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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EFFECT OF ELECTROPHYSICAL IMPACT
ON THE PHYSICAL AND CHEMICAL CHARACTERISTICS
OF COAL ASH FROM THE MAIKUBEN DEPOSIT

Abstract. The paper studies the effect of electrophysical treatment of ash from coal of Maikuben deposit on its
physical and chemical characteristics. The processing of coal ash was carried out on an electromagnetic apparatus
(for fine grinding of ash particles) and on a high-voltage electric discharge installation (to change the properties of
ash). The physical and chemical characteristics of coal ash were studied by multi-element instrumental neutron
activation analysis (elemental analysis on the content of microelements), energy dispersive X-ray spectroscopy on a
scanning raster electron microscope with an attachment for energy dispersive analysis (for studying the structure and
size of ash and analyzing the content of macroelements), laser diffraction (for analyzing the volume distribution of
ash particles size), Brunauer-Emmett-Teller (BET) (for determining the specific surface area and pore volume). It
was established that after the electromagnetic treatment of coal ash, the surface of the samples acquires a more
developed and porous structure and the particle sizes significantly decrease. This is especially observed for the
average volumetric distribution of Dv (50) (50% of particles of their total number), where the interval of change of
particles is 129-7 micrometers. As a result of the electric discharge treatment of coal ash, additional mineral complex
compounds are formed with the content of some rare metals Ga, Ge, Li. It was revealed that the electric discharge
treatment of ash, like the electromagnetic treatment, leads to a decrease in the size of the particles of the original ash,
but not so significantly (up to 1.3 times).

Key words: coal, ash, electromagnetic treatment, electric discharge treatment, chemical composition, physical
and chemical characteristics.

Introduction. Ash and slag waste (ASW) of coal-fired thermal power plants can be considered as
technogenic deposits of mineral substances suitable for cost-effective industrial use.

ASW are products of high-temperature (1200-1700°C) processing of the mineral part of the fuel [1].
The main ash-forming macronutrients in ASW (Si, Al, Fe, O, Ca, Ti, Mg, S, K, Na) make up 98-99%.
Particularly all other elements (trace elements) are contained in the ash in a concentration of 0.1% or less.
During the combustion of coal, part of the trace elements (Sr, Ba, Sc, Y, La, Ti, Zr, etc.) is concentrated in
the slag. Other elements (Ga, In, T, Ge, Sn, Pb, etc.) at temperatures above 1000°C volatilize from the
zone of high temperatures and settle in electrostatic precipitators and cyclones (at 110-120 °C) [1].
Moreover, the chemical properties of the ash and slag waste system vary greatly depending on the type of
coal, combustion temperature, combustion technology, air / fuel ratio, and coal particle size [2].

All elements of ASW can be part of both the mineral part of the coal (i.e. form minerals) and in the
form of compounds with the organic matter of the coal, forming the so-called organic-mineral
components, which are the least studied forms. These include: salts of humic acids (K, Na, Ca, Mg, etc.),
complex humates, characterized by a cyclic system of bonds, as well as organic compounds (i.e., C-E
bond, where E is S, Si etc.) [3].

A significant accumulation of ash and slag waste due to coal combustion (in CHP, boiler houses) in
ash dumps causes special attention to the study of the physical and chemical characteristics of coal ash.
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For example, in [3-8], coal ash was studied using elemental, electron microscopic, X-ray phase analysis,
and particle size analysis. These studies have shown that the ash contains mainly silicon dioxide,
aluminum oxide and iron oxide and is a fine amorphous material consisting of particles with a size of 5-
100 microns. Fly ash consists of glassy, hollow spherical particles, which are cenospheres (thin-walled
hollow spheres). The mineralogical composition of ash is represented mainly by inorganic elements in the
form of quartz, kaolinite group minerals, mullite, magnetite, siderite, hematite. The modulus of ash
basicity is basically MO < 1, therefore, this ash is classified as acidic, which results in the absence of
binding properties of these materials. Studies of the sorption properties of coal ash showed that the
specific surface area of ash (measured by the BET method) can vary from 1.1 to 15.6 m*/g, depending on
the phase content and porosity [9-13]; while the total pore volume can vary from 0.004 to 0.022 cm’/g
[10,12].

The specific properties of ash and slag waste are used in the production of building materials (as
additives in concrete, cement, bricks, etc.) [1,14,15], in the preparation of aluminosilicate and magnetic
microspheres [1], silica [16] and alumina [17,18], in the extraction of rare metals [19-24].

The purpose of this work is to study the effect of electrophysical effects on the physicochemical
characteristics of the ash of Maikuben coal. Experiments were performed in LLP "Institute of Coal
Chemistry and Technology" (Astana).

As objects of research, ash was used in its original form, ash after processing on an electromagnetic
device (hereinafter EM treatment) and ash after electric discharge treatment (hereinafter ED treatment)
(except for samples for analyzing the size of coal ash particles, where the processing was carried out
separately from friend to determine the impact of each influence). EM treatment of coal ash was carried
out for its fine grinding, the ED treatment of ash to weaken and/or break chemical bonds in an aqueous
solution of ash.

Research methodology. The preparation of ash samples was carried out in 3 stages. At the 1st stage,
the ash was pre-crushed and an average sample (by chemical and particle size distribution) was prepared
from the combined sample kBapt by the quartering method. At the 2nd and 3rd stages, the EM processing
and then the ED treatment were carried out, respectively.

EM processing of ash samples was carried out on an electromagnetic apparatus EMA-1 (figure 1),
which consists of an inductor, a working chamber and a tripod. Electric parameters of EMA-1: rated
current - 8 Amps; nominal electromagnetic field strength in the center of the inductor (at 220 V) — 40-45
kA/m; active power — 0.15-0.2 kW; the power and capacity of capacitors to compensate for coso is 400
microfarads.

2
L=
/—

Figure 1 — Grinding of ash in EMA-1 in the periodic mode: 1 — inductor; 2 — working chamber;
3 — magnetic granules; 4 — crushed material; 5 — tripod

The treatment was carried out as follows:

— coal ash (100 grams) was mixed with magnetic granules (2-3 mm in diameter) (the ratio of the mass
of the ground material to the mass of magnetic granules 1:10; magnetic granules occupied 70-80% by
volume of the working chamber);

— a glass beaker was placed in the working chamber (about 1 1), in which an elastic material (rubber-
fabric was preliminarily inserted inside) to prevent sticking of the crushed ash to the walls and the
formation of cracks on the walls of the glass from the impact of magnetic granules);
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— the resulting mixture of ash with magnetic granules was unloaded in the working chamber and
closed (to prevent the ash from entering the atmosphere);

— the working chamber was installed inside the inductor (in the middle);

— electromagnetic processing in EMA-1 was performed 3 times for 8 minutes;

At the same time, during processing in the chamber thorough mixing and grinding of ash occurred
due to the strong rotating and colliding actions of the magnetic granules, which is caused by the induction
of the vortex electric field due to the action of the alternating electromagnetic field from the inductor.

Visually, it was found that the size of the ash particles after electromagnetic treatment decreased
significantly compared with the particles of the original ash.

ED treatment of coal ash by high-voltage pulsed discharge was carried out in a laboratory electric
discharge installation (figure 2), consisting of the following components: power regulator, capacitor bank,
step-up transformer (from 220 V to 30 kV), reactor (200 ml capacity for coal water solution ash with
2 electrodes).

Capacitor discharge
button

Power control

Adjustible contacts of ———
discharge feed

Grounding

Electrodes

Figure 2 — Schematic diagram of the electric discharge installation

Experiments were performed as follows. The necessary technical parameters were pre-installed and
adjusted (voltage 30 kV, the number of discharge into the reactor 5 times in 1 second, the distance
between the upper electrode and the surface of the solution was 3-5 mm). The prepared ash weighing 40 g
and 80 ml of water were thoroughly mixed and the resulting solution was poured into the reactor. The
installation was turned on through a special remote control and arc-processed for 3 minutes. Next, the
resulting solution was dried to a dry state (for the subsequent measurement of the electrophysical cha-
racteristics of coal ash).

Elemental analysis of the content of microelements in the Maikubensky coal was performed using
multi-element instrumental neutron activation analysis on a multichannel amplitude pulse analyzer
(KANBERRA) with a detector of pure germanium mark GX-3018 with a resolution of 1.8 keV using the
Co60 line of 1333 keV and recording efficiency 30 %

The study of the elemental composition, structure and dimension of coal ash was carried out using
energy dispersive X-ray spectroscopy on a scanning electron scanning microscope SEM (Quanta 3D 2001)
with an attachment for energy dispersive analysis (EDAX). The samples were attached to a copper holder
with conductive adhesive paper. Previously, a thin conducting layer of carbon was deposited on the
surface of the samples in a special vacuum unit for better passage of charges. The energy of the exciting
electron beam in the analysis was 15 keV, the working distance was 15 mm.

X-ray diffraction was used to identify the crystalline phases that make up the ash. X-ray phase
analysis was performed on a Rigaku MiniFlex 600 diffractometer. The sampling mode: Fe, Kp-radiation,
voltage on the X-ray tube is U = 40 kV with a current J = 15 mA.

The adsorption characteristics of the ash (specific surface area, specific volume by limiting filling)
were studied using the Brunauer — Emmett — Teller method (BET). The measurements were performed on
a Sorbtometer M analyzer (CATACON company). Nitrogen was used as adsorbate gas, helium was used

— 4) ——
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as carrier gas. Before starting the measurement of the sample, a thermal training was performed, i.e. its
degassing, which consists in heating the sample in a stationary gas flow at a given temperature in order to
remove absorbed gases and vapors from the surface of the material under study.

To establish the degree of influence of electrophysical effects on the particle size of coal ash, an
analysis of the volume distribution of particle sizes was carried out for various values of bulk density. At
the same time, the processing of coal ash by an electric discharge and an electromagnetic method was
carried out separately from each other, in order to exclude their mutual influence, and thus to conduct a
comparative analysis of the effectiveness of each type of influence on the particle size. Analysis of ash
particle sizes was performed by laser diffraction using a Malvern Mastersizer 3000 instrument, designed
to obtain information about the volume distribution of particle sizes in the range from 0.01 to 10 000 pm.
Distilled water was used as a dispersant for all ash samples in the Hydro-MV mode.

Results and its discussion. The results of the elemental analysis show the presence of 31 micro-
elements in ash samples of Maikuben coal (table 1).

According to the technical classification [23], the following groups of rare metals are present in coal
samples: light — Cs, Li, Rb, Sr, Ba; refractory — Ta, Hf; rare earth metals — Sc, La, Nd, Eu, Tb, Yb, Lu,
Sm, Ce; scattered — Ga, Ge, Cd; radioactive — U, Th.

As can be seen from the listed metals, predominantly rare earth metals are present in the coal.

Table 1 — Results of multi-element instrumental neutron activation analysis of the studied Maikuben coal

Sample number Element Content, g/t
1 Samarium (Sm) 10.5
2 Uran (U) 2.0
3 Ytterbium (Yb) 5.82
4 Bromine (Br) <1
5 Lantan (La) 51.0
6 Cerium (Ce) 90.5
7 Terbiy (Tb) 2.47
8 Chromium (Cr) 82.5
9 Barium (Ba) 2341
10 Strontium (Sr) 1622
11 Silver (Ag) <0.5
12 Rubidium (Rb) 454
13 Cobalt (Co) 33.6
14 Neodymium (Nd) 61.5
15 Gallium (Ga) 21.85
16 Zinc (Zn) 136.6
17 Thorium (Th) 8.5
18 Hafnium (Hf) 8.20
19 Tantalum (Ta) 0.1

20 Germanium (Ge) 16.48
21 Calcium (Ca) 3.54
22 Lutetium (Lu) 0.81
23 Gold (Au) 0.0089
24 Arsenic (As) 14.3
25 Sodium (Na) 0.08
26 Scandium (Sc) 31.1
27 Iron (Fe) 7.24
28 Europium (Eu) 3.30
29 Lithium (Li) 12.92
30 Cesium (Cs) 3.22
31 Cadmium (Cd) 5.72

Note: content of Fe, Ca, Na in %.
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Analysis of the obtained results shows the presence in the greatest amount (from 0.08 to 3.54%) of
metals such as calcium, barium, strontium, sodium (in decreasing order of concentration), attracting a
certain interest for industry. Their concentrations (in wt.%) Are: Sr (0.1622), Ba (0.2341), Na (0.08), Ca
(3.54). The remaining elements are present in very small quantities (from 0.01% or less), especially silver,
tantalum, gold, bromine, lutetium (to 0.0001%).

The results of elemental energy dispersive analysis (EDAX) on the content of macronutrients in the
ashes of (initial) coals are shown in table 2.

Table 2 — The chemical composition of the mineral part of Maikuben coal

Indicators Content, wt. %
SiO,, % 50.16
AlLO3, % 26.63
Fe,0;, % 8.27

Ca0, % 5.84
MgO, % 2.79
TiO,, % 1.05

SO;, % 0.93
P,0s, % 0.87

K,0 +Na,0, % 1.16

The obtained data show that the main macroelements of coal ash are acidic and amphoteric oxides of
silicon, aluminum and iron, the total concentration of which is 85 %, which is comparable with similar
data obtained in [7] (90 %).

To characterize the ash activity of the studied coal and their stability during decomposition, the
basicity modulus (M,) was calculated using the known formula [25] as the ratio of the sum of the
contents of basic alkaline earth metal oxides to the sum of silicon and aluminum oxides (in %):
My= (CaO + MgO)/(SIOQ + A1203)

The calculation results showed that the modulus of basicity is 0.112 which makes it possible to assign
these samples to the class of acid ashes (M, < 1), which causes their absence properties [4].

Electron microscopic images of coal ash samples, presented in figure 3, demonstrate the morpho-
logical features of the samples, whence it is seen that the ash surface is heterogeneous and represents an
amorphous and dense structure and is characterized in some places by flaky inclusions. Most ash particles
have an irregular shape (flat, acute-angled). The surface relief of the particles has a high degree of
roughness and pores of various geometric shapes with sizes up to about 500 nm (figure 3, b), which
corresponds to macropores with sizes > 50 nm (according to the classification of pores adopted by the
International Union of Theoretical and Applied Chemistry ({UPAC).

a) x10 000 6) x30 000

Figure 3 — Electron microscopic images of the ashes of Maikuben coal: a) initial ash; b) ash after EM treatment

— 4y ——
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The results of the analysis of micrographs show that after the EM treatment, the ash acquires a more
developed surface and porous structure.

The obtained data on X-ray phase analysis (table 3) show that the presence of two crystalline phases
of the main ash-forming elements, a-quartz and mullite (3A1,0;:2S10,), is common to all the ash samples
studied. This coincides with the literature data obtained in the study of the phase composition of coal ash
from other deposits, where these minerals are also the main crystalline phases [4-6]. As a result of the ED
treatment of the ashes, kaolinite and anhydrite are removed and mineral phases with the content of rare
metals Ge, Li, Ga are additionally formed (table 3). This effect of the electric discharge is apparently due
to the fact that when the pulsed high-voltage voltage is applied to the ashes, a simultaneous influence and
a complex mechanism of all the effective factors of the electrohydraulic effect occur, which lead to the
breaking of sorption and peripheral chemical bonds and the formation of new compounds.

Table 3 — Mineral composition of Maikuben coal

Chemical composition
Phase name .
initial ash ash after EM treatment | ash after ED treatment
a-Quartz SiO, SiO, SiO,
Mullite 3A1,05°2Si0, 3A1,05-2Si0, 3A1,05°2Si0,
Kaolinite Al,0;-2Si0,-2H,0 Al,05-28i0,:2H,0 -
Hematite F,0; F,0; -
Anhydrite Ca(SOy) Ca(S0y) -
Aluminum Germanium Oxide Hydroxide - - Al,GeO4(OH),
Octalithium hexakis(gallosilicate)dibromide - - Lig(GaSiO4)6Br,

Bulk density, pH of the aqueous extract, adsorption activities on iodine and methyl orange for
samples of coal ash (in its original form, after the EM and ED treatments) were determined in accordance

with [26,27]. The results of the analysis are shown in table 4.

Table 4 — Physical and chemical characteristics of the ashes of the Maikuben coal

Name of the indicator Ash in its original form Ash after EM treatment | Ash after ED treatment
Bulk density, g/cm® 0.75 0.810 0.90
Methyl orange adsorption activity, % 65.00 70.10 69.50
pH of the aqueous extract 9.20 8.86 4.27

Highest values of bulk density and methyl orange adsorption activity has ash after EM and ED
treatments, confirming the data obtained by microscopic analysis of samples (figure 3), where electro-
magnetic treatment leads to a more developed surface and porous structure.

Table 5 presents the results of measurements of specific surface area and specific pore volume (by
limiting filling) of the studied coal ash samples.

Table 5 — Adsorption characteristics of coal ash

Name Specific surface area, m*/g Specific pore volume, cm’/g
Ash in its original form 23.876 0.036
Ash after EM treatment 37914 0.055
Ash after ED treatment 38.639 0.057

The data obtained show that the coal ash is a porous material. EM treatment of ash samples
contributes to a noticeable increase in the specific surface area (=1.6 times) and the specific volume of
pores (=1.5 times). At the same time, the ED treatment of ash (after EM treatment) almost does not lead to
a noticeable change in the values of the specific volume of pores and specific surface. The results of the
analysis of adsorption characteristics of initial ash samples are approximately consistent with similar
parameters obtained in [3,7].

The results of the analysis of the volumetric distribution of particle sizes for different values of bulk
density Dy(10), Dy(50), Dy(90)(10%, 50%, 90% of particles from the total amount respectively) are
presented in table 6.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Table 6 — The results of the analysis of the particle size of Maikuben coal ash

Name of the indicator Uniformity Dv(10), um Dv(50), um Dv(90), um
Ash in its original form 1.484 7.91 129 612
Ash after EM treatment 4.771 1.41 7.08 75.3
Ash after ED treatment 1.903 7.07 101 603

As can be seen from the results of the analysis, when exposed to coal ash by electric discharge, there
is a slight decrease in particle size (1.1-1.3 times) ash for for all volumetric distributions. At the same
time, the EM treatment of coal ash leads to a more significant decrease in the particle size of the ash as
compared to the electric discharge treatment, especially for the average distribution of Dy (50), where the
particle size decreases by 18.2 times (129-7.08 um). The consequence of the effective influence of the EM
treatment of coal ash on particle size reduction is an increase in the specific surface and specific pore
volume. This fact is confirmed by the obtained data on the adsorption characteristics of the ash (table 5).

Conclusion. Thus, the study of the effects of electrophysical effects on Maikuben coal ash showed
that EM treatment effectively mainly affects the particle size and adsorption properties of coal ash, while
ED treatment mainly affects the mineralogical composition of coal ash. The use of electrophysical
treatment of coal ash is of particular scientific and practical interest, since it allows for the qualitative
preparation of this material for its further thermochemical processing in order to leach valuable compo-
nents such as rare metals, silica, alumina.
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MAMKYBEH KEH OPHBIHBIH, KOMIP KYJITHIH
OU3UKAJBIK-XUMUSAJIBIK KACUETTEPIHE SJIEKTPO®U3UKAJIBIK OCEPAIH CAJIIAPBI

Annoranust. XXywmbicra IllonTeiken keH opHbiHarsl (MaiikyOeH Oacceitni, KazakcTan) keMip KYJIiH 3J1€KTpo-
(u3uKanbIKk eHIey OapbIChIHAA OHBIH (DM3UKA-XUMUSJIBIK KacHeTTEepiHe THri3eTiH acepi 3eprrenreH. Kemip kyii
aNJIBIH ajla 2JIeKTPOMAarHuTTIK anmaparrta (KyJ OeJIIeKTepiH ycakray YIIiH) eHJeNai, OJaH COH MarHuT TYHip-
IIIKTEpIMEH apalacThIpbIN (JuaMeTpi 2-3 MM) JKYMBIC KaMepachlHa KiOepinai (MHIYKTOp illiHE OpHATBLIIBI), al
yHTaKTay npoueci 8 MuHyTTaH 3 per xypriziani. Conan keiiH cymeH apanackad (1/2 maccaibIK KaTblHacTa) KYJIti
kepHeyi 30 xB-ka neiiH jKOFapbsl BOJIBTTHI 3JIEKTP Pa3psiIThl KOHIBIPFBIIA KYJI OJIIEeKTEepiHAEri XUMHSIBIK
OaiTaHbICTapABIH 2JICipeyi koHe/ HeMece Oy3y MakcaThlHAa 3 MHHYT OHACHII. DNeKTPO(U3HKAIIBIK OHICYTe MeHiH
JKOHE OHJICYACH KeHiH KeMip KYIiHIH (hHU3HKa-XUMHUSIIBIK CHIIATTaMalapblH KOl 3JIEMEHTTI aclanThIK HEHTpOHIbI-
aKTHBTCHIIPYII TalIay 9liCiMeH KON KaHaIbl aMIUTHTYAAIBIK UMITYJIbCTI («KanberraykoMImaHHusIChl) aHAIN3aTopIa
(MUKPOIJIEMEHTIK KYpaMblH JJIEMEHTTIK Tanaay yimiH), SEM sIeKTpoHIbl MUKPOCKOMBIHAAFEI 3HEPTOAMCIIEPCTIK
peHTreH-cnekTpockonusuiblk, omicieH SEM (Quanta 3D 200i) ckaHepseymni pacTpiibl 3JIEKTPOHIBI MHUKPOCKONTA
(Xy7miH KYpBUIBIMBI MEH KYJ O6JIIeKTepiHiH OJIMIeMiH 3epPTTey JKOHE MAaKpOdJIEMEHTTIK KypaMbIHA Talfay XKacay
yuwin), RigakuMiniFlex 600 mudpakromerpiMen peHTreHAik Audpakius dAiciMeH (MHUHEpalIbl Kypamabl Tajnay
yuin), smazepni audpaxims omicimen MalvernMastersizer 3000 KypbUIFBICBIHAA (KYJ O6JIIEKTEPiHIH ©JeMi
OOMBIHIIIA KOJEMIIK TapalyblH TajlAay YiIiH), SorbtometerM ananusaropsinia («Karakon»kommnanuscel) bpyHayap-
Ommert-Temrep (BET) (HakTel OeTTik aymaHIbl JKOHE KEyeKTEp[iH HAaKThl KOJEeMiH aHBIKTAay YIIIH) 3epTTeli.
3epTTenreH KOMip/iH MUKPOAJIEMEHTIH Taay HOTHKeJIepi Kb, Oapyii, CTPOHIMHA, HATPHH CHUSKTHI METaIIapAbIH
ke memmepe (0,08-xeH 3,54%-Fa neiiin), anm kKanraH aneMeHTTep ote a3 menmepae (0,01% Hemece onaH a3) Oap
eKCH[IITIH KepCeTTi, acipece KyMic, TaHTaj, alThIH, OpoM, JItOTeIwid eTe a3 Memmepae Oomaxbl. Kemip KymiHiH
MaKpO3JEMEHTTIK KYpaMbIH Talfay HOTHXKeNepl KOpCeTKEeHeH, HeTi3ri MaKpodJIeMeHTTep KPEeMHUIIIH, aTioMu-
HUIl MEH TeMIpJiH KbIILIKbULABIK oHE amdoTepii okcuarepi OOJbIN TaObLIabl, OJapAbIH JKAJIIbl KOHICHTpA-
uscel 85 Y%-apl Kypaiapl. 3epTTeiin OTEIpFaH KyJI YIIiH eCenTeNreH Heri3mik Moayis (My) 0,112 Gommer, 6yi1 OHBI
KBIIKBUT Kynre (M, < 1) kaTKpI3yFa MYMKIHZIK Oepeni, Oy TYTKBIp KacueTTtepaiH O6osmMaybiHa cebenkep 0omaabl.
KyJnaiH 371€eKTpoHIbl MUKPOCKONHSIIBIK TaJaybl OONIIEeKTepAiH OETTIK penbediHiH Kelip-OybIpIbIFbIHbIH JKOFaphl
eKeHIiriH xoHe ommemi 500 HM-re aeiin, Oy emmemaepi > 50 HM MakpOKEYyeKTepre COMKec KENeTiH opTypJi
reOMETPHSUTBIK (hopManapabiH 0ap ekermirid kepcerTi. COHBIMEH KaTap, 3JCKTPOMArHUTTIK OHJACYICH KEeWiH KYJI
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AMBIFaH OCTKi JKoHE KEYeKTi KYPBUIbIMFa e Oonambl. PeHTreHIIK Mu(paKIUsSHBIH HOTIDKENEpl KYJIiH HeTisri
AIIEMEHTTEPiHIH €Ki KpUCTaiabl (a3achlHBIH, O-KBapn neH MyiumutTiH (3A1,05:2S10,) 6omysr 6apibK 3epTTenreH
KYJI CBIHAMaJlapblHa OPTAaK CKEeHIH KOPCEeTTi. DJETPIiK Pa3psAATHl OHACY HOTIDKECIHIAE KYJACH KAOJHMHUT >KOHE
aHTHIIPUT JKOUBLIBIN, KypaMmblHAAa cHpek ke3geceriH meranmap Ga, Ge, Li 6ap muHepanasl (azamapsl KOCHIMIIA
KYPBUIATBIHIBIFBI aHBIKTAJIbI. Byl cOpOLUSIIBIK sKoHe Nepr(epHUsIIbIK XUMHSUIIBIK OaiianbicTapABIH OY3bUIBII, XKaHa
OaiinaHbICcTap/bIH Maiia OOJybIHA ANbIN KENETIH AIEKTPOrHPaBIUKAIBIK dPPEeKTTiH Oapiiblk ocep eryun (akTop-
JIAPBIHBIH O1p yaKbITTa dCcep €Tyl MEH Kypjesi MEeXaHU3MHIH ocepiHeH maiina Oosanpl. Kemip KyJaiHIH METHIOpAHK
yJrinepi OOWbIHILIA CYCHIMAabI THIFBI3ABIKTHI JKOHE aJCOPOLMSIIBIK OCICEHIUTIKTI Tajiay HOTHXKENIEpl dJIeKTpoMar-
HUTTIK JKOHE 3JIEKTP Pa3psAThl OHJEYACH KeWiHI1 mapaMeTpliepAiH MoHI OacTalKbl KYJIMEH CaJbICTBIpFaHIa eadyip
YJIKEH €KEHIH KOpCeTTi, OYJI ANIeKTPOMAarHUTTIK OHJIEY HEFYpJIbIM JaMblFaH OETKe OHE KeYEeKTi KYpPBUIBIMFA aJIbIIl
KEJIETIHIINH KOpPCETeTiH 3JIEKTPOHABl MHKDPOCKONHWS apKbLIbl AJIBIHFAaH MAJIIMETTepMEH colikec Kenexmi. Kemip
KYJIHIH 3€pTTeNreH YJTiIepiHiH MEHIIIKTI OeTiHIH ayJaHbIH >KoHE KEYeKTiH MEHIIIKTI KeJIeMiH (MaKCHMaiJbl
TONTHIPY OOWBIHIIA) 3ePTTEY HOTHKENEPi KOMip KYIiHIH KEYeKTi MaTepual ekeHiH kepceTTi. KynmiH cerHaManapbia
AIIEKTPOMATHUTTIK OHJIEY MEHIIIKTI OeTTiK aymaHbIHBIH (1,6 ece) jkoHe KeyeKTepAiH MEeHIIKTI kenemiHiH (1,5 ece)
apTybIHA BIKOAJ eTeTiHAiriH kepceTTi. CoHpIMEH Oipre KYJIAi 0J1aH 9pi SJEKTPIIi pa3psaaTsl OHAEY (AIEKTPOMArHUTTIK
OHJICYJIeH KeHiH) ic Jy3iHAe KeyeK KesleMi MEH MEHIIIKTI OCTiHiH MOHIEPiHIH alTapibIKTail e3repyiHe oKeIMenIi.
bemmekrepain kenaemaik THIFBIBALIKTEIH Dy(10), Dv(50), Dv(90) optypai monzaepinaeri (OoMeKTepiH Kajbl
memmepineH Tuicinme 10%, 50%, 90%) emmemumepi OOHBIHIIA KOIEMAIK TapadybIHBIH aHAIN31 KOpPCETKEHIEH
AJIEKTP pa3psAbIMEH OHACYACH KeiliH OapIbIK KeJeMJIi Tapatyyiap YIIiH KYJJIiH OeNIIeKTepiHIH emeMi xKail azas-
ThIHABIFBIH KepceTTi (1,1-1,3 ece). CoHbIMeH KaTap, KOMip KYIiH 3JCKTPOMArHUTTIK OHICY 3JICKTP Pa3psAATH OH-
JIEYMEH CaJbICTBIPFaH/a Ta3apTyMEH CalbICTBIpFaHa KYJIiH OeJIeKTepiHiH OJIIEeMiHIH eoyip a3aloblHa oKejell,
acipece Dy (50) oprarra Tapairysl Ke3iHae THIMIL, OHJa Oemmrekrep iy memepi 18,2 ece azaspl (129-man 7 MKM-Te
neiiin). Ocputaiiina, 31eKTpoPU3NKANIBIK ocep eTyiH KeMip KYJIiHEe dCEpiH 3epTTey IEKTPOMArHUTTIK OHJEY Kyl
OemexTepi MeH aJICOpOUMSIIBIK KacHeTTepiHe YHTAKTayAbIH dcepi O0ap ekeHiriH kepcerTi. COHBIMEH KaTap 3JIEeKTp
Pa3psIBIHBIH 9Cepi HETi3iHeH MIMKi3aTTHIH MHHEPAJOTHIIBIK KYpaMmblHa ocep eremi. Kemip KymiH smekrpodusn-
KaJIBIK OHACY/l KOJIAaHy FBUIBIMH JXOHE NMPaKTHKAIBIK KBI3BIFYIIBUIBIK TYABIPAAbl, OWTKEHI OYJ1 KYHIBI eHiMAEpAi
(KpeMHHUH, TIMHO3EeM, CHPEK KE3JIeCETiH MEeTajiap >koHe T.0.) TONBIKTAil ally YIIH JKOHE/HeMece TEXHOJOTHSUIIBIK
PEXUMACPI «OKYMCapTy» MaKCaThIHAA KYJI/II OJaH opi ®HJEeYTe camajbl JalbIHAayFa MYMKIHIIK O6epei.

Tyiiin ce3aep: kemip, Ky, JIEKTPMarHUTTIK OHIEY, SJICKTP3aPSATH OHACY, XUMHUSIIBIK KYPaMbl, (PHU3UKAIBIK-
XUMUAJIBIK CUTIaTTaMaJ1apbl.

b. T. Epmaramoet, H. Y. Hypraaues, H. A. Maciios, JI. /I. A6buirazuna, A. A. CbI3IbIKOBa

TOO «MHCTUTYT XUMHH YTIIA ¥ TexHOIorum», Hyp-Cynran, Kazaxcran

BJAUSAHUE JEKTPO®U3IUYECKOIO BO3JIENCTBUA
HA OM3UKO-XUMHNYECKHE XAPAKTEPUCTHUKH 30JIbI YIS
MAUKYBEHCKOI'O MECTOPOXXIEHUSA

AnHoTanusi. B pabore nccnenoBaHo BIHMsSHHE 3IEKTPOGU3MYECKOW 00pabOTKU 30kl YIVIsl MECTOPOXKICHUS
«Ionteikonky (MaiikyOenckuii Oacceiin, KazaxcraH) Ha ee (pu3uKo-XxuMH4YecKHe XapakrepucThku. [IpenBapuresn-
HO yTOJIbHYIO 30J1y 00pabaThIBaiy Ha AJIEKTPOMAarHUTHOM arrmapare (Uil TOHKOTO W3MEJIBUEHHsT YaCTHIL 30J1bl), B KO-
TOPOM 30JIy IMPEIBAPUTEIFHO TMEPEMEIIUBAIM C MarHUTHBIMHM TpaHyJaMu (IuaMeTpoM 2-3 MM) U BBITPY)XKald B
pabouyro kamepy (yCTaHOBJICHHYIO BHYTPH MHAYKTOPA), M MPOIECC U3MENIBUCHHS MPOBOIIIN 3 pa3a IO 8 MHHYT.
3areM 301y, CMEIIAHHYIO C BOIOH (B MAacCCOBOM COOTHOIICHHU 1/2 COOTBETCTBEHHO), MOABEPTald BO3ICHCTBUIO HA
BBICOKOBOJIBTHOH 3JIEKTPOPa3psiiHOi ycTaHOBKe ¢ HampspkeHueM a0 30 kB B TeyeHue 3 MHHYT Ui ociabieHus
W/WIK pa3pbiBa XUMHYECKHX CBsI3€il B yacTUNax 30Jibl. DU3NKO-XMMUUECKHE XapaKTEPUCTUKH 30JIbI YIVISL JI0 U TIOCIIe
aNeKTpoU3NUECKOi 00pabOTKM MCCIEAOBaIM METOJAMU MHOTORJIEMEHTHOIO HMHCTPYMEHTAJIBHOTO HEWTPOHHO-
aKTHBAI[MOHHOT'O aHAJIM3a HA MHOTOKaHAIILHOM aMILTUTY/IHOM aHAJIM3aTope UMITYJIbCOB (kommanus «Kanberray) (s
3JIEMEHTHOTO aHalli3a Ha COAEP)KaHNE MUKPOIJIEMEHTOB), JHEPIOMCIIEPCHOHHON PEHTI€HOBCKOM CIIEKTPOCKOINY Ha
CKaHHPYIOIIEM PacTPOBOM 3JIeKTpoHHOM MuKpockorie SEM (Quanta 3D 200i) ¢ mpucTaBKOM Ui SHEProAMCIIEp-
CHOHHOTO aHaiM3a (JUIs U3y4eHHs CTPYKTYPhI M PasMEpHOCTH 30JIbl M aHaJM3a Ha COJEep)KaHHE MaKpOIJIEMEHTOB),
peHTreHOBCKOM audpakimu Ha mudpakromerpe Rigaku MiniFlex 600 (mans aHamm3a Ha MHUHEPAIbHBIA COCTaB),
nasepHoi qudpakiun Ha mpudope Malvern Mastersizer 3000 (111 aHaIM3a 00BEMHOTO PACTIPEACIICHISI YaCTHUIL 30JIbI
mo pa3mepam), bpynayspa-Ommera-Temnepa (BOT) Ha ananuzarope Sorbtometer M (xommanus «Katakon») (mist
OIpeZieIeHUs! YAeIbHOW MOBEPXHOCTH M YAEIBHOrO 00beMa 1op). Pe3ynbrarbl MUKPOIJIEMEHTHOTO aHajaM3a uccie-
JlyeMOro yIJsl MmoKa3aiu Hajuuue B HauOosbiieMm koiauuectBe (0T 0,08 mo 3,54 %) Takux METayIOB, KaK KaJbI[Hid,
Oapuii, CTPOHLIMIA, HATPHIA, & OCTAIBHBIE MIEMEHTHI IPUCYTCTBYIOT B 04eHb Manbix koiudectBax (ot 0,01 % u me-
Hee), 0COOCHHO cepedpo, TaHTall, 30J10T0, OpoM, JIIoTeluid. Pe3ynbrarel aHau3a Ha coliepiKaHue MakpOdlJIEMEHTOB B
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30J1€ YIS TOKa3ajH, YTO OCHOBHBIMH MAaKpOXJIEMEHTAMH SIBIAIOTCS KHUCIBIE M aM(pOTEpHBIE OKCHIBI KPEMHHS,
AJIOMUHUS W JKeJe3a, o0mmas KOHIICHTpAIUs KOTOPBIX cocTaBmsieT 85 %. PaccumTaHHBII MOXYTh OCHOBHOCTH
(My) mns uccnemyemoit 30mbl coctaBun 0,112, 4ro mo3BonseT ee OTHECTH K Kiaccy KuCHbIX 301 (Mg< 1), uto
00yCIIOBJIMBAET OTCYTCTBUE BSDKYIMX CBOMCTB. DNEKTPOHHO-MUKPOCKOIIMYECKHUI aHaAJIN3 30J1bI TT0Ka3aJl, 4TO penbed
MOBEPXHOCTH YaCTHI] MMEET BBICOKYIO CTEHEHb IIEPOXOBATOCTH U TOPbI PA3IMUHON reoMeTpuieckoi (opMbl pas-
MepoM mpuMepHO 10 500 HM, 9TO COOTBETCTBYET MakporopaM ¢ pazMepamu >50 um. Kpome Toro, mocie 3nexrpo-
MarHuTHON 00paboTKu 3011a mpuodpeTaeT Oojiee pPa3BUTYIO NMOBEPXHOCTHYIO M MOPHCTYIO CTPYKTypy. Pesyisrarst
PEHTIeHOBCKOW TU(paKIMU MOKa3aJIM, YTO OOIIMM JJIsl BCEX HUCCIEAYEMbIX 00pa3LOB 30JIbl SBJISAETCS HAJHYHE JBYX
KPHCTAIUINYECKUX (Da3 OCHOBHBIX 30J000pa3yIolInX eMEeHTOB — o-kBapll 1 MysutHT (3A1,05-2Si0,). YcraHoBIEHO,
4TO B pPe3yJbTare EKTPOpa3psAHON 00pabOTKU 30J1bI YAAISIOTCS KAOJWHHUT M aHTUAPHUT U JIOTIOJHUTEIBHO 00pa-
3yIOTCsl MUHEpaJibHbIe (Da3bl ¢ cofepkanueM peakux meramioB Ga, Ge, Li, uTo, o-BuanMoMY, 00yCIOBIEHO OJHO-
BPEMEHHBIM BIIMSIHUEM M CIIOXKHBIM MEXaHHU3MOM BCEX JIEHCTBYIOIIMX (aKTOPOB 3JIEKTPOTUAPABINYECKOro 3 dexra,
MPUBOASAIIMX K paspbiBy COPOLHOHHBIX M MEpUPEPHUSCKUX XUMHYECKHX CBS3EH M K 0Opa30BaHUIO HOBBIX COCIH-
HeHHUH. Pe3ynbTars aHaM3a HACHITHOM IJIOTHOCTH M aJCOPOIIMOHHON aKTHBHOCTH 110 METHIJIOPAHKY 00pa3IOB 3016
YIS TOKa3aldW, 9TO 3HAYEHHUS NAaHHBIX MapaMeTPOB IIOCIE 3IEKTPOMATHUTHOW M AIEKTPOpa3psmHOi 00paboTok
3aMeTHO OOJIBIIE 1O CPABHEHHIO C MCXOXHOW 30JI0H, YTO COBIAJAeT C JAHHBIMH, ITOMYYCHBIMH METOIOM DJIEKTPOH-
HOW MHKDPOCKOIIMH, TI€ JIEKTPOMArHuTHas 00paboTKa MPHUBOMUT K 0OJiee pa3BUTON MMOBEPXHOCTHON M IOPUCTOM
CTpyKType. Pe3ynbrarsl u3MepeHuid yIeabHO# oAy MoBepXHOCTH U YACIbHOrO 00beMa 1op (1o MpeienbHOMY
3aMOJTHEHNIO) HCCIEAYyEeMBIX 00pa3IoB 307BI YIS IOKAa3add, YTO 30Jla YIS MPEACTaBIsIeT COOOH IOPUCTHIN
Marepuai. DJeKTpOMarHuTHas oOpaboTka 00pa3loB 30Jbl CIIOCOOCTBYET 3aMETHOMY YBEIMYCHHUIO YICIbHOH IO-
BepxHOCcTH (B 1,6 pa3) m ymempHOTO 0oOBeMa mop (B 1,5 pasa). Bmecte ¢ Tem, mampHeWmiass >JeKTpopaspsIHast
00paboTka 30l (ITOCHE AMEKTPOMAarHUTHONW 00pabOTKM) MOYTH HE MPHUBOOUT K 3aMETHOMY M3MEHEHHIO 3HAYCHUH
yaensHOro o0beMa Mop W yAETbHOI MOBEPXHOCTH. AHAIN3 0OBEMHOTO paclpeesieHHs] YacTHIl 10 pa3MepaM IpH
pa3nuyHbIX 3Ha4eHUAX o0beMHON moTHOCTH Dv(10), Dy(50), Dy(90) (cootBerctBeHHO 10%, 50%, 90% wacTum ot
MX OOLIEero KOJMYECTBa) MOKa3as, YTO MOciie 00pabOTKH ANEKTPUUECKUM Pa3psoM MPOUCXOIUT HE3HAYMTENILHOE
yMeHbleHue pazmepoB yactuil (B 1,1-1,3 pasa) 3ombl 11 Bcex 00beMHBIX pacripezieieHuii. Bmecte ¢ Tem, anekrpo-
MarHutHas o0paboTKa 30Jbl YISl TPUBOAUT K OOJiee CYIIECTBEHHOMY YMEHBIICHHIO Pa3MEpOB YaCTHIl 30JIbl 10
CPaBHEHHIO C IEKTPOPA3PAIHON 00pabOTKO#, 0COOCHHO I cpeaHero pacnpeneneaus Dvy(50), Tae pasMep dacTuil
ymenbmiaercs B 18,2 pa3a (ot 129 mo 7 mxm). Takum 0Opa3oM, HCCIEOBAaHHIE BIMSHUS HICKTPOPHU3MIECKOTO BO3-
JISMCTBHS Ha 30JIy YU [10Ka3ajo, YTO Ha M3MENIBYEHHE YacTHll 30J1bl U aJCOpOLHOHHbIE CBOWCTBA () (deKTHBHEE
OKa3BbIBaeT AIEKTPOMArHUTHas oO6paboTka. Bmecte ¢ Tem, anmekTpopaspsgHoe BO3ACHCTBHE MPEUMYIIIECTBEHHO OKa-
3BIBACT BO3ICHCTBHEC Ha MHHEPAIOTHYECCKHMI COCTAaB ChIPhS. VCIoap30BaHNE IICKTPOPHU3IMUSCKON 00paOOTKH 30JIbI
YIS TIPEICTABISCT ONpPEACTCHHBI HAYyYHBIM M MPaKTHYECKUI MHTEpEC, TaK KaK MO3BOJIIET OCYIIECTBUTH KadecT-
BEHHYIO TOJI'OTOBKY 30JIbI [UIsl €€ JajbHeiiiel nepepaboTKu ¢ 11eJ1bio 0ojiee MOJHOTO M3BJICYCHUS LIEHHBIX MPOLYK-
TOB (KpeMHe3eMa, IIMHO3eMa, PEIKO3EMENbHBIX METAJUIOB M JIP.) W/HIH «CMSTYCHUS» TEXHOJOTMYECKUX PEKHMOB
MIPOBEICHUS TaHHOTO IIpoIiecca.

KioueBble ciioBa: yroib, 30ja, 2JEKTPOMAarHuTHas 00paboTKa, 3JeKTpopaspsaHas o0paboTka, XUMUYECKHU
COCTaB, PU3UKO-XUMHUECKHE XapaKTEPUCTHKH.
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