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Abstract. Electrocorundum is a refractory, chemically resistant, superhard material
based on aluminum oxide. Electrocorundum is an artificially synthesized synthetic
corundum obtained by melting bauxite in high-power electric arc furnaces with subsequent
crystallization of the melt. Results. In this work, the main parameters of highly dispersed
electrocorundum of the Rusal F1000 and Technoceramics F1000 were investigated.
The particle sizes were determined, FTIR spectroscopic analyses were carried out, and
the dependences of the {-potential on the pH value of the dispersion medium of the
studied samples were measured. Based on the results of FTIR spectroscopy, it follows
that the positions of the absorption bands at 452,50 — 647,48 cm™! indicate the presence
of stretching vibrations of the Al-O bond and belong to electrocorundum particles. The
results of optical microscopy showed that the size of electrocorundum particles varies
from 2-14 pm. Scientific novelty. Systematic research and comparison of production
parameters of Rusal and Technoceramics allows not only to get an objective idea of
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the quality of the produced material, but also to establish compliance with the declared
characteristics. This is especially important in the conditions of increasing requirements
for functional materials from high-tech industries. Practical value. The results of such
analysis are of practical importance for choosing the optimal raw materials depending
on the specifics of the technological process.

Keywords: Electrocorundum, Rusal, Tekhnokeramika, optical microscopy,
{-potential
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AHHOTanmus. DJISKTPOKOPYHJ aJOMUHHMIA OKCHJIHE HETi3[eri OTKa Te3iMIIi,
XMMUSUIBIK TO3IMJ1, aca KaTTbl MaTepuai. COHBIMEH KaTap, JIEKTPOKOPYHJ OOKCHUTTI
KyaTTbl DJIEKTp JOFalbl MemTepae OanKbIThI, KEHIHHEH KpUCTaljaHy apKbUIBI
OanKpITY apKbUIbl aJbIHFAH JKAaCaHIbl CHHTE3/ICITCH CHHTETHKAJbIK KOpYHI. OTe
JKOFapbl OEPIKTIriHIH apKaChIHAA aK IEKTPOKOPYH a0pa3uBTi Kypasl peTiHje, COHIaii-
aK aOpasuBTI Kypanjapabl OHAIpyle KOJNIAaHbUIaAbl, ajl »KOFapbl TeMIlepaTypara
KOHE TOMEH JKbUIy JKOHE OJEKTP OTKI3TIIITIKKEe Te3IMIiNiriHe OaiaHbICThI
— KepaMHKAJIBIK JKOHE OTKa Te3IMJi OYWbIMIap OHIIPICiHAe KOJIIaHbLIa b,
Hotmxenepi. byn 3eprrey xymbicbinga Rusal F1000 sxone Technoceramics F1000
MapKaJbl KOFapbl TUCIEPCTi MEKTPOKOPYHIBIHBIH HEri3ri mapaMeTrpiepi 3epTTesi.
Sruu, OemmexTepAiH emmemaepi aHbIKTangsl, MK-CHeKTpoCKOMUSsIIBIK Tangaynap
KYprizingi, (-MOTeHUWaNAbIH 3epTTENeTiH YITUIepAiH AMCHEPCHSUIBIK OpPTAChIHBIH
pH wmonine Toyenainiri enmenai. UK ®dypbe cneKTpOCKONMHUACHIHBIH HOTHKENEpiHe
cyiiere oTeIphIm, 452,50 - 647,48 cm! apasbIFbIHIAFEl A0COPOIUSIIBIK, KOTAKTAPIBIH
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no3unusuiapbl Al-O OaillaHBICBIHBIH CO3BLTY TepOeicTepiHiH O0ap eKeHIIriH KepceTei
KOHE OYJI DIIEKTPOKOPYH/ OOJIIeKTepiHe TOH OOMbIN Keyedl. YATUIEPIiH ONTHKAIBIK
MHUKPOCKOIHMSUIBIK HOTHKEJIEP1 AMEKTPOKOPYH OeIeKTepiHin onmeMi 2-1eH 14 MKM-
re JieiiH e3repeTiHiH KepcerTi. FhuibiMu kaHaNbIFbl. Pycan sxoHe TexHOkepamuka
OHIMJIEPIHIH MapaMeTpiiepiH KyHeni TypAe 3epTTey KoHE CalbICTBIPYy OHAIpLIreH
MaTepuaiblH canachl Typaibl OOBEKTHBTI TYCIHIK allyFa FaHa €MeC, COHBIMEH
KaTap MOJIIMAEIIeH CHUIaTTamajapra COMKEeCTIKTI aHbIKTayFa MYMKIHAIK Oepemi. by
ocipece KOFapbl TEXHOJOTHSUIBIK OHAIpicTepaiH (YHKIMOHAIIBIK MaTepHajiapblHa
KOMBUIATBIH TalanTapAblH apTybl jKaFnaiblHaa MaHbI3AbL. [IpakTHKaIbIK KYHIBUIBIK.
MyHpaaii Tangay HOTHOXKENEPiHIH TEXHOJOTHSUIBIK MPOLECTiH epeKUIeTiKTepiHe
0alIaHBICTBI OHTAMIIBI IIMKI3AaTThl TAHAAY YIIIH HPAaKTHKAJIBIK MaHbI3bl 0ap. COHbIMEH
Katap, MYHJail CalbICTBIPMANIbl 3€pTTEYJIep OTaHABIK LIMKi3aT 0a3achlH JaMbITyFa,
UMIIOPTTHIK aHaJOrTapFa TOYEJIUIIKTI a3alTyFa >KOHE OHIIPYIIIEpHiH IMKi >KoHe
CBIPTKBI HAPBIKTAFbl 09CceKere KaOlMeTTIIriH apTThIpyFa bIKIAN eTe/l.

Tyiiin ce3mep: anekTpoKopyH[, rusal, TeXHOKepaMHUKa, ONTHKAIBIK MUKPOCKOIIHS,
{-nmoTeHIman
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AHHOTanus. DNEKTPOKOPYH]T TYTOIUIABKUI, XUMHUYECKH CTOMKUH, CBEPXTBEPABII
MaTepual Ha OCHOBE OKCHJA aJTIOMHHHA. ODJIEKTPOKOPYHA MCKYCCTBEHHO CHHTE-
3UPOBAHHBIA CHHTETUYECKUH KOPYHI, MONTyYaeMblil TIaBKOH OOKCHTa B MOIIHBIX
JYTOBBIX 3JIEKTpOIleYax € MOCIEAYIOLIEH KpUCTAUIM3alued paciuiaBa. brarogaps
CBEPXBBICOKOH MPOYHOCTHU OEJIBIH IEKTPOKOPYH/I UCTIONB3YETCs B KauecTBe abpa3uBa,
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MIPUMEHSICTCS JJIsl IPOU3BOJICTBA a0pa3HBHBIX NHCTPYMEHTOB, a 33 CUET YCTOWYMBOCTH
K BBICOKMM TEMIIepaTypaM 1 HU3KOU TEIUIO- U 3JEKTPOIPOBOIHOCTH — B IPOU3BOJCTBE
KepaMHueCKOW 1 OTHEYOPHOU npoaykiuu. Pe3ynberarel. B nanHol paboTe uccieoBaHbl
OCHOBHBIC TIApAMETPhl BBICOKOAMCIIEPCHOTO AJIEKTpOoKopyHna mapok Pycamn F1000
n Texnoxepamuka F1000. Takxke, ompenenensl pasmepsl yactul], nmposeaeHsl MK-
CIIEKTPOCKOTIMYECKUE aHATU3bI, U3MEPEHbI 3aBUCUMOCTH (-TIOTEHIMAaIa OT 3HAYCHUS
pH mucniepcuonHol cpenbl ucciieayembix o0pasios. Ha ocHoBanuu pesynsraroB UK-
Ddypbe CIEKTPOCKOITUH CICIYET, YTO MONIOKEHHUS MOJI0C moroineHus B 452,50 cm! mo
647,48 cM! yKa3pIBAIOT HA HAIMYKE BATCHTHBIX KoaeOanuii cBsa3u Al-O u mpuHaaiexar
YacTUIIaM DJIEKTPOKOpyHIa. Pe3ynbraThl ONTHYECKOW MUKPOCKONMH IOKA3aJld, 4TO
pasMep dYacTHll JIEKTPOKOpyHAa Bapbupyercs oT 2 a0 14 mxm. Ilo pesymbratam
AEKTPO(POPETHIESCKOTO PACCESIHHSI CBETA JIJIS CYCTIICH3UH AIEKTPOKOPYH/IA C PA3IHYHBIMU
3HaueHusIMU pH aucnepcuoHHOM cpenbl YCTAaHOBICHO, YTO YaCTHIIBI DJICKTPOKOPYHIA
HUMEIOT MOJIOKUTEIBHBIN 3HAK 3apsina npu pH oT 1 1o 6, u oTpuLaTeNbHBIN 3HAK MIPU
pH > 6. Hayunas HoBu3Ha. CuCTeMaTHYECKOE UCCICIOBAHUE U CPAaBHEHUE TapaMeTPOB
npoaykuuu Pycan m TexHOKepaMHUKHU MMO3BOJISET HE TOJILKO MOIYYUTh OOBEKTHBHOE
MPEACTABICHUE O KAYECTBE BIMMYCKAEMOI0 Marepuaia, HO U yCTAaHOBUTh COOTBETCTBUE
3asIBICHHBIM XapaKTEPUCTUKaM. OJTO OCOOCHHO Ba)KHO B YCJIOBUSIX TIOBBIIICHUS
TpeOoBaHMil K (D)YHKIIMOHAJIBHBIM MaTepuajaM CO CTOPOHBI BBICOKOTEXHOJOTHYHBIX
oTpacieil mpoMbIluieHHOCTH. [IpakTudeckas 1eHHOCTh. Pe3ynbTarhl Takoro anammsa
HMMEIOT MPAaKTUYECKYI0 3HAYMMOCTh JJIsl BEIOOpa ONTUMAIBHOTO CHIPhSI B 3aBUCUMOCTH
OT cHenu(pHUKH TEXHOIOTUIESCKOTO MPOoIecca.

KuioueBble cj10Ba: AJIEKTPOKOPYHI, pycall, TEXHOKEpAMUKA, ONTHYECKAasT MUKPOC-
Korust, (-IOTEHITHAI

Introduction. Electrocorundum is a refractory and chemically resistant superhard
material based on aluminum oxide (Al,0,). There are various modifications of aluminum
oxide, but only corundum a-Al,O, has thermodynamic stability. Corundum is a white
refractory powder with a density of 4 g/cm?, close to diamond in hardness. Chemically
inert, it dissolves only in molten alkali (Angelescu, et al., 2010). The high stability
of corundum is explained by the strength of its crystal structure, which is a two-layer
dense spherical packing of oxygen ions, in the octahedral voids of which aluminum
ions are located (Permikina, et al., 1986). The AI-O distance is almost the same
throughout the crystal and is approximately 0,185 nm. Since the alpha modification
of aluminum oxide is the only one present in nature, corundum can be obtained from
natural rubies, bauxites, sapphires, etc. Corundum is obtained synthetically by thermal
decomposition of aluminum hydroxide or alum (NH,)AI(SO,), at 1000-1200°C, or by
thermal transformation of other forms into .

Electrocorundum is an artificially synthesized synthetic corundum (88-99% Al 0,).
It obtained by melting bauxite in electric furnaces with a reducing agent (anthracite,
petroleum coke) and a precipitating agent (iron filings) (Teresa, et al., 2017). It used as
an abrasive, refractory material for the manufacture of casting molds and rods, structural
elements of radio tubes, abrasive wheels, etc. The study of the properties of highly
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dispersed electrocorundum plays an important role in understanding its performance
characteristics and selecting optimal conditions for its use. Particle size, morphology,
phase composition and mechanical properties have a significant impact on the final
properties of the material and its functionality in various technological processes
(Drygalska, et al., 2012).

Features and advantages of this material: high resistance to chemical, temperature
and climatic influences; preservation of crystal structure when heated during operation;
the running size of crystals is 0,6-0,8 mm; homogeneity in mineralogical and chemical
composition; minimal inclusion of foreign impurities (no more than 1%) (Ogrodnik, et
al., 2010).

The classic color of electrocorundum is white. White electrocorundum is used
for grinding cooled, high-carbon and high-speed steel. It is also widely used in the
manufacture of ceramic and refractory parts. It can be used on catalyst carriers and
special grinding machines (Mikhailov, et al., 2019).

Determination of the main physicochemical characteristics of highly dispersed
electrocorundum produced by Rusal and Technoceramics is a relevant area of applied
materials science research. Electrocorundum is widely used in the production of
refractory, abrasive, ceramic and composite materials, where stability of properties,
homogeneity of structure and high purity of phase composition are critical (Krasnyi, et
al., 2009). At the same time, even minor differences in the parameters of the initial raw
materials can significantly affect the quality of the final product. Despite the general
classification according to state standards and technical conditions, brands of different
manufacturers can vary in a number of indicators: average particle size, granule
morphology (Krasnyi, et al., 2009), degree of agglomeration, specific surface area,
composition and level of impurities (Komolikov, et al., 2018).

Therefore, a systematic study and comparison of the parameters of Rusal and
Technoceramics products allows not only to obtain an objective idea of the quality
of the manufactured material, but also to establish compliance with the declared
characteristics (Gasik, et al., 2020). This is especially important in the context of
increasing requirements for functional materials from high-tech industries. The results
of such analysis are of practical importance for selecting the optimal raw material
depending on the specifics of the technological process. For example, the production of
technical ceramics requires materials with high phase purity and a narrow particle size
distribution, while in the abrasive industry; preference may be given to more durable and
heat-resistant fractions (Anisimov, et al., 2022). In addition, such comparative studies
contribute to the development of the domestic raw material base, reducing dependence
on imported analogues and increasing the competitiveness of manufacturers in the
domestic and foreign markets.Rusal F1000 is one of the world's largest manufacturers of
white electrocorundum. It is produced by melting pure alumina in electric arc furnaces.
Due to its ultra-high strength, white electrocorundum is used as an abrasive, applied
in the production of abrasive tools, and due to its resistance to high temperatures and
low thermal and electrical conductivity — in the production of ceramic and refractory
products (Tsyv'yan, 2003).
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The purpose of this study is to determine the main parameters of various brands of
highly dispersed electrocorundum of the Rusal F1000 brand, electrocorundum of the
Technoceramics F1000 brand.

Materials and methods. Materials: During the work, the following substances
were used as initial reagents: electrocorundum Rusal F1000 and electrocorundum
Technoceramics F1000, artificially synthesized synthetic corundum (88-99% ALO,).
Rusal F1000 is one of the world's largest producers of white electrocorundum. It is
produced by melting pure alumina in electric arc furnaces at the Boksitogorsk Alumina
Plant.Technoceramics F1000 is a Russian research and production company. Since
2010, we have been actively engaged in the development and production of high-tech
and science-intensive refractory and abrasive materials made of white electrocorundum
25A, mullite, as well as zirconium dioxide and other materials.Methods: FTIR analysis
was carried out to identify and study the structure. FTIR absorption spectra were
recorded at room temperature in the frequency range 4000400 cm-1 (mid-IR region)
on a Thermo Fisher Scientific Inc (USA) Fourier-transform IR spectrometer using the
KBr method (transmission).

The electrophoretic light scattering method was used to measure the C-potential.
The C-potential of the samples was determined using a Photocor Compact-Z device
(Photocor LLC, Russia). This method is based on the dynamic light scattering method
in the configuration of a laser Doppler anemometer, which is used to measure the
velocities of liquid and gas flows. The contact liquid for electrophoresis was prepared
using distilled water and nitric acid. The velocity of the particles in the field, calculated
from the phase function, allows one to determine the electrophoretic mobility of the

particles.
'LJ
He= E
Where, v is the velocity of charged particles in an electric field with strength E.
The electrophoretic mobility of particles is recalculated using the Helmholtz-
Smoluchowski equation and applying corrections for different thicknesses of the double

electric layer.
_2e8
.IuE - 3;"} 1

Where,  is the zeta potential, mV; pE is the electrophoretic mobility, m?/(V-s); € is
the permittivity, F/m; n is the viscosity, Pa-s.

The particle sizes were determined using optical microscopy. An optical microscope
designed for laboratory research is used for the analysis, and a micrometer grid is
inserted into the eyepiece.

Results and discussion. FTIR analysis.

The infrared spectroscopy method makes it possible to obtain information about the
relative positions of molecules over very short periods of time, as well as to evaluate the
nature of the bonds between them, which is fundamentally important when studying the
structural and informational properties of various substances. Absorption bands appear
as a result of transitions between vibrational levels of the ground electronic state of
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the system being studied. The spectral characteristics (positions of band maxima, their
half-width, intensity) of an individual molecule depend on the masses of its constituent
atoms, the geometry of the structure, the features of interatomic forces, the charge
distribution, etc., therefore infrared spectra are distinguished by great individuality,
which determines their value in identifying and studying the structure of compounds.

For alumina materials, infrared absorption spectra were obtained, which are presented
in Figures 1 and 2.

As can be seen, several absorption bands are observed in the FTIR spectra in the
range of 400 — 650 cm™. The results of the FTIR spectrum identification of the Rusal
F1000 sample showed absorption spectra at frequencies of 452,50 cm™, 605,88 cm™! and
647,48 cm’!, which are related to the stretching vibrations of the Al-O bond. Also, peaks
at 453,17 cm, 601,53 cm! and 640,57 cm!, which are characteristic of the stretching
vibrations of the Al-O bond, were also revealed in the spectra of the Technoceramics
F1000 sample. Based on the FTIR spectroscopy results, it follows that the positions of
the absorption bands indicate the presence of stretching vibrations of the Al-O bond and
belong to the particles of electrocorundum (Wei, et al., 2020).

4000 3500 3000 2500 2000 1500 1000 500

Figure 1 - FTIR spectrum of the Rusal F1000 electrocorundum sample
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Figure 2 - FTIR spectrum of the Technoceramics F1000 electrocorundum sample
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Electrosurface properties of electrocorundum samples.

The electrophoretic light scattering method was used to measure the zeta potential.
The C-potential value allows us to judge the potential stability of the system. Figure 8
shows the dependences of the {-potential on the pH values of the medium for all the
studied samples.

For each sample, the sign of the {-potential value was found at a certain pH of the
dispersion medium, and the pH values at which the minimum and maximum pH values
would be observed were determined.

For the electrocorundum sample - Rusal F1000, it was found that in the range from
pH =1 to pH = 6, the AL,O, particles are positively charged, and in the range from
pH = 6 to pH = 10, the Al O, particles are negatively charged. The isoelectric point of
the sample is observed at pH = 6. The minimum value of the {-potential is 10 mV, the
maximum value of the {-potential is 35 mV at pH = 2.

For the electrocorundum sample - Tekhnokeramika F1000, it was found that in the
range from pH = 1 to pH = 7, the Al,O, particles are positively charged, and in the range
from pH =7 to pH = 10, the Al,O, particles are negatively charged. The isoelectric point
of this sample is observed at pH = 7. The minimum value of {-potential is 0 mV, the
maximum value of {-potential is 10 mV at pH=5.

« Rusal F1000
« Technoceramics F1000

(Y]
°
°

Figure 3 - Dependence of the {-potential on the pH value of the dispersion medium for the studied
samples

Determination of particle sizes by optical microscopy

An optical microscope designed for laboratory research is used for the analysis, into
the eyepiece of which a micrometer grid is inserted. The scale of the micrometer grid
divides the field of view of the microscope into 100 squares, the side of each of which is
5 grid divisions. The value of a grid division of 24 depends on the magnification of the
eyepiece and objective and is determined using an eyepiece micrometer. A glass slide
with a sample of emulsion or powder is placed under the microscope objective and,
by moving the microscope tube vertically, the best sharpness of the particle image is
achieved. To obtain the best magnification for counting particles, a sample is examined
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with different eyepieces and one is selected so that no more than 30-40 and no less than
15 particles are within the micrometer grid.

A micrograph of the Rusal F1000 electrocorundum sample was obtained using an
optical microscope and is shown in Figure 4.
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Figure 4- Micrograph of a sample of electrocorundum (Rusal F1000)

As can be seen, the dispersed material is represented by irregularly shaped particles,
and particle aggregation is observed [Kryuchkov, 2020]. The results of dispersion
analysis obtained by optical microscopy are presented in Table 1.

Table 1. Results of dispersion analysis

. 1,73- ] 3,03- | 4,33- | 5,63- | 6,93- | 8,23- | 9,53-| 10,83- | 12,13- | 13,43-
7 3,03 | 433 | 5,63 | 6,93 | 823 | 9,53 [10,83| 12,13 | 13,43 | 14,69

T

1, med 2,4 3,7 50 | 63 | 7,6 9,0 10,2 | 11,5 13,4 | 14,06
Number of particles 10 19 8 6 8 7 3 1 1 1
Q % 15,6 | 29,6 | 12,5 | 9,3 | 12,5 | 104 | 4,6 3,1 1,5 1,5

Based on the obtained results, a histogram of the distribution of sample particles by
size was constructed (Zhu, et al., 2001). The presented histogram shows 1 predominant
size — 3,7 um. The particle sizes vary from 2,4 to 14 pm.
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Figure 5 - Histogram of distribution of electrocorundum (Rusal F1000) by sizes

Also, a micrograph of an electrocorundum sample (Technoceramics F1000 brand)
was obtained using a microscope, shown in Figure 6.

In this micrograph obtained by the optical method, it can also be seen that the material
is represented by particles of different shapes, and aggregation of particles is observed

(Kryuchkov, 2020).
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Figure 6 - Micrographs of a sample of electrocorundum (Technoceramics F1000)

The results of the dispersion analysis obtained by optical microscopy are presented
in Table 2

Table 2. Results of dispersion analysis

o L16- | 242- | 3,68- [ 494 | | 746- |872-| 9,98 | 11,24~ | 125-
SR 242 | 3,68 | 494 | 62 |70 872 1998 | 1124 | 12,5 | 13,8
r, med 18 | 305 | 43 | 56 | 68 800 | 93 | 10,6 | 12,0 | 13,1
Number of 4 28 | 21 6 4 6 1 1 1 1
particles
Q. 548 | 384 | 288 | 82 | 548 82 | 137 | 137 | 137 | 1,37
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Based on the obtained results, a histogram of the distribution of material particles by
size was constructed (Figure 7). The presented histogram shows one predominant size
— 3,8 um. The particle sizes vary from 1,2 to 14,0 um.

45
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8,4 28,8 8,2

Content, %

w

5,48 3 548 82 137 137 137 137

Particle size, um

Conclusion. In the context of increasing requirements for technical materials,
control and precise characterization of the physical and chemical parameters of
electrocorundum, especially in its dispersed state, is of particular importance. In this
work, the main parameters of electrocorundum of different grades (Rusal F1000,
Technoceramics F1000) were determined. The results of optical microscopy showed that
the size of electrocorundum particles varies from 2 to 14 um. According to the results
of electrophoretic light scattering for electrocorundum suspensions with different pH
values of the dispersion medium, it was determined that the electrocorundum particles
have a positive charge sign at pH from 1 to 6, and a negative sign at pH> 6.
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