; €) HU3Kana CTOMMOCTb, He TpebyeTcs
3aWMTa € MUCMNONb30BAaHMEM  BaKyyma  wWau
cneupnanbHoOM rasoBoit atmocdepsbl; ) TeXHoNOrms
SKOJIOTMYECKM 4WCTas, TaK KaK WMCMNOJb3yloTca B
OCHOMHOM LLLENIOYHbIE 3NEKTPONUTLI, U B NpoLecce
OTCYTCTBYIOT BpeAHble BbIOPOCHl, COOTBETCTBYET
TPeboBaHMAM 3KOMIOTMYECKM YMCTON TEXHONOTUM
MoANOUKALMMN MOBEPXHOCTH.

CnepnyeT OTMETUTb TaKXKe Hay4Hbl UHTepec Nno
KOMOWHMpoBaHMIO  npouecca 130  pasHbimK
OOMNOJIHATENIbHBIMM METOZaMM KaK 30/b-Tesb, O
noslyYyeHus bonee YAYULLEHHbIX CBOMCTB
KOppPOo3MOHHOCTOMKocTM M30-nokpbitnin  [17], u
npeABapuTeNbHOro aHOAMPOBAHUSA, AN CHUMKEHUS
3HepronoTpebaeHun 0bpaboTKku Mn3ao n
yBe/IMYEHMA MUKPOTBEPLAOCTM NOKPbITMIA [18].

BnaunaHue napametpos 06pabotku N30 Ha
CTPYKTYPY U CBOICTBA NOKPbITUA

MwukpocTpyktypa  M30-nokpbiTiA  06bI4HO
OTHOCUTE/IbHO CNOXKHasA. CTpyKTypHble
nccnefoBaHUsA OObIYHO BbIABAAKT TPU YETKUX
0621acTK B NOKPbITUAX, NOAYyYEeHHbIX meTogom M350
Ha a/JlOMWHUMEBBIX chsaBax. opuctada HapyKHas
obnactb cocTouT NnpenmyLLEeCTBEHHO n3
HM3KOTEMMNEPATYPHbIX peHTreHoaMopdHbIX  das.
MnoTHas BHyTpeHHAs obnactb dopmupyetca npwm
BbICOKOTEMMNEPATYPHOU MOAMPUKAUMM, TOFAA KaK
KOMNAeKCHble $asbl 31eMEHTOB CNAABa MNOAJI0MXKM
Hab0Aal0TCA B TOHKOM MeXXdpa3Hon 06/1acTu HUKe
3TOro nAoTHoro cnos. OTHOCUTENbHbIE pPa3mepsbl
3TUX obnacten, UX CTPYKTypa, COCTAaB M CBOWCTBA
noABep KeHbl CyLLecTBeHHOMY B/IMAHUIO
napameTpoB pexxnmos ob6paboTkm [8].

B HactoAwee Bpema yyeHbIMU UCCAeOyOTCA
pa3finyHble acnekTbl Kak camoro npouecca 130,
TaK W CBOWMCTBa popmMUpyeMbIX NPU STOM npouecce
M30-noKpbITUN Ha Nerkux cnnasax. Uccneayrotea




KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Coipbs. Ne2 (317), 2021

ISSN-L 2616-6445, ISSN 2224-5243

dakTOpbl, BAMSOWME Ha Mopdonornto, $asoBsbii
COCTaB, MexaHun4yeckne n ¢u3nMyeckme CBOWCTBA, a
TaK¥Ke Ha 3alWMTHY0 CNocobHOCTb MI0-NOKPbLITUN.

UccnepoBaHne  mexaHMsma  obpasoBaHuA
MOKPbLITUA MNO3BOJIMAO  CYLLECTBEHHO PACLIMPUTD
3HaHMA 06 OCHOBHbIX (AKTOpax, BAUAIOLMX HaA
CTPYKTYPY M CBOMCTBA OKCMAHbIX MOKPbITUM Mpu
npouecce [130: pexMm nonapusylowero TOKa,
HanpAXeHWe, 4actoTa, KOIPOULUMEHT 3aN0SHEHMUS,

cocTas " KOHLUEHTpauua 3/1EeKTPONUTA,
NPOAO/TKNTENIbHOCTD OKCUMAUNPOBAHUA, MaTepuan
obpasua u T.4. B uactHocTM, onpeaeneHue

NOAXOAALMX INEKTPUYECKUX MapameTpoB urpaet

pelalwlyo posib B MOAYYEHUU  KelaeMblxX
NOKPbITUN co cneumanbHbIMU ¢$asoBbIMU
KOMMOHEHTAaMW U  MMUKPOCTPYKTYpOWh. [osHble

nccnenoBaHua atux 3¢PeKToB NPoBOAMANCE NPU
0bpaboTke aNtOMMUHUEBBIX CMJ1ABOB.

MapameTpbl TOKa M NONAPU3YIOLWEro CUrHana
HanpskeHna npu N30 OKasbiBalOT CyLECTBEHHOE
B/MAHNE HA CTPYKTYPY M CBOMCTBA OKCUAHOrO C/IOS.
PasnunuHble TeKyWME PerMMbl UCMONb3YIOTCA MNpU
06paboTke MI0, BKAOYAA PEXKMMbI NOCTOAHHOTO,
NnepemeHHOro, YHWMOAAPHOro MAM BUNoNApHOro
uMnynbcHoro Toka [19]. Xota pabota Ha
NOCTOAHHOM TOKE BO3MOMHa (MOKpbITME TOHKOEe
6e3 ocHoBHoro cnos 6oraton a-Al,Os), HoO
HEO4HOKPATHO O6HapYy»KMBaNOCb, YTO MNpouecc
paboTtaeT 6onee 3dpPeKTMBHO, a MOKpbITUA Bonee
KayecTBeHHble MNPU WUCMONb30BaHUN MUCTOYHUKOB
nuTaHua nepemeHHoro n MMMY/IbCHOTO
6MNONAPHOTO TOKA, KOTOPblE NO3BOAIOT YNPABAATb
XapaKTepUCTMKaMM MUKpopaspsata U Tem CamMbiM
nsbexkaTb neperpesa W paspylleHna maTepuana
MOKPbLITUA, YTO MOKET MPOU3OUATU B peRMMax
NOCTOsIHHOTO ToKa [20].

BUNONAPHbLIA peXxum no3sosseT obecneynTb
TOYHbIN KOHTPOb NpoLEecca 3a cYeT BapbUpoBaHUA
OTHOLIEHUSA amMnNAnTyZ,  OTPULATE/bHbIX n
NOMIOXKUTENbHbIX MMMY/AbCOB TOKA, a TaKkKe WX
CUHXPOHU3ALNN, C LENbIO YCTPAHEHMA CUABbHENLLMNX
paspAAoB 414 YAy4YlIeHUa KayecTB MoKpbiTMAa [21].
3HaunTenbHO  AydliMe  cBoicTBa  06pasuos
NOJIly4YeHHbIX B BMNONAPHOM MMMYNbCHOM peXxnme
MOXHO OTHEeCTM K 6osee BbICOKOYACTOTHbIM
MOLIHBIM  MMMyAbCaM TOKa, KOTopble  AaloT
BO3MOXHOCTb  CO34aHWUI0 KOPOTKMX U bonee
3HEPruYHbIX MUKPOPaspAAoB. Kak pesynbTaT, OHU
nmetoT 6onee NAOTHOE MOKPbLITUE, YTO NPUBOANT K
b6osiee BbICOKOM MUKPOTBEPAOCTM U MeHbLUemy
K03pPULMEHTY TpeHMs NO  CPaBHEHU C
06pasuamm, NOSYYEHHbIMW NPU NOCTOAHHOM TOKe
[22, 23]. EpoxvH u gp. [19] npoBenn cpaBHeHue

CBOMCTB KepPaMMYECKUX MOKPbITUIA aNOMUHUEBDIX
cnnasax npu N30, noayyeHHble NpU NepemeHHOM
TOKe ¢ uYactoTon 50 Ty wn B 6unonapHom
UMMY/IbCHOM peXKMMe B AmanasoHe 4yactoT B 1-3
KMU, KOTOpble TaKXe MOATBEPXKAAT,  4TO
OUMONAPHBLIA ~ UMMY/AbCHLIN  PEXUM  MOMKET

YNYYLINTb MOPGOIOTUIO NOKPLITUA (PUCYHOK 1).

PucyHok 1 - TunmuHble COM-u3obparkeHua
nonepeyHoro cevyeHus MI0-NOKPbLITUI, MONYYEHHDBIX C
MCcnonb3oBaHMeM (a) NPoL,ECcCOB NepeMeHHOro ToKa
yactoTtoi 50 'y 1 (6) BUNONAPHOro MMMNYbCHOTO TOKa
yactoton 2,5 Kkl [19]

Mpn  3stom  dopmupyeTca  MAOTHbIA U
OZHOPOAHbIN NOBEPXHOCTHbIN CNOM TONLWMHON 50-
70 MmKM. OcobeHHO 3a CYeT yBeAUYEHUA CKOPOCTU
pocTa MOKPbITUA U yMeHbLIEHWUA  TOJLUMHDI
MOPUCTOrO HAPY)KHOTO C/10fA, TaK KaK obbeMHas
OO0NA MOPUCTOrO BHELWUHEro cnosi MOeT ObITb
yMeHbllieHa ¢ 20-25% po 15-10% ot obuen
TO/IWMHBI C/IOSA MO CpaBHeHUIO ¢ obpaboTkoli M30
npuM nepemeHHom Toke 50 . BHyTpeHHMI cnoit,
HecMoTps Ha Hebo/bloe yBENMYEHME MOPUCTOCTH,
COXpPaHAET OTHOCUTENIbHO BbICOKYH TBEPAOCTb
1200-1500 HK;s n xopouyto aaresmio (Lc; = 60 H).
Tak)Ke B AaHHOM paboTe ob6cCy:KaaeTcs BAUSHME
4YacTOTbl MMMY/IbCOB TOKA KaK Ha KMHETUKY pocTa
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NOKPbITUA, Tak W Ha 3HeproapdeKTUBHOCTb
npouecca, YyCTaHaBAWBas, 4YTO  OMNTUMAaJibHOE
COYeTaHMe  CKOPOCTM  poCTa  MOKPbITUA U

sHepronoTpebaeHne MOXKeT ObiTb AOCTUTHYTO Npu
yactote 1-3 Kluy, M C yBeaAMYEHMEM YacTOTbl,
yBennumeaetcs ¢asa a-Al,Os.

HanpaxeHne oKkasbiBaeT Hanbonbllee BANAHNE
Ha CTPYKTypy u cBoictBa [MI30-NoOKpbITUIA M ero
B/IMAHMNE 66110 N3y4yeHo MHOTUMM
uccnegosatenamm [24]. C pocTom HanpsrKeHus
TONUMHA 7 CKOpOCTb  poOCTa NOKPbITUI
yBE/IMYMBAETCA,  MOBbLIWAKTCA  CTOMKOCTb K
KOppo3mMm W wu3Hocy. Yactota M KoapduumeHT
3aMO/IHEHMA Mano BAMAIOT Ha TONLUMHY NOKPbITUS,
HO OKa3blBalOT 3HauyWTe/bHOE BAWAHME Ha
NMOPUCTOCTb  MOBEPXHOCTU U KOPPO3UOHHYHO
CTOMKOCTb NOKpbITUA [25]. B pabote [26] Ha
npumepe  YUCTOrO  aNtOMUHUA  PACCMOTPEHO
BNUAHNE 3NEKTPUYECKUX napameTpoB
(HanpsAeHuUs, YacToTa, KOIPPUUMEHT 3aN0NHEHMSA)
Ha cTpyKTypy [M20-noKpbITMA B  LWENOYHOM
CUIMKATOCOAEPIKALLLEM 3/1eKTponuTe. Ha pucyHke 2
nokasaHbl Mop$OsOrMM MONEepPeyYHoro ceyeHun
MUWKPOCTPYKTYPOI M MOBbILWEHHON KOPPO3UOHHOM
cTomkocTblo B cpegse NaCl pgocTturaercsa, Koraa
HM3KOEe  Hanps)KeHue M BbICOKAA  4acToTa
coBnagatoT ¢ Hebonbwum  KoappuumeHTOM
3ano/IHeHuA.

UccnepoBaHMA BAWAHMA NNOTHOCTM TOKa Ha
$a30BbIN COCTaB, CTPYKTYPY M CBOWMCTBA MOKPbLITUM
nokasanu, 4YTO yBe/AWYeHUE 3HAYEHWA [AHHOTO
napameTtpa BeAeT K BO3PAaCTaHUIO CKOPOCTM PoCTa
OKCMAHOIO MOKPbITUA, YAYYLIEHNIO MEXaHWYeCKMX
W aHTUKOPPO3MOHHbIX XapaKTEePUCTUK MOKPbLITUA U
YMEHbLUEHUIO  NaoTHOCTM  nop  [27].  Takxke
yBE/IMYEHME HANPAXKEHMA NpUBOAUT K 6onee M30-
NMOKPbLITUN, chOpMMPOBaHHDIX Ha YynuctTom

)

Sample 2

PECY coatng

Substrate

2 |

antoMuHUK.  BumaHo, uTO HanpAaxXeHne wnmeet
Hanbonbluee BANAHUE Ha MOpd)OﬂOI'MIO
nonepevyHoro cevyeHuA NOKPbITUA. HOKprTMﬂ

(0bpasybl  1-4) nonyyeHHble NPU  HU3KOM
HanpsaxeHun (340 B) cogeprkaT TONbKO MNJOTHbIM
CNOW, TONIWMHA KOTOopoW KonebneTcs B AnanasoHe
2-4 MKM n NPaKTUYECKM OTCYTCTBYOT
Habntogaemble MMKPOMOPbl UM MWUKPOTPELLUMHBI.
MokpbiTna (06pasupl 5-8) nosyyeHbl B YCNAOBUAX
BbICOKOTO Hanps»eHus (480 B) B ocHOBHOM cocToAT
M3 BHYTPEHHEro TMJ/JOTHOrO C/I0A W BHELWHEero
NMOPUCTOrO CNOSA, TOAWMHON 32-42 MKM. ToAwmHa

BHYTPEHHEro MNJOTHOrO CN0S  HEepaBHOMEPHbI,
TaKXKe MHOMO MUKPOMOP W  MWKPOTPELLUHBI
HabntogaloTca  BO  BHEWHEM MOPUCTOM  C/loe

NOKpbITUA. OTMeYaeTca, YTO He TOJIbKO KaXkabli
He3aBMCUMbIM  aKTop, OKa3biBAeT 3aMeTHoe
BAMAHME Ha CTPYKTYpPy M CBOMCTBA MOKPbITUIA.
CouyeTaHWe  BbICOKOFO  HanNpsKeHWa,  HU3KOM
4acToTbl U 60/bWOro Ko3ddMLUMeEHTa 3aNONHEHWUA,
3HAUUTENbHO YBENIMYMBAET TOJILMHY MOKPbITUA U
KOPPO3MOHHYl0 cToiKocTb B cpege HNOs. U
HaobopoT, MOKpbITME C Hambonee NNOTHOM
BbICOKOW TBEPAOCTM MOKPbITUA, YTO CBA3AHO C
yBennyeHmem cogeprkaHma a-Al;0s.

O6bI4yHO ana nao NAOTHOCTb TOKa
ycTaHaBausaetca B npegenax 0.01 go 0.3 A/cm2.
MosTanHoe  yMeHblueHMe  NAOTHOCTU  TOKa,
nposeseHHoe B pabote [28], 3HauMTeNbHO
YAYULWWAN MUKPOCTPYKTYPY OKCUAHbLIX MOKPbLITUIA
MO CPaBHEHUIO C PEXMMOM MOCTOAHHOM NAOTHOCTK
TOKa, 4YTO CBA3aHO C W3MEHEHWeM MOoBeAEeHWUi
MCKPOBbIX  paspagoB N0 yMeHbLIalLLenca
NJIOTHOCTU TOKa B 60a1ee No3AHNX 3Tanax, BeAyLLmMX
K repmeTv3aumm Mu3HavyanbHO CHOPMMUPOBAHHDIX
KPYNHbIX MUKpOMOp.

Sdmple 4

PuUcyHOK 2 - Mopdonorus nonepeyHoro cedeHnsn MI0-NoKpbITUIA, CPOPMMUPOBAHHBIX HAa OCHOBE YMCTOMO aIFOMUHUSA,
Ha OCHOBE OPTOrOHasIbHbIX IKCNEPUMEHTOB [26]
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BnvAaHMe OTHOCMTENbHOrO PACcCTOAHUA MeXAy
3N1eKTPOAAMM HA TMpPOLLECC MOXKHO O0OBACHUTL
MHTEHCMBHOCTbIO pa3pafa. IKCNepMMeHTabHble
pesynbratbl [29] OUEHUAU BAMAHUE PACCTOAHUSA
aHog-katog (5 u 25 cm) n opueHTauMio Katoaa
OTHOCUTENbHO aHOAA MOKA3bIBAlOT, YTO AHOAHblE
TOKM YMEHbLUAIOTCA C YyBEeJIMYEHNEM PACCTOAHMA,
bonee  KOpPOTKME  paccToaHMA U npsmas
OpMEHTaLMA NPMBOAAT K NOKPbLITUIO C MOBbILIEHHOM
YCTOMUYMBOCTbIO K KOPPO3MU M U3HOCY.

CocTaB 3/71eKTpOAMTa OKasblBaeT 6Honblioe
B/IMSIHWE Ha CBOWMCTBa MOKPbLITUI. Yalie Bcero ans
ANOMUHUEBBIX CNnaBos NCNosb3ytoTcA
cnaboluenoyHble 3n1ekTpoanTbl. OHM obecneymBatoT

cTtabunbHoe dopmMmupoBaHue NOKPbITUI n
no3BosAlOT  m3berkaTb ObICTPOro pacTBOpeHus
meTanna. [lpocTbie  LWe/IoYHbIe  3/1EeKTPOJIUTI

ABNAOTCA HEBbIFOAHBIMU AN KOMMEpPLMaAAM3aLmm
npouecca, U3-3a HU3KOro Temna PocTa NOKPbLITUIA U
OoYyeHb BbICOKOro notpebneHns sHeprun. Kak
npaswuo, OCHOBHbIMM KOMMOHEHTamM
3N1EKTPONNTOB a/NlOMUHUEBLIX CMNAAaBOB ABAAIOTCA
anlomuHatel, ¢ocdatbl, cuaMKkaTbl U T.A.
cnabowenoyHbix metannos  (NaAlO;, NazPO.,
Na,SiOs) [30], KoTopble NO3BOAAOT NErKO AO0CTUYb

WCKPOBOrO  HanpsA)KeHWA SKOHOMA Bpems U
CNOCOBCTBYIOT  YBEAMYEHMIO  CKOPOCTM  pOCTa
NOKpbITM. Kpome Toro, Haubonee ycnewHo

MCNonb3yoTca: TOPUCTbIE 3EKTPONNTBI, KOTOpPble
XapaKTepusyloTca CNoXHbiMm nosegeHnem  (KF,
NaF), Takxe 3/1eKTpoAuTbl, obecneuynBaroLme
cnabylo  naccuMBauMio  MeTassla, a  TaKxe
rmapokcnabl wenoyHbix metannos NaOH n KOH B
KauecTBe perynatopa pH 1 obecneyeHuns BbICOKOW
aneKkTponpoBoAMMOCTM pacteopa [31]. OpgHaKko
cnefyeT MpuU3HATb, UTO OFPOMHbBIM  AManasoH
OPYrMX COCTaBOB 3/1EKTPOJIMTOB, U MOTEHUMaNAbHOE

B/IUAHME BbIXOAMT 32 paMKu 3¢ PEKTOB, CBA3AHHbIX
c pH, npoBogumocTblo W cnabol naccMBauuu
MEeTannos. Kpome Toro, CYLLEeCTBYIOT
MHOTOYUC/IEHHbIE PAaboTbl MO U3YYEHWUIO PA3IUYHbIX
006aBOK B 3/1EKTPO/UTLI,  NPUMBOAALWMX K
W3MEHEHUIO CBOMCTB 3NEKTPOJIUTOB, MONYYEHUIO
HOBbIX coegMHeHMN B cocTaBe MI0-noKpbiTma [32,
33, 34].

Hanbonbluee BANSHWE HA CTPYKTYPY U CBONCTBA

M30-noKpbITUi OKasblBaeT KOHLLeHTpauma
anekTponntoB. B paboTte [35] paccmoTpeHbl
NUTeHble  antoMWHUWEBble  cnnasbl  A356 B

aJIIOMUHATHBbIX 3N1IEeKTPONTaAX c pasHol
KOHUeHTpaumen (2, 16 u 24r/n). OTmevaeTca, 4TO
OLHOCNOMHOEe MOKpbiTUe CcHOPMUPOBAHHOE B
TeYyeHMN KOPOTKOro npomexyTka spemeHn 480 c. B

pactBope NaAlO; ¢ KoHueHTpauueir 24 r/n
noKasbiBaeT OT/INYHbIE KOPPO3WNOHHbIE "
WM3HOCOCTOMKME CBOMCTBA, MO CPaBHEHUIO C

OBYXC/IOMHBIMWU MOKPBLITUAMM C KOHLEHTpauuamm 2
n 16 r/n, cooTtBetctBeHHo npu 1800 u 720 c.
BPEMEHMU.

B pabote 3apyberkHbix Konner [36], U3yyeHbl
aNtOMUHUEBDbIE cnnasbl npwm na0 B
UMHKOocoAep Kawem ¢ochaTHOM 3NEKTPOAUTE C
pa3sHOM KOHUeHTpaumein. Mukpoayrosbit paspag,
OnNTUMU3NPYETCA 3a cuer N3MeHeHus
KOHLEeHTpaumn pocdata. Kak BUAHO U3 pUCYHKA 3,
npv yBeNnYeHUn KoHueHTpaumm docdata, pasmep
nop He yBeANYMBaEeTCA, HAa0bOPOT yMeHbLUAEeTCs,
HO NJIOTHOCTb YBE/IMYMBAETCA, YKA3bIBAA Ha TO, YTO
ayra craHoBuTca nnoTHee (puc. 3c-e). bnarogapsa

6onee NAOTHOMY W OLHOPOAHOMY paspagy
CKOpPOCTb  pOCTa  MOKPLITUIA  ycKopsAeTca MU
YMEHbLUAeTCA  LIepoXoBaTOCTb  MOBEPXHOCTM.

bonblwaa KoHueHTpauua d¢ocdaTa B 3neKTpoauTe
YBE/NIMYMBAET KPUCTANSIMYHOCTb

TBEpAon ¢asbl

PucyHOK 3 - COM 06pa3sLL0B, NONYUYEHHbIX C 31EKTPOAUTAMMU, COAEPHKALLMMM pasMyHble KoHueHTpauun (NaPOs)s: (a)
10r/n, (b) 20 r/n, (c) 30 r/n, (d) 40 r/n, (e) 50 r/n [36]

— g4 ——
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Al,O3 1 NOKPbITHA, NONYYEHHbIE MPU KOHLEHTPALMK
50 r/a B ¢docdaTHOM 3neKTponMTe MoKasbiBaeT
TBepgoctb  711,8 HV wmn  cKopoCcTb  M3HOCA
2,0x10°mm3 (H-m)1. Takum o6pasom, 3a cueT
YBE/IMYEHUA KOHLLEHTPALUN B SNEKTPOINTE MOXKHO
n3bexaTb CHUMKEHMA COAEPKAHUA KOPPO3MOHHO-
CTOMKOM ¢asbl, 4YTO nNpPUBEAET K Y/YYLIEHUIO
WM3HOCOCTOMKOCTH npwm OZlHOBPEMEHHOM
COXPAHEHWUWN CTOMKOCTU K KOPPO3UMN.

OTmevaeTcA MHTEpec HayyHoOro mupa K
MOONOULMPOBAHUIO CTAaHAAPTHbLIX 3/1EKTPOSINTOB
N30 pobaBkamu [37], TaKUMKM KaK T[ULEPWUH,
HaHoyactuubl  SiC, BONbdpamat HaTpua U
annoTponamu yraepoga W T. A., ANA MOAyYeHUs
b6onee nNAOTHbIX W Pa3HOMEPHbIX MOKPbITUIA U
AanbHeNWero nosbliWeHMA KOPPO3MOHHOCTOMKOCTH
M UW3HOCOCTOMKOCTU. OTMeYyeHO, 4TO BBeAeHME
rMULEPUHA NPUBOSUT HE TONbKO K CTabuamsauuu
pacTBopa, HO M K MOAYYEHUIO  MNAOTHOrO
paBHOMEPHOro NOKpbITUA 6e3 TpewuH (nop) [32].

BKkntoveHune Bonbdpama npueeno K
obpasoBaHUIo TBEPAbBIX NOKPbITUIA (40 1900 HV) c
TEMHbIM BHELWWHWUM BMAOM, MO3TOMY MEPCNeKTUBHO
ana npUMeHeHus B cucTemax
TepmoperyanposaHus [33].

[obaBneHne matepmnanoB Ha OCHOBe yrieposaa

(HaHOTPY6KM, rpaduT, anmas wu rpadeH) B
9NIeKTPOINTbI npueoaAT K YMeHbLUEHUIo
KO/MmMyecTBa W pasmepoB TpewumH (nop) wm K

YBEJIMYEHMIO TOJILMHDI U MJIOTHOCTU NOKPLITUSA, YTO
yBEe/NMUMBAET 3allMTy OT Kopposuu. Bonee Toro,
yBenunyeHue copepaHua d¢asbl a-Al,0s, bonee
NAOTHasA CTPYKTypa M NOBbILEHHasA NOBEPXHOCTHas
TBEPAOCTb MpMBENa K /ydywel M3HOCOCTOMKOCTU
3TUX KOMMO3UTHbIX MNOKPLITUI MO CPABHEHUIO C
NPOCTbIMW MOKPbITUAMU [34].

B [38] paboTte nsyyeHo BAUAHME COCTaBa
KaTMOHHOTO 3/1EKTPO/INTA Ha CBOICTBA nao
Ha aJIlOMUHUEBOM cnnase A1050. YctaHoBANEHO,
yTo Ha 3NeKTpUYecKune W ONTUYECKNE
XapaKTepUCTMKM Npouecca nao BAUAET
XMMUYecKasa NpuMpoaa KaTMOHOB . dPeKT KnanaHa,
T.e. CNOCOBHOCTb K KaTogHOMy (oTpuuaTenbHomy)
nepeHocy 3apaja B CUCTEME «MEeTaNN-OKCUA-
3N1EKTPONINT», MAKCMMaseH Ans KaTuoHoB Na* u
K*. OTcyTcTBME OAHO3aPAAHbBIX KaTMOHOB (Kpome
NPOTOHA) MPUBOAMT K YBE/JMYEHUIO KaTOLHOIo
MOpPOroBOro  HampaXeHua 40  NpobuBHOro
3Ha4yeHuA. Pa3oBsbii cocTtaB MOKPbLITUNA,
NONlYYEHHbIX M3 3NEeKTPOAUTA C OAHO3APALHbIMM
KaTMOHamu, coctouT 13 y- u a-Al,0s. B oTcyTcTBme
OZHO3apAAHbIX KaTUOHOB HUKAKNX
Kpuctannmyeckmx ¢a3 He Habaoganocb. Takmm
06pa3om, MOXKHO cAenatb BbIBOA, UYTO KATUOHDI

WIrpaloT BaXHYK poOJb B KAaTOAHOM nNepeHoce
3apaga Bo Bpema 30, a Takke B 0b6pasoBaHUM
KpucTannuyeckon ¢asbl.

OTmeyvaeTca TaKKe, YTO COCTaBbl 3N1EKTPONUTOB
He BCerga ocTalTcA CTabuibHbIMKM Kak BO Bpems
paboTbl, Tak U B npouecce xpaHeHusa [39]. 1o
HeyaAUBUTE/IbHO, MOCKO/IbKY C TEYEHUEM BpPEMEHMU
CBOMCTBA M XMMUYECKUN COCTaB 3I/1EKTPOIUTOB
MOTYT MEHSTbCA, B 3aBUCMMOCTM OT BO3MOXKHOCTU
XUMUYECKMUX WU3MEHEHWIA B HEWCNONb30BAaHHOM
3/IEKTPOAINTE, TaK U BO3MOXKHOCTb BO3AENCTBUA
3arpA3HEeHUn BO BPEMA WCNOJIb30BAHWUS PasHbIX
noasnoxek. CnenoBaTesibHO, noabop NoAxoAaLmnX

CcTabunnsatopoB W panbHeKlwas onTUMM3ALUA
COCTaBOB 3NEKTPONnUTa ansa ynyyweHms
[ONrOCPOYHOM ctabunbHoCTH no-npexxHemy

ABNIAETCA BAaXXHbIM Hanpas/1eHNEM VICCJ'Ie,CI,OBaHVIVI.
HemanoBaXHbl W TaKue TEXHOJIOrMYecKune

napameTpbl npouecca 30, Kak TemnepaTypa,
NPOAO/KUTENbHOCTb  06paboTkm KM T. .
O6HapykeHo, yTto npu NpeBbIWeHNN

ONTUMANbHOIO BPEMEHU OKCUAMPOBAHUA (40 MUH),
HabntogaeTcA  yxyAweHue  3aWMTHbIX  CBOMCTB
NOKPbITUA, CHUXKaeTcA 3PPEKTUBHOCTb MOKPLITUN,
M3-3a PaACcTBOPEHMA MOAJIOKKM UAn GU3NYECKOM
notepn martepuasna nokpbitnin [20]. YcTaHoBAEHO,
YTO C YBEJAMYEHMEM BPEMEHM OKCUAMPOBAHMS
MWKPOTBEPAOCTb  MOKPbITUA  CHUMKaeTcs,  a
KoadPUUMeHT TpeHna yeennymeaetca [32].

CywecTBeHHOe  BAMAHWME  HA  3aLUUTHYIO
CNOCOBHOCTb M30-noKpbITUit OKasblBaeT
nervpytowme anemeHTbl. HegasHue nccnepgoBaHuma
[40] ykasanu, yto N30 oyeHb mHoroobelatowe B
KayecTBe 3aMeHbl TPAAULMOHHOIO aHOAMPOBaHUA
ONA U3roTOBNEHNA BbICOKOIPPEKTUBHBIX NOKPLITUI
Ha KOMMO3MTax Ha OCHOBE A/IIOMUHUA.

B apyroit pabote [41] npeacTaBneHsbl
pesynbTatbl 30 06paboTKM  NerMpoBaHHbIX
a/IlOMUHMEBDLIX cnaaBoB meapto (1-4,5 mac. %), B
3NEKTPUYECKOM pPEXUME MNepemMeHHOro TOKa B

CUIMKATHO-LLLE/IOYHOM aneKTponute. Ha
NOBEPXHOCTH dopmupoBanmncb NOKpbITUA
TOAWMHOM A0 75 MKM. DNeKTpOXMMMUYecKan

KOPPO3MA CMNIaBOB C MOKPbITUEM U 6e3 M3yyeHa B
3% pactBope NaCl. YcraHosneHo, yto nocne M30
NJOTHOCTb TOKa Koppo3umn 3HaAYMTe/IbHO
yMeHbLUuaeTcs.

XapaKktepuctnku Kepamumueckmx N30-
NOKPbITUIA

OnbIT MCNOABL30BaHUA MeToAda MNIAa3MEeHHOro
IN1EKTPOZIN3a B nocnegHume roabl NOKa3biBaeT, YTO
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NOKpPbITUA, MNoAyYeHHble metogom [130, moryT
YCMeLWHO KOHKYPUPOBaTb C MOKPbITUAMM, NONYYEH-
HbIMM aHo4MpOBaHMEM 7 npougeccamm
3NEKTpPOranbBaHUKM, a TaKke obecneumsaTb
anbTepHaTMBy Apyrum «KOMMNO3ULMOHHbIM
maTtepuanam» B pasHbix chepax NPOMbILLAEHHOCTMU.

TakK, aHOAHbIe MOKPbLITUA NO CBOMM 3aLUUTHBIM
CBOWMCTBAM 3HauuTenbHO yctynaeT M30-noKpbITUIO
no W3HococTolikocth B 4-5 pa3, a no
KOPPO3MOHHOM CTOMKOCTU B 2—3 pasa. Tak KaK B
CTPYKTYpe aHOAHbIX cnoes cogepxutca o 20%
aHWMOHOB 3neKTpoauta M 6onee 10% cBA3aAHHOMN
BOAbl, TO NPV HarpesaHun Aetanen Bbiwe 120°C
COCTaBAAOLLMNE INEKTPOAUTA U BOAA YAANAOTCA U3
NMOKPbLITUA, 4YTO MNPUBOAMT K paspbiBam WU
Pa3pPbIXJIEHNUAM  MOKPLITUIA U CHUMKEHUIO  UX
3aLWMTHbIX CBOMCTB. TaK»Ke, aHOAMpPOBaHWE BeaeTcA
B TOKCMYHOM CEPHOKMUCIOM 3/1IEKTPOINTE, KOTOPbIM
TpebyeT K TOMy *Ke r1yOOKOro OXNarKAeHWs, 4To
YOOPOXKaeT NpOLLEeCC HaHeceHMs MoKpbiTua [42].
Tak Kak npouecc Begetcs npu 6osee HUSKUX
HanpaxkeHuax 10-80 B, nosnyyaemoe nOKpbITME
60onee TOHKOE M NOpUCTOE.

Tak Kak M20-noKpbiTMe 0bpasyeTca 3a cyeT

KOTOPbIX 3HAYUTENbHO MeHblle pasmepa nop Yy
rasibBaHUYECKUX NOKPbITUIA. MoaTomy
KOPPO3MOHHAA CTOMKOCTb B arpeccuBHbIX cpesax y
AeTanein ¢ KepammyeckMm MNoKpbITMEeM B 2—3 pas3a
BbllIe, YEM Yy AeTaneid, NOKPbITbIX HUKENeM WM
TBEPAbIM XPOMOM.

B Tabnauue 1 npuBeaeHbl CpaBHUTE/bHblE
XapaKTEPUCTUKM  COBPEMEHHDBIX  YMPOYHAIOLMX
MOKPbITUI, HAHOCMMbIX Ha MOBEPXHOCTb Paboymx
AeTanei. Xpom ropasgo TBepKe Hukens u 6onee
CTOeK K Bo3genctsuto abpasuea. Ho xpom
HaHOCUTCA TOJIbKO Ha NOACNAOW W3 HUKEeNs Wau
MeaW,  CnegoBaTesibHO,  MMKPOTPELMHbl B
TBEPLO0XPOMOBOM NOKPbITUM 3anosHALOTCA
HUKeNeM UAN Meablo, YTO 3HAYMTENbHO Yy/ydlaeT
aHTUKOPPO3MOHHbIE CBOWCTBa 3alLMTHOrO
NoKpbITUA. Kpome Toro, raibBaHMYeCcKMe npoLecchl
HUKENIMPOBAHMA W XPOMMPOBAHUA 3SKOJIOTMYECKU
OnacHbI. OHu TpebytoT JoporocrosLLei
nepepaboTkn u obesBpekuBaHMA OTPabOTaHHbIX
pacTBOPOB M MPOMBbIBOYHbIX BOZ. HepocTaTouHas
afiresua ranbBaHWYECKUX NOKPbITUI K OCHOBHOMY
MeTanny He obecneuyMBaeT HaAAEXKHOW 3aWmThbI
AeTanei oT BMOPAUMOHHBIX W  KaBMTALMOHHbIX
Harpysok [43].

Tabaunuya 1 - CpaBHUTENbHbIE XapPaKTEPUCTUKM COBPEMEHHbIX YNPOYHSAOLWMNX NOKPbITURA [43]

Ne | Cnocob noBepXHOCTHOM Matepwuan Matepwuan XapaKTepUCTUKM NOKPbITUI
06paboTku MOKPbITUA OCHOBBbI TonwmHa, MuKpo MpoyHocTb
MKM TBEPAOCTb, cuenneHua
HV C OCHOBOW,
Mna
1 HukenmposaHue Hukenb J1aTyHb 15-25 300-350 20-40
3NEKTPOAUTUYECKOE
2 XpomupoBaHue TBepgoe | Xpom (Ha noacnoe J1aTyHb 25-45 800-1000 20-40
3/IEKTPONUTUYECKOE HUKens)
3 AHoaupoBaHue TBepaoe | AmopdHoe n ANOMUHNI 30-50 300-450 150-220
KpUCTananyeckune
OKCWApbl aIIOMUHUA
4 N30 HosoOroO HaHokpuctannum ANIOMUHNI ToHKoe 10- 800-1000 180-250
noKkoneHusa YyecKkue oKkcuapl 20
aNtoMUHUA Tonctoe 1000-1500 180-250
50-70
moanduKaumm NOBEPXHOCTHOIO cnos dusmnko-mexaHumueckue csoncraa NMI0-

a/loOMUHMEBON AeTanu, oHo obnazaer NPOYHOCTLIO
CUEen/JIeHns ¢ MEeTa//IOM Ha MNopsAdoK Bbiwe Mo
CPaBHEHMWIO, HAaNpUMep, C NPOYHOCTbIO CLeneHus
rasbBaHOMOKPbITUI C  NnaTyHblo. MoaTomy
KepamMnyecKoe MOKPbITUE BblAeprKMBaeT yAapHble
N TEPMOUMKAMYECKUE Harpysku 6e3 OTC/0eHWUH,
4acTo BCTPEeYatoLWMXCA Y raibBaHOMOKPbITUIA. TaksKe
CTOMT OTMETUTb, 4YTO Kepamuyeckoe MNOKpbITHE
XMMWUYECKN MHEPTHO U MMEET MMKPOMOPbI, pasmep

NOKPbITUIA

B pabote [42] cdopmynnpoBaHbl OCHOBHbIE
du13MKo-mexaHnyeckune ceonctea MNI0-NOKPbLITUIA:

- UsHococmolikocms u npodyHocmes. CTPyKTypa
WHHOBALMOHHbIX Kepammyecknx [30-noKpbITUi
COCTOMUT M3 HaAHOKPWUCTA/NI/IOB OKCUAOB pPasMepom
10-100 HMm, xapaKTepusylowasaca OAHOBPEMEHHO
BbICOKOM  MWKPOTBEPAOCTHIO M MOBbILWEHHOM
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npoYyHocTblo. MukpoTteepaocTb MNI0-NOKpbITUA Ha
antoMmmnHueBbIx cnaasax gocturatot HV 800-1500 um
MMEIOT B CBOEM COCTaBe BbICOKOTEMMepaTypHble
anbda- n ramma-dasbl oKcuaa antommHna. Menkue,
NAOTHO ynakoBaHHble Kpuctannbl nyywe
COMPOTUBAAKTCA MMUKPO- U  MaKpOpPa3pyLLUEHUAM
npu AWMHAMMYECKOM BO3LENCTBMM abpasmBHbIX
yactuu. lNoatomy kepamuyeckue [130-nokpbITUA
npeKpacHo NPOTUBOCTOAT abpasmBHOMY
W3HalMBaHM1IO (LapanaHuto), rmapoabpasmMBHOMY U
razosapo3mMoOHHOMY M3HOCY. Tak Kak popmmnpoBaHue
M30-NoKpbITUIA MNPOUCXOANT 33 CYET OKUCAEHUA
METANIMYECKON MOAJIOKKM  C  MPOABUNKEHNEM
rPaHnLbl NOKpPbITUE-MeTana Braybb meTanna, oHo
MMEEeT OYEeHb BbICOKYH) MPOYHOCTb CLEnJeHusa ¢
noasoxKkon, pocturatowyto  80-90% o1  ee
NpoYHOCTU. Kpome TOro, camMu Kepamuyeckue
NOKPbLITUA COCTOAT M3 KOMMO3ULMKN Pa3INYHBbIX NO
TBEPAOCTU KpUCTaNANYeCKnX moauduKkaumi
oKcnpaoB. Pasbl, UMetoLLMe BbICOKYIO TBEPAOCTb U
obecrneumBalolme  BbICOKYIO  M3HOCOCTOMKOCTb
NOKPbLITUAM, PacnoiaraloTca B maTtpuue u3 meHee

TBepablx $as. Takaa  CTpyKTypa  npuaaet
OTHOCUTENbHYIO  NJACTUYHOCTb  KepamMuyecKomy
MOKPbITUIO W WUCKAOYAeT  CAyvyam  XPYMKoro

pa3spyweHua. Bbicokaa aaresma [M90-noKpbiTMa K
METANNY-OCHOBE W KOMMO3ULMOHHOW CTPYKTYpe
obecneunBaetr cToMKOCTb npoTmB  BMBpauumu,
YOAPHbIM, TEPMOUMKINYECKMM U KAaBUTALMOHHbIM

HarpysKam.

- Tenanocmolkocms U Menaonpo8ooHOCM®.
Bnarogapa  Bbicokol  Tennoctovkoctn  30-
MOKPbITUA  (BbIAEPKUBAIOT  KPAaTKOBPEMEHHbIV

HarpeB go 1500°C). C gpyroit CTOpPOHbI, BbICOKas
TENJIONPOBOAHOCTb NErkKMX cnaasoB (0cobeHHo
a/IIOMUHUEBDIX) " OTHOCUTENbHO TOHKOEe
KepaMMnyecKoe MOKPbITUE CnocobCcTByeT GbiCTpOMY
OTBOAY Tenna OT 30H TPEHUA W HarpyKeHHbIX
NoBepXHOCTEM, YTO cnocobcTBYeT MHTEHCMBHOMY
oTBOAY Tenna, Hanpumep, OT 30Hbl TPeHuA
CKO/IbXKEHUA rapaHTUpyeT CTabunbHylo paboTy

fAeTaneun, oTCyTcTBME TENNOBbIX YAAPOB U TENIOBOM
nedopmaunn aetanen.
- KopposuoHHaa cmolikocms.

lMna3smeHHoe

3/IeKTPONINTUYECKOE  OoKcuampoBaHue (M30) -
3 PeKTUBHbIN cnocob NoBblIlWEHUA KOPPO3NOHHOM
CTOMKOCTM  a/IlOMMHMEBBLIX  cnnaBoB. Manble
pasmepbl nop (Ao 1 MKM) M MUHMManbHas
CKBO3HaA MNOPUCTOCTb  WMHHOBAUMOHHbLIX  [130-
NOKPbITUI aenaet nx [0CTAaTOYHO
KOpPPO3MOHHOCTOMKUMK.  Kepamuuyeckne  M30-
MOKPbITUA MHEPTHbl K BONbLIMHCTBY arpeccusHbIX
cpes, M NPOHMKHOBEHME TaKuX cpes, uYepes
CKBO3HblEe MOPbl KEPaMWUYECKOro C/0A  MOXKeT
NPUBECTU K KOPPO3MOHHOMY BO3AEWUCTBMIO Ha
CNaB-OCHOBY M Aaxe K OTCNI0eHMIO NOKpbITUA. OnA
rapaHTMPOBAHHON  3alWMTbl  KOMMNO3ULMOHHOMO
matepuana Heobxoaumo BbibUpaTb Haubonee
onTUMasibHble napameTpbl 06paboTku, BbIOBMpPaATL
KOPPO3MOHHOCTOMKUI NErKMM CniaB U YNAOTHATb
NOKpbITHE, 3anonHAn ero nopbl
AHTUKOPPO3UOHHBIMW MaTepunaiamu.

O6nacTM npumeHeHUA KepaMU4ecKux
NOKpPbITUIA

HoBble  KOHCTPYKLMOHHble  MaTepuanbl C
3aWUTHbIM  M20-NOKpbITUEM, ANA W3rOTOBAEHMSA
OTBETCTBEHHbIX AeTafel C BbICOKOM M3HOCO- U
KOPPO3MOHHOM CTOMKOCTbIO, MOTMYT C YCNEXOM
MCNONb30BaTbCA Ha BCEX NPEANPUATUAX PA3IUYHbIX
oTpacnen npomblwaeHHocT KasaxctaHa u B Ap.
CTpaHax: HedTegobbiBatowen, HedTe- raso- U
3HepreTUYeckmx Tpybonposoaax, aTOMHOM
SHepreTnke, MalMHOCTPOeHUn, noaurpacdum, THN,
KOCMOHaBTMKe,  aBuauuu,  NpubopoCTPOeHUM,
BaKyyMHOM TEXHUKE, 3/1IEeKTPOHUKE n
3/IEKTPOTEXHUKE, MeanLmHe, noanrpadumn n gpyrmux
oTpacnAx MNPOMbIWAEHHOCTU. B 3aBucumoctu ot
TOro, rae oHuM byayT MCNoNb30BaTbCA, MOKPbLITUA
OOJ/IKHbl  0061a4aTb CTOMKOCTbIO K XMMUYECKUM
arpeccuBHbIM cpegam. B pabote [44] npuBeneHbl

OCHOBHble 06/11acTM  NPUMEHEHMA U3Oenuid ¢
HaHOCTPYKTYPUPOBaHHbIMM Kepammniyeckmumm
NOKPbITUAMM:

-MpumeHeHne B XMMUYECKOW

NPOMBILLIEHHOCTH: M30-noKpbITHA mMoryT

Pucynoxk 4 - Ilpumenenue [130-nokpertaii: (1) B aToMHOMN 3HEpreTuke, (2) B MAaIIMHOCTPOCHNH, (3) B BOGHHOI

otpacny, (4) B Meauiune, (5) B HeTeq00BIBAIOIICH OTPACITH
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MCMNO/Ib30BaTbCA B XMMMUYECKON MPOMbILLIEHHOCTH
6narogapa YCTOMYMBOCTM MOKPbLITUIA B BOAHOM
cpefie M CTOMKOCTM K CUMAbHBIM  KMCAOTaM MU
OCHOBAM.

- Tennosble nNpUMeHeHUA: TepmobapbepHoe
NoKpbITue TpebyeT coyeTaHUss CBOWCTB HU3KOM
TENJIONPOBOAHOCTM,  XOPOLIOM  CTOMKOCTM K
OKUCNEHUIO U TEPMOCTOMKOCTU. TENNONPOBOAHOCTb
okcmgHoro cnoAa npu N30 antoMUHMEBBIX CNAABOB
Hu3Kaa (0,5 BtmK1), yto B ocHOBHOM 0b6bACHAETCA
ocoboit MUKPOCTPYKTYPOMN, MeIKO3epPHUCTOMN
BMECTe CO 3HauuTesIbHOM aoneit amopdpHon ¢asbl
(mynnutel) [45]. Takmm obpasom, MNIO-nokpbITUA
MOTYyT MCNONb30BaTbCA ANs TEMNJI0BOM  3aLMTI
METANI0B NPW BbICOKUX TEMNEepaTypax cpeapl.

- MexaHuyeckoe npumeHeHue (TBepAOCTb,
M3HOC W TPEHMe): M3-3a BbICOKON TBEpAOCTU U
NPEeBOCXOAHbIX TPUOONOMMYECKUX XapaKTEPUCTUK
okcungHoro cnoa npu (190, rge, Hanpumep,
CHU)KAeT CKopoCTb WM3Hoca cnnasa  6061Al
npumepHo B 30 pa3 [46] no cpaBHeHWO C 2-
KPaTHbIM TBEPAbIM aHOAMPOBAHHLIM MOKPbITUEM,
Nno3Bo/AeT 3aMeHATb MHOTMe AeTanu, Ha Ccnaasbl
Mg u Al c M30-noKpbITUEM, YTO NPUBOAUT K
CHUXXEHMIO pacxoga TOMAMBa B aBTOMOOWUAbHOWN U
aBMAKOCMUYECKOM NPOMbILAEHHOCTHU.
YAyyweHHble XapaKTePUCTUKN MOKPbITUA, KOTOpbIEe
MOHO MOJIYYUTb NPUMEHEHMEM TexHosormm M30
B A3POKOCMMYECKOW NPOMbIWIEHHOCTU (Kpenex,
Wwaccu, nonactu, AUCKM WU Banbl aBMALMOHHbIX
ABuratenieit) aBTOMOGWALHOM MPOMBbILW/IEHHOCTH
(kapKacbl cugeHuin, aBepu, MOPLWHM WU TUb3bI
UMAWHAPOB), a TaKXe HedpTe- UM  ras’osoM
NPOMbILNIEHHOCTM (LWlecTepeHYyaTble U POTOPHbIE
HacocCbl, OOPATHbIN LWAPOBbIMA KpaH, Kpblab4YaTKu
LeHTpobexkHoro Hacoca) [47].

- dnekTtpoobopypoBaHWe U 3EKTPOHUKa:
MOXHO noay4nTb 3/IeKTPOU30/ALLUOHHDIE
NOKpPbITUA C BbICOKO/ ON3NEKTPUYECKO
npoyHocTtblo (Ao 2500 B) anA anekTpUYECKMX U
3NEKTPOHHbIX  KOMMOHeHToB. [okpbiTe M30
MOXeT  3aMeHUTb  0OblYHO NPUMEHAEMYIO
3NEKTPUYECKYIO U30JIALMI0O MAIAPHOrO MaTepuana
ONA N3roToBNeHns AaTtumkos. Takke M30 noaxoant
ana TBEPAOrO NOKPbITUA BHYTPEHHMUX
NoBEPXHOCTEN, BKAOYAA KOHWYECKUE, Mosble UK
UMANHAPUYECKMe o0bnacTu.

- BMoOMeaMUMHCKME NPUMEHEHUA: TUTAHOBblE
Cniasbl W MarHWeBble  CMNAaBbl  LIMPOKO
ucnonb3yetrcas B OUMOMEAMUMHCKUX YCTPOMCTBAX,

BKAIOYAA  opToneguyeckve  uv3genus, 3ybHble
VMMMIaHTb, a TaKxke B pasnaraemblix
6uomaTepuanax, 6narogaps XopoLluen

61M0COBMECTUMOCTH n OT/IMYHOM
KOPPO3MOHHOCTOMKOCTH (Ti) n BbICOKOMY
yAenbHomy conpoTtusaeHuto [48].

- [eKopaTuBHble nnm onTUYyecKue

NPUMeHeHMA: B 3aBMCMMOCTM OT MapameTpoB
06paboTkn M0, AeKopaTUBHbIE MOKPLITUA MOTyT
6bITb YEepHOro MaToBOro W bGaecTAWeEro UBET],
YepHWUIbHOrO, Ceporo, KOPUYHEBOrO, OJIMBKOBOTO
LBeToB C pasnnyHbIMU AEKOPaTUBHbLIMU

oTTeHKaMW. 3a cyeT CO34aHMA  MOPMUCTOCTM
npeaBaputenbHas obpabotka 190  yayywatot
aaresvto  Kpacok, 30/b-Tefib M MOPOLIKOBbIX

MOKPbLITUA U MPOM3BOAAT AYNJIEKC NOKPbITUSA AAA
yAy4yleHna CBOMCTB, OCOBEHHO B arpeccuMBHbIX
cpepax [49]. YepHble abcopbupytowme NoKpbITUA,
obpa3oBaHHble u3 3K0/10TMYECKMU YUCTbIX
3/IEKTPOANTOB, 061a4at0T 6OMbWIMM MOTEHLMAIOM
AN aZlOMMHMEBBLIX  CMJaBOB B KayecTse
TEPMOPErY/IMPYIOWNX  C/I0EeB, MPUMEHAEMbIX B
a3POKOCMUYECKMX KOMMOHEHTax (Hanpumep, B
CNyTHUKaX).

3aKknioyeHue

na0 - ABnAeTcA
3Heprocbeperawowen u
TEXHONOTMen co3gaHuAa
3alUTHOro
NOBEPXHOCTU

TexHonorua
BbICOKO3OPEKTUBHOM,
3KOJIOTMYECKM  YMCTOM
HaHOCTPYKTYPUPOBAHHOIO
KepaMMYeCcKoro  MOKpbITUA  Ha
n3genvn.

3aMeHa 4YepHbIX METaN/IoB Ha a/NlOMUHUEBLIE
Cniasbl NPy NPOU3BOACTBE [AeTasnel npuBeneT K
CYLLECTBEHHOMW 3KOHOMWW  3/1EKTPO3HEPIMM, K
OTCYTCTBMIO BpeAHbIX BbIBPOCOB B OKPYKAOLLYHO
cpeay.

YHUWKanNbHble CBOMCTBA Kepamuyeckux [130-
MOKPbLITUIA 0BecneynBatoT LUMPOYANLLMIA  CNEKTP
NPUMEHEHNA N3NNI C STUMN NOKPLITUSMMU.

Pe3ynbTaT COOTBETCTBYIOLWMX WUCCNEA0BAHNN
MOKa3bIBalOT, YTO, XOTA Obln caenaH 60abLWON wWwar
AN BHeApeHMA U pasBuMTMA 3TOro  crnocoba
06paboTKKN, [0 CUX MOp OTMEYaeTcs HeAOoCTaTOK
3KCMepPUMEHTaNbHbIX OaHHbIX, n3-3a
OZHOBPEMEHHbIX C/IOMHbIX 3/IEKTPOXMMUNYECKUX U
MNs1a3MeHHbIX PeaKLMit Ha NOBEPXHOCTU MNOANTOMKKM.

Takum  ob6bpasom, npoBeAeHHbIN  0630p
MOKa3blBAET, YTO €CTb 3HAUYUTE/IbHbIE BOSMOXHOCTU
ana 6onee 3pPeKTUBHOIO ynpasaeHUsA NPOLLECCOM
B OTHOWEHWM  XaPaKTEPUCTUK  MOKPbLITUA U
3HeproadPeKkTUBHOCTN, U AenaeTca AanbHenlwmne
MOMbITKM  ONpeaenuTb  KAlo4YeBble  MOMEHTbI,
KOTOpble MOryT NOMOYb B STOM.
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ABSTRACT

The known methods of processing low-quality bauxite have a number of disadvantages that make it
difficult or impossible to use them in the conditions of production of JSC "Aluminum of Kazakhstan",
therefore, it is necessary to effectively develop a technology for preliminary enrichment. Enrichment
of low-quality bauxites is possible by separating the clayey - high-siliceous and coarse-crystalline
fractions. Electron-microscopic analysis of the original bauxite showed that the coarse-crystalline
fraction is tightly pressed by the fine one. The total silicon modulus of the sample is 2.49. The silicon
modulus of the fine fraction is 2.19, and that of the coarse fraction is 3.89. When enriching bauxite, as
a result of the separation of fines, it is possible to increase the silicon modulus. After the chemical
activation of bauxite in a sodium bicarbonate solution, the finely dispersed fraction is effectively
separated from the coarse one and the phase composition changes - the calcium silicate phase
disappears and the calcite phase is formed. With an increase in the activation temperature, the
content of kaolinite and siderite decreases, and the content of quartz and hematite increases. Studies
have shown that at temperatures of chemical activation of 120 ° C, duration of more than 120 minutes
and 200 ° C, duration of more than 40 minutes, a dawsonite phase is formed in bauxite, which
densifies the mineral structure. When determining the optimal regime for carrying out chemical
activation, it is necessary to take into account the negative possibility of dawsonite formation.
Keywords: Gibbsite-kaolinite bauxite, chemical activation, sodium bicarbonate, phase composition,
conditioning, technology.
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Introduction decline, which leads to a sharp deterioration in the

composition of solutions, industrial products and a

At present, at the Pavlodar aluminum plant of  decrease in technical and economic indicators [1].
Aluminum of Kazakhstan JSC, the bauxites of the  This is the basis for carrying out a set of theoretical
Krasnogorsk deposit are processed according to the  and technological research for the development of

sequential-combined  method

Bayer-sintering.  an effective technology.

Bauxites are characterized by a low silicon modulus The known method of conditioning low-quality
and a high content of harmful components: bauxite, combining washing of clay components
siderite, chamosite, hematite, pyrite, organic and and hydroalkaline decarbonization. The method
other impurities, and their quality continues to  makes it possible to simultaneously increase the
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silicon modulus and reduce the carbonate content
in bauxite. The main disadvantages of this
technology are: low degree of washing due to the
use of alkaline wash water; increase in material
flow [2].

Processing of low-quality bauxite is possible by
the method of separate leaching of clay and stony
bauxite fractions, however, the separation of
bauxite fractions in an alkaline does not provide the
required degree of separation of the clay part [3,
4].

Thus, the known methods of processing low-
quality bauxite have a few disadvantages that make
it difficult or impossible to use them. It is required
to create new solutions to ensure efficient
processing of low-quality gibbsite - kaolinite bauxite
from the Krasnogorsk deposit to obtain high-quality
alumina.

To involve in the processing of most bauxite
deposits in Kazakhstan, we propose a technology
for processing low-quality gibbsite - kaolinite
bauxite with two-stage concentration and
hydrochemical processing, including preliminary
chemical activation [5, 6].

Experimental part and discussion of results

The purpose of the research was to develop a
technology for conditioning gibbsite-kaolinite
bauxites of the Krasnogorsk deposit before
concentration and hydrochemical processing. To
achieve the goal, the method of preliminary
chemical activation in a solution of sodium
bicarbonate was used.

The work was carried out on a representative
sample of Krasnogorsk bauxite of composition, wt.
%: Al,03 42.0; SiO; 11.5; Fe,05 19.5; Ca0 1.08; Na,0O
0.22; Mg0O 0.18; K,0 0.03; TiO; 2.05; SO; 0.24; CI
0.04; pp 23.16; uSi 3.65.

The work used: chemical, X-ray fluorescence,
thermal, electron microscopic and IR analyzes.

Chemical analysis of the samples was carried
out on an Optima 2000 DV inductively coupled
plasma optical emission spectrometer
(PerkinElmer, USA).

X-ray fluorescence analysis was performed on a
Venus 200 PANalyical B.V. (PANalyical B.V.,
Holland).

X-ray experimental data were obtained on a
BRUKERD8 ADVANCE apparatus using copper
radiation at an accelerating voltage of 36 kW and a
current of 25 mA.

IR analysis was obtained on an Avatar 370 FT-IR
spectrometer in the spectral range of 4000-400 cm™

from preparations prepared from 200 mg of KBr
and 2 mg of a sample. Experiment attachment:
Avatar Diffuse Reflectance.

Thermal analysis was performed using an STA
449 F3 Jupiter synchronous thermal analysis
instrument.

The micrographs were taken on a JEOL JSM-
6610LV thermal emission cathode (LaB6) scanning
low-vacuum electron microscope.

The chemical activation of bauxite was carried
out in a solution containing 120 g / dm3 NaHCOs at
a ratio L: T = 10.0 and temperatures of 90 - 200 °C
using a thermostatted installation with 6 autoclaves
rotating through the head, with a working volume
of 250 cm3. The required content of sodium
bicarbonate in the solution of 120 g / dm?® was
selected taking into account its solubility limit.

The silicon modulus of the samples was
determined from the ratio Al,03/SiO,.

The study of the material composition of the
bauxite sample was carried out.

The X-ray phase composition of gibbsite -
kaolinite bauxite is presented in Table 1.

Table 1 - Phase composition of gibbsite - kaolinite
bauxite from Krasnogorsk deposit

Name Formula %
Gibbsit Al(OH)s 54.95
Kaolinite-1A Al2Si20s(OH)a 10.02
Siderite FeCO3 6.09
Hydroaluminosilicate AlSi205(0OH)4 5.17
Quartz Si02 5.10
Calcium silicate CasSis 5.07
Hematite Fe20s3 4.89
Titanium oxide TiO2 4.88
Ferrotitanium oxide FexTiOs 3.83

The infrared spectrum of a bauxite sample is
shown in Figure 2.
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Figure 2 - Infrared spectrum of bauxite from
Krasnogorsk deposit
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Infrared spectroscopy determined the presence
of the following phases: gibbsite y-Al (OH)s;
kaolinite Al4[(OH)s | SisO10]; goethite a-FeOOH;
siderite FeCOs; [7]. Present: hematite Fe,O; [8];
anatase TiO; [9]; diaspores a-AIOOH™ [7].

The study of a bauxite sample by the thermal
analysis method (Figure 3) showed: on the DTA
curve there are intense endothermic effects with a
maximum development at 334.5 ° C, 557 °C; on the
dDTA curve there are additional exothermic effects
with peaks at 897.8 °C and 989.9 °C; the DTG curve
recorded minimums at 287.9 °C, 319.4 °C, 532.8 °C.
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Figure 3 - Thermogram of the initial sample of
gibbsite - kaolinite bauxite from Krasnogorsk deposit

A deep endothermic effect with a maximum
development at 334.5 ° C, in the development area
of which two minima appeared on the DTG curve
(287.9 ° C, 319.4 ° (), reflects the dehydration of
gibbsite and iron hydroxide. The combination of the
endothermic effect with an extremum at 557 ° C on
the DTA curve and a weak exothermic effect with a
peak at 989.9 ° C on the dDTA curve mb.
manifestation of kaolinite. In addition, the
combination of the same endothermic effect with
an exothermic effect with a peak at 897.8 ° C on the
dDTA curve may reflect the presence of coarse-
crystalline siderite.

Micrographs and electron microscopic analysis
of bauxite are shown in Figure 1 (a, b, c).
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Figure 1 - Micrographs and electron microscopic
analyzes of gibbsite - kaolinite bauxite from Krasnogorsk
deposit

The micrographs show that the coarse-
crystalline fraction of bauxite is tightly pressed with
a fine fraction. The total silicon modulus of the
sample area (Figure 1 - a) is 3.45. The silicon
modulus of the coarse fraction (Figure 1-b) is 4.41,
of the fine fraction (Figure 1-c) - 2.19.

In order to increase the silicon modulus of
bauxite by separating the fine fraction, the initial
sample was subjected to chemical activation in a
sodium bicarbonate solution.

To determine the optimal conditions for the
chemical activation of bauxite, studies of the effect
of temperature and process duration were carried
out.

Studies of the effect of the temperature of
chemical activation on the change in the material
composition of bauxite were carried out at
temperatures of 90-200 ° C and duration of 60
minutes.

The chemical composition of bauxite depending
on the activation temperature is presented in Table
2.

Table 2 - Chemical composition of bauxite depending on
the activation temperature

K20 0.03 | 0.03 | 0.02 0.03 0.05 0.05
TiO 2.05 | 2.25 23 2.2 21 2.2

CI- 0.04 | 0.02 | 0.02 | 0.016 | 0.017 | 0.03
LOI 23.16 | 22.05 | 21.93 | 21.824 | 20.953 | 15.58

As a result of chemical activation obtained, that
the content of the elements in the samples, except
sodium oxide, remained at the same level. At an
activation temperature of 200 ° C, a thick slurry was
obtained.

The phase composition of bauxite depending
on the temperature of chemical activation is
presented in Table 3.

Table 3 - Phase composition of bauxite depending on the
temperature of chemical activation

Activation temperature, °C
Name Initial | 90 [ 120 [ 150 [ 180 | 200
Content, %

Gibbsite 5495 | 55.59 | 56.45 | 55.7 | 52.38 | 55.34
Al(OH)3
Kaolinite-1A 15.19 | 12.11 | 12.43 | 12.44 | 10.79 | 10.86
AL;Si;05(0H)4
Siderite FeCO3 6.09 | 11.52 | 9.77 7.69 6.82 7.29
Quartz SiO; 5.11 4.8 491 6.37 7.63 8.04
Calcium silicate| 5.07 - - - - -
Ca55i3
Hematite Fe,03 | 4.89 | 5.09 | 5.89 | 6.23 | 6.99 | 7.22
Titanium oxide| 4.88 4.69 4.59 4.57 4,51 4.64
TigO11
Ferrotitanium 382 | 3.67 | 3.70 | 3.80 | 3.76 | 3.41
oxide FezTi05
Calcite CaCOs3 - 2.53 2.26 3.20 3.21 3.20

It follows from Table 3 that with an increase in
the temperature of chemical activation in the phase
composition of bauxite, the content of kaolinite and
siderite decreases, the content of quartz and
hematite increases, the calcium silicate phase
disappears and the calcite phase is formed.

The influence of the duration of chemical
activation on the change in the material
composition of bauxite at temperatures of 120 and
200 ° C has been investigated.

The chemical composition of bauxite,
depending on the duration of activation at a
temperature of 120 ° C, is presented in Table 4.

Table 4 - Chemical composition of bauxite depending on
the duration of activation at a temperature of 120 ° C

Activation temperature, ° C
Name Initial | 90 | 120 | 150 | 180 [ 200
Content, %

Al;03 42.0 | 424 | 420 42.2 42.6 42.8
SiO; 115 | 114 | 113 11.3 11.4 11.5
Fe,03 19.5 | 19.7 19.9 19.7 19.9 19.9
Cao 1.08 1.1 1.1 1.2 1.1 1.2
Na;0 022 | 0.7 1.06 1.18 1.5 6.4
MgO 0.18 | 0.18 | 0.19 0.17 0.19 | 0.18
SO3 0.24 | 0.17 | 0.18 0.18 0.19 0.16

Name Duration, min.

20 [ 40 | 60 | 90 | 120 180 | 240

Content, %
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Al;03 422 | 4225|4224 | 424 | 424 | 388 | 363

SiO; 11.2 11.1 | 11.3 | 113 | 11.1 | 10.9 | 10.6

Fe;03 20.3 203 | 19.8 | 19.6 | 20.0 | 186 | 17.1

Ca0 1.3 1.14 1.1 1.1 | 117 | 1.06 0.9

Table 6 - Chemical composition of bauxite depending on
the duration of activation at a temperature of 200 ° C

Na,O | 0.413 | 045 | 1.16 13 | 143 ] 435 6.8

MgO 0.13 0.18 | 0.19 | 0.16 | 0.18 | 0.2 0.16

SO3 0.19 0.16 | 0.18 | 0.17 | 0.17 | 0.04 | 0.19

K0 0.07 0.06 | 0.02 | 0.04 | 0.03| 0.04 | 0.06

TiO, 2.5 2.4 2.6 2.2 2.5 2.2 2.06

Cl- 0.02 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.04

LOI 21.677 | 21.94 | 21.39 | 21.71 | 21.0 | 23.79 | 25.79

With an increase in the duration of activation
to 180 minutes at a temperature of 120 ° C, the
content of Na;O in bauxite increases, and the
content of the remaining elements remains the
same. With an activation duration of 180 minutes
or more, a thick pulp was obtained. the mass of
which is greater than the initial mass of bauxite,
therefore, the percentage of elements decreases.

The phase composition of bauxite depending
on the duration of chemical activation at a
temperature of 120 ° Cis presented in Table 5.

Table 5 - Phase composition of bauxite depending on the
duration of chemical activation at a temperature of

Name Duration, min.
20 40 60 90
Content, %
Al,O3 44.1 44.38 44.83 44.8
SiO, 11.0 11.1 10.9 10.7
Fe;03 20.1 19.4 19.9 11.08
Ca0o 1.14 1.1 1.2 0.6
Na,O 0.2 0.9 6.4 231
MgOo 0.18 0.18 0.18 0.12
SO3 0.17 0.17 0.16 0.2
K20 0.04 0.05 0.05 0.01
TiOy 2.6 2.53 2.5 1.64
CI- 0.02 0.02 0.02 0.01
n.n. 20.45 20.17 13.86 7.74

120°C
Activation temperature, °C
Name 20 [ 40 | 60 | 90 | 120 [ 180 [ 240
Content, %
Gibbsite 51.43| 51.42 | 51.45 | 51.91 | 50.69 | 45.62 | 43.76
AI(OH)3
Kaolinite-1A 11.67| 11.98 | 10.94 | 10.22 | 10.37 | 9.06 9.3

AL2Si205(OH)4

Siderite FeCOs | 4.89 | 4.58 4.77 5.00 6.56 6.02 -

Quartz SiO2 5.28 | 5.18 5.61 5.94 6.02 6.55 6.05

Hematite Fe,0s3| 10.02 | 10.25 | 10.23 | 10.1 9.81 9.35 8.09

Titanium oxide | 6.99 7.0 7.09 6.94 6.99 7.11 7.1
TisO11

Ferrotitanium | 6.32 6.2 6.25 6.6 6.54 6.23 6.71
oxide Fe,TiOs

Calcite CaCOs 34 | 3.39 3.66 3.29 3.02 4.4 4.5

Dawsonite - - - - - 5.66 | 14.49

INaAICO3(OH).

As a result of chemical activation, the content
of the gibbsite phase remains at the same level for
a duration of 120 minutes, further, its amount
decreases and a new aluminum-containing phase
appears - dawsonite.

The chemical composition of bauxite,
depending on the duration of activation at a
temperature of 200 ° C, is presented in Table 6.

With an activation duration of 60 minutes, a
thick pulp was obtained. A solid phase was
obtained at a duration of 90 minutes, which filled
the entire volume of the autoclave, there was no
solution (Figure 4).

Figure 4 - Solid phase of bauxite activation. obtained at
200 ° C and duration 90 minutes

An increase in the final weight of bauxite after
activation at a temperature of 200 ° C and a
duration of 60 minutes or more led to a decrease in
the percentage of elements, at the same time, the
sodium oxide content increased sharply, which is
associated with the formation of a new phase -
dawsonite (table 7).

Table 7 - Phase composition of bauxite depending on the
duration of chemical activation at a temperature of
200°C

Temperature, °C

Name 20 40 60 90

Content, %
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Gibbsite Al(OH)3 54.59 54.38 50.34 15.3
Kaol{nlte-lA 9.58 8.85 9.8 6.34
ALzSIzOs(OH)4

Siderite FeCO3 8.8 8.86 - -
Quartz SiO; 4.05 4.36 4.8 3.2
Hematite Fe;03 5.45 6.28 6.22 5.45
Titanium oxide 2.69 2.83 2.4 1.2
TigO11

Ferrotitanium oxide 8.49 8.19 8.41 2.8
FezTiO_r,

Calcite CaCOs3 6.35 6.25 3.26 2.82
Dawsonite - - 14.77 62.89
NaAICO3(OH),

Micrographs and electron microscopic analysis
of bauxite after chemical activation are shown in
Figure 5.
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Figure 5 - Micrograph and electron microscopic analysis

of gibbsite - kaolinite bauxite of the Krasnogorsk deposit

after chemical activation at a temperature of 200 ° C and
a duration of 40 minutes

The photomicrograph shows, that after
chemical activation of bauxite there was a
separation of the fine fraction from the coarse one,
which will improve the efficiency of gravity and
chemical processing, low-quality gibbsite - kaolinite

bauxite from Krasnogorsk deposit for further
processing to produce alumina.

Conclusions

The phase composition of gibbsite - kaolinite
bauxite of the Krasnogorsk deposit is represented
by gibbsite, kaolinite, siderite,
hydroaluminosilicate, quartz, calcium silicate,
hematite, titanium oxide and ferrotitanium oxide.

Electron-microscopic analysis of the original
bauxite showed that the coarse-crystalline fraction
is tightly pressed by the fine one. The total silicon
modulus of the sample is 3.45. The fines silicon
module is 2.19, large fraction - 4.41.

After the chemical activation of bauxite in a
sodium bicarbonate solution, the finely dispersed
fraction is effectively separated from the coarse
one and the phase composition changes - the
calcium silicate phase disappears and the calcite
phase is formed.

With an increase in the activation temperature,
the content of kaolinite and siderite decreases, and
the content of quartz and hematite increases.

At temperatures of chemical activation of
120 ° C, duration of more than 120 minutes and
200 ° C, duration of more than 40 minutes, the
dawsonite phase is formed in bauxite, which
densifies the mineral structure and makes it
impossible to carry out further enrichment by
gravity methods. therefore, when choosing the
activation conditions, it is necessary to exclude the
formation of this phase.

After chemical activation of bauxite, the
separation of the finely dispersed fraction from the
coarse one took place, which will increase the
efficiency of gravity and chemical enrichment of
low-quality gibbsite - kaolinite bauxite from the
Krasnogorsk deposit for further processing to
produce alumina.
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TYAIHAEME
TemeH cananbl 6OKCUTTI eHAeyAiH Benrini agictepiHin, 6ipkaTap Kemwiniktepi 6ap. Onapabl «KasakcrtaH
aNtoOMUHUIIY AK eHaipic XafgalbiHAA KONLAHY KMbIH HEMece MYMKIH eMec, COHAbIKTaH anaplH ana

Makana kengi: 25 Haypei3 2021

CapantamagaH eTri: 14 mameip 2021

Ka6oinganasi: 15 mayceim 2021 6alibITy TEXHONOMMACLIH 33ipaey KakeT. ToemeH cananbl 6OKCUTTI 6albITy - ca3gbl KOFapbl KPEeMHUMAI
JKaHe ipi Kpuctanapl dpakumanapFa 6eny apKblibl MyMKiH 60n1aabl. bacTtankbl GOKCUTTIH, 3N1eKTPOHAbI-
MWKPOCKOMUANBIK Tangaybl ipi Kpuctanabl $pakuusaHbiH Maiga 6GenweKktepmeH Tbifbi3 Hacbiibin
KanaTbIHAbIFbIH KepceTTi. YAriHiH, Xannbl KpeMHuii moayni 3,45 Kypanabl. ¥cak GpakumsaHbIH KpeMHUI
moayni 2,19, an ipi dpakumaHbiH, 3,89-abl Kypaiapl. BokcutTeri ycak 6enwektepai 6eny apKpibl
KPeMHUI1 moayniH KebeiTyre 6onaapl. HaTpuii rMAPOKapOOHaTLIHbIH, epPiTiHAICIHAE BOKCUTTI XUMUANBIK
aKTUBTEHAiPreHHeH KeliH ycak avcnepcti dpakuma ipi benikteH TMimai 6eniHesi xaHe pasanbik Kypambl
e3repefii - Ka/ibUMI CUAMKATbIHbIH, dasacbl KOWblAbIN, KanbuuT dasacbl Ty3inegi. benceHgipy
TemnepaTypachl }ofapbliaFaH4a KaOAMHUT NEH CUAEPUTTIH Meswepi a3andpl, an KBapL, NeH reMaTUTTiH,
Menwepi aptagbl. 3epTTeynep KOPCETKEHAEN, XMMMUANbIK aKTUBTEHAIPYAiH TemnepaTypacbl 120° C,
y3aKTbifbl 120 MUHYT XaHe 200° C, y3aKTbifbl 40 MUHYTTaH apTbiK 6oaFaHaa 6oOKCMTTe AaycOHUT dasachl
Ty3inin, MWHepPanablK KypblAbIMAbl TbIfbi3ganabl. XMMUANbIK aKTUBTEHAIPYAIH, OHTAlbl PEeXUMIH
aHbIKTaFaHAa, AAYCOHUTTIH, KaFbIMCbI3 Ty3i/ly MYMKIHAIMH eckepy KarKeT.

TyiiiH ce30ep: TMH6CUT-KAONUHUTTI BOKCUT, XMMUANBIK aKTUBALMA, HAaTPUIN rMapoKapboHaTobl, Gpasanbik
Kypambl, KOHAMLMANAY, TEXHONOTUSA.
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AHHOTALUMUA

M3BecTHble MeToabl nepepaboTKM HU3KOKAYeCTBeHHbIX GOKCUTOB MMelT pAj,  HefoCTaTKOB,
Aenalolmx 3aTpyAHWUTEbHBIM UAN HEBO3MOMHbIM WX MPUMEHEeHWe B yCi0BUAX npoussoactsa AO
«AntomuHMI - KasaxctaHa», noatomy Heobxoguma addekTmBHas paspaboTka  TexHonoruu
npeasaputenbHoro  oborawieHus.  OboralleHne  HU3KOKAYeCTBEHHbIX OOKCMTOB  BO3MOMKHO
OCYLLECTBUTL MyTEM Pa3geNeHus TAUHUCTOM — BbICOKOKPEMHWUCTOM M KPYMHOKPUCTaNAUYECcKon

MNoctynuna: 25 mapma 2021 dpaKkuMit. DNEKTPOHHO — MMUKPOCKOMMUYECKMI aHanM3 MCXO4HOro BOKCMTa NoKasan, YTo KpymHO —
PeueH3nposaHue: 14 masa 2021 KpucTanamyeckana ¢pakuua MNAOTHO 3anpeccoBaHa Menkon. OB6LWMIn KpemHueBbli moaynb npobbl
MpuHATa B Nneyatb: 15 uroHA 2021 cocTasnset 3,45. KpemHueBbIN Moaynb menKoi dpakuun paseH 2,19, kpynHoli— 4,41. B pe3ynbTate

oTAeNeHUA MesKon ¢pakumMn 6OOKCUTa BO3MOMKHO MOBbLICUTb €ro KpemHueBbli Moaynb. [pu
XMMMWYECKOW aKkTuBaummu BoKcuTa B pacTBope rmapokapboHaTa HaTpuAa nmpoucxoaut sodeKTusHoe
oTAEeNeHME MeNKoAWCNEePCHOW dpaKLMM OT KpynHOM U M3meHeHMe $a3oBOro coctaBa — ucyesaeT
dasa cunmkata Kanbuma n obpasyetca dasa Kanbuuta. C yBennyeHvem TemnepaTypbl akTUBaLMK
YMEHbLLAEeTCA CoAepiKaHMe Kao/IMHUTa U cuaepuTa, yBeIMuMBaeTca CoaepiKaHne KBapua u remaTtuTa.
WccnepoBaHnsa  Mnokasanu, 4YTo Npu  TemnepaTypax  XMMMYecKoil  aktueaumm  120° C,
npogomkutensHoctn 6onee 120 muHyT 1 200° C, npogonxuTtensHoct 6onee 40 MUHYT B 6oKcuTe
obpasyetca dasa [aycOHWTA, KOTOpas YNIOTHAET MUHEpPaNbHYl CTPYKTypy. Mpu onpeseneHuu
ONTUMaNbLHOTO PeXMMa NPOBEAEHUA XMMUYECKOM aKTMBaLMM HeoBXOAMMO YUWUTbIBaTb HeraTUBHYIO
BO3MOXKHOCTb 06pa3oBaHWA AayCOHUTA.

Kntoyesole cnosa: MOE6CUT-KAaONMHUTOBBIN BOKCUT, XMMMUYECKaA aKTUBaLMA, TMAPOKapboHaT HaTpua,
$a3oBbIll COCTaB, KOHAULMOHMPOBAHWE, TEXHONOTUA.
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