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EKCIIEPUMEHTAJIBHI JOCJIIKEHHSA OJEP KAHHSA @ YHKINIOHAJIBHO
OPIEHTOBAHUX INOPOUIKIB CHUHTETHUYHOI'O AJIMA3Y

ExcnepumenmansHumu 00CniONceHHAMU HOPOWKY cunmemuunozo anmasy mapku AC20 3zepuucmocmi 100/80
NOKA3aHO, W0 6NIUE CROCOOIE MOOUDIKYBAHHA GUXIOHO20 NOPOWKY (MOOUDIKYBAHHA BUCOKOBOILIMHUMU €/1eKMPUUHUMU
Po3padamu abo piouHopasnum OKUCIEHHAM) 6i000pa)*cacmuca Ha 3MIHI AOCOPOUIIIHO-CMPYKMYPHUX MA MOPPHOMEMPUYHUX
Xapaxkmepucmuk nOPOuLKie: 30Kpema numomor niouii no8epPxXHi; RUMoOM0o20 00'emy nop; cepeonvozo paoiycy nop; CymapHozo
06'emy nop, po3noodiny 06'emy nop 3a ix pozmipam.. Ilokaznux numomoi niouyi nogepxui 6UXiOHUX 3PA3KI6 MA€ MeEeHOEHUII0 00
3HUMCEHHA nica MOOuiKysannsa nopouikie. /locnioxceni 3pasku maioms po3euHeHy Me30NOPUCHY CIPYKMYPY HOBEPXHI.
Jocniosceni cnocoou mooudiKysanus ne eUAGIAIOMb CYMMEEO20 6NUEY HA MOPPHoOMemPUUHI XAPAKMEPUCIMUKU NOPOULIKIEB.
Ilopienanvnuii ananiz pesynrvmamis 3a Koegivicnmamu AiHilHOT anpoKcumayii Kpugux po3anooity nop 3a po3mipom 0ae 3mozy
ompumamu Ha KinbKicnomy pieni nokasnuk (a2/al) 3minu cmamny noeepxni NOpOWIKie, WO ModyCe CIYZyeamu
XapaxkmepucmuKko AKOCHi no8epxXHi NOPOWKy npu eugueHHi degheKmHocmi no6epxXHi 3epen CUHMEMUYHO20 anmazy ma iV
6NIUGY HA eKCHIYAMAUINHI XapaKmepucmuKku aimaznozo incmpymeumy. Ompumani pesyiomamu 0arwomsy niorpynms ons
n00anbUL020 PO3POONEHHA DaA3U OAHUX YOPMYBAHHA ONMUMAILHUX HOKA3HUKIE A0COPOUITIHO-CMPYKIMYPHUX XaAPAKM EPUCIUK
ROPOWIKI6 CUHIMEMUUHO20 AIMA3Y WUPOKO20 ()YHKUIOHATIbHO20 RPUZHAYEHHA.

Knrouosi cnosa: nopowiox CUHMEMUYHOZO aiMa3y, AOCOPOYIUHO-CMPYKMYPHI XAPAKMEPUCUKYU, MOPDOMEMPULHI
Xapakmepucmuxu
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EXPERIMENTAL STUDIES ON THE PREPARATION OF FUNCTIONALLY ORIENTED
SYNTHETIC DIAMOND POWDER

Experimental studies of synthetic diamond powder of the AC20 grade with a grain size of 100/80 have shown that the
influence of the methods of modifying the original powder (modification by high-voltage electric discharges or liquid-phase
oxidation) is reflected in the change in the adsorption-structural and morphometric characteristics of the powders: in particular,
the specific surface area; specific pore volume; average pore radius; total pore volume, and the distribution of pore volume by
their sizes. The specific surface area of the original samples tends to decrease after the modification of the powders. The studied
samples have a developed mesoporous surface structure. The studied modification methods do not show a significant effect on
the morphometric characteristics of the powders. Comparative analysis of the results by the coefficients of linear approximation
of the pore size distribution curves allows us to obtain at the quantitative level the indicator (ax/a1) of the change in the state of
the powder surface, which can serve as a characteristic of the quality of the powder surface when studying the defectivity of the
surface of synthetic diamond grains and its influence on the operational characteristics of the diamond tool. The results obtained
provide a basis for further development of a database for the formation of optimal indicators of the adsorption-structural
characteristics of synthetic diamond powders of wide functional purpose.
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Functional synthetic diamond powders are used in various industries. The properties of the powder
are formed in the process of synthesis, extraction, sorting and modification, which determines the formation
of powder properties, including the characteristics of the surface of its grains. The effectiveness of the use
of powders largely depends on the adsorption-structural characteristics of the surface [1]. In well-known
publications, the influence of methods for modifying synthetic diamond powders on changing their physico-
mechanical and physico-chemical properties of diamond powder, morphology and chemical composition of
the surface, adsorption-structural characteristics of the powder [1-4] has been studied.

The creation of new methods for modifying diamond powders is relevant and has important applied
value. For the effective manufacture and operation of abrasive tools, it is necessary to study the state of the
surface of diamond powder according to adsorption-structural characteristics: specific surface area, pore
distribution (micro- and mesopores) by size and pore volume [1].

Another important aspect for the effective manufacture and operation of abrasive tools is also the
study of the morphometric characteristics of modified powders.
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The purpose of this study. The purpose of this study is to study at a quantitative level the influence
of methods of modifying the original powder on the change in adsorption-structural and morphometric
characteristics.

Methodology. Samples of diamond powder of the AC20 grade with a grain size of 100/80, synthesized
in the Ni-Mn-C system, were studied. Two methods were used to modify the powder: a method of chemical
modification using liquid-phase oxidation and a method of pulsed processing by high-voltage electric
discharges in an aqueous medium (HVED). HVED modification was carried out on an experimental stand
in distilled water with a pressure of 800 MPa and a total processing energy of 1000 kJ in the discharge
channel.

Adsorption-structural characteristics were determined using a NOVA 2200 gas adsorption analyzer
(Quantachrome, USA). The isotherm was determined by the method of low-temperature nitrogen
adsorption-desorption (77 K) at p/ps = 0.99, which was used to determine the specific area (Sger. (m%/g) in
the region of the monolayer of nitrogen surface coverage; The specific pore volume Vp (cm?/g), average
pore radius Rp (nm), adsorption energy (J/m?), volume and radius of mesopores; total pore and mesopore
volumes, and size distribution of pores and mesopores were determined by the DFT method.

The free energy of saturation of the powder surface with water vapor, which characterizes the degree
of hydrophilicity (mJ/gemol, ACs) was determined by the method developed at the V.M. Bakul Institute of
Materials Science and Engineering of the National Academy of Sciences of Ukraine.

The surface topography was determined using scanning microscopy methods; morphometric
characteristics (compactness (form factor, Cr) and roughness (Rg) of grain projection; the number of cutting
edges (n, pcs.) and the average value of their sharpening angles (9, degrees) were determined by indirect
analytical method - using the Dialnspect.OSM device from Vollstaedt Diamant GmbH to obtain the
necessary initial data.

A comparative analysis was carried out based on the results of linear approximation of the pore size
distribution curves. The results of the study are presented in Tables 1-4

Table 1
Adsorption and structural characteristics of the initial AC20 diamond powder with a grain
size of 100/80 and powder samples after modification

Sanding powder brand AC20, grain size 100/80
Methods of powder modification
Characteristic name Diamond Chemical Application of

powder (DSTU | modification HVED

3292-95) modification
Specific surface area, Sper., m 2/g 0,5422 0,2542 0,4151
Adsorption energy, kJ/mol 7,544 8,446 0,6499
Specific pore volume, V- 107, cm’/g 1,234 0,8682 3,131
Average pore radius, nm 4,551 6,831 8,288
energy of saturation of the powder surface with
water vapor (hydrophilicity) mJ/gemol, ACs 264.9 187.1 19,3

According to the results of the experimental study using the HVED method, it was found that,
compared with the indicators of the original powder, chemical modification using liquid-phase oxidation
leads to a decrease in the specific surface area by 53%; the free energy of saturation of the powder surface
with water vapor by 29.2%; the specific pore volume by 23.9%; to an increase in the adsorption energy by
11.9% and the average pore radius by 50.1%.

The use of the HVED modification method leads to a decrease in the specific surface area by 23.4%;
the specific pore volume by 47.3%; the average pore radius by 31.1%; to an increase in the adsorption
energy by 9.9%; to a decrease in the free energy of saturation of the powder surface with water vapor by
55.0%.

According to the results of the experimental study using the BET method, it was found that, compared
with the indicators of the original powder, chemical modification using liquid-phase oxidation leads to a
decrease in the specific surface area by 53%; the free energy of saturation of the powder surface with water
vapor by 29.2%; The morphometric characteristics of the original AC20 diamond powder with a grain size
of 100/80 and the powder samples after modification do not differ significantly. HVED modification leads
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to an increase in the number of cutting edges and the average value of the sharpening angles of the cutting
edges.

Table 2

Morphometric characteristics of the initial AC20 diamond powder with a grain size of 100/80
and powder samples after modification

Sanding powder brand AC20, grain size 100/80
Methods of powder modification
Characteristic name Diamond | Chemical Application of
powder modification HVED
(DSTU modification
3292-95)
Compactness (form | Average value 1,304 1,3042 1,305
factor), Cr Uniformity 0,7107 0,6979 0,6985
Grain projection | Average value 1,0602 1,06001 1,06503
roughness, Rg Uniformity 0,7402 0,7429 0,7435
Number of cutting edge sharpenings, n 10 10 11
Average value of cutting edge sharpening angles, ¢ 106,37 106,32 107,32

According to the classification officially adopted by the International Union of Pure and Applied
Chemistry (IUPAC), pores with sizes (diameters) less than 2 nm are micropores, 2-50 nm are mesopores,
and more than 50 nm are macropores.
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Fig. I Pore size distribution, determined by pore volume using the DFT method, of synthetic
diamond grinding powder of the AC20 brand with a grain size of 100/80: initial powder (1), powder
after chemical modification (2) and modification by HVED treatment (3)

According to the results of the experimental study using the BET method, it was found that, compared
with the indicators of the original powder, chemical modification using liquid-phase oxidation leads to a
decrease in the specific surface area by 53%; the free energy of saturation of the powder surface with water
vapor by 29.2%; Fig. 1 shows the distribution of the pore radius (the calculated values of the pore radius,
nm) by the value of the total pore volume. As can be seen from Fig. 1, all the studied samples have a
developed mesoporous surface structure. The indicators of the pore distribution by size of the original
powder Fig. 1 (curve 1), after chemical modification (curve 2) and after VER modification differ.

Table 3 presents the adsorption-structural characteristics (average pore radius, total pore volume and
mesopore volume, total pore volume radius interval and mesopore volume radius interval) of synthetic
diamond grinding powder samples, initial and after modification.

The range of pore size distribution in all three samples of grinding powders, the original and those
obtained after modification, is almost the same and is (0.3-17.2) nm.

The average pore radius of the grinding powder of the AC20 100/80 brand after chemical
modification increases to 1.55 nm from 1.42 nm (original sample). At the same time, the total pore volume
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decreases to 0.57+10° cm?/g relative to the value of the pore volume of the original sample of 0.90107
cm’/g.
Table 3

Adsorption and structural characteristics of samples of ground and micropowders of
synthetic diamond, initial and after modification

Pore volume, pore size range (DFT method)
Diamond Average pore
powder |Modification|Sample| radius | | Mesopore
(DSTU method No (DFT Total pore ; Tota pore | ime V Mesopore
3292-95) method), nm volume, V+10~,| volume radius 107 radius
cm’/ g interval, nm 3, | range, nm
cm’/g
IAC20 Diamond
%88‘2;%20 I(’BVS"%% 1 1,42 0,90 0,3-17,2 0,88 | 1,0-17,2
3292-95)
Chemical
odification 2 1,55 0,57 0,3-17,2 0,54 1,0-17,2
i?)/(];:i]f?cation 3 1,42 0,55 0,3-17,2 0,54 1,0-17,2

The average pore radius of the grinding powder of the AC20 100/80 brand after VER modification
is 1.42 nm and is identical to the average pore radius of the original sample. At the same time, the total pore
volume decreases to 0.55¢10° cm®/g relative to the value of the pore volume in the original sample of
0.90+10° cm’/g.

For comparative analysis at the quantitative level of indicators of changes in the state of the surface
of the powders after modification, a linear approximation (y=ax+b) of the pore and mesopore size
distribution curves was performed, and the coefficients (a, b) were established with the reliability of the
approximation R? (Table 4). The ratio of the coefficients a»/a; (where a; is the coefficient of the equation of
the pore distribution curves by the total pore volume, a, is the coefficient of the equation of the pore
distribution curves by the total mesopore volume) allows us to establish the proportion of the mesopore
volume in the total pore volume.

Table 4
Results of linear approximation of pore size distribution curves
Linear approximation of pore size distribution curves (y=ax+b) Th? .
- - Tt
Coefficients of the Coefficients of the prr(;ll')e(;()ll)(())rrleo
equation of pore equation of pore volume in the
Sample |distribution curves Accuracy of | distribution curves by total pore
Ne by total pore |, imati total vesopore pore Accuracy of P
pproximation, o | volume
volume R2 volume approximation, R >
(az/al)’
a-10% | b;-10° a,:10” b210° %
1 0,0561 | 0,0932 0,84 0,0406 0,2829 0,87 72,37
0,0367 | 0,0270 0,89 0,0306 0,1019 0,86 83,38
3 0,0363 | 0,027 0,89 0,0223 0,2261 0,78 61,43

As follows from the results, the studied samples have a developed mesoporous surface structure, as
evidenced by the proportion of the mesopore volume in the total pore volume of the original powders equal
to 72—-83%. After chemical modification, the proportion of the mesopore volume increases by 11%, after
HER modification, the proportion of the mesopore volume decreases by 11%.
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Conclusions

The results of the study established:

—the study of the influence of the methods of modifying the initial powder, in particular by chemical
and VER methods, on the change in the adsorption-structural and morphometric characteristics showed that
the value of the specific surface area of the initial samples tends to decrease after the modification of the
powders;

— the studied samples have a developed mesoporous surface structure. The use of modification by
the methods of liquid-phase oxidation and pulsed treatment with high-voltage electric discharges in an
aqueous environment of the initial synthetic diamond grinding powder allows changing the values of the
adsorption-structural characteristics of the powders: in particular, the specific surface area; specific pore
volume; average pore radius; total pore volume; distribution of the pore volume by their sizes;

— the studied modification methods do not show a significant effect on the morphometric
characteristics of the powders;

— comparative analysis of the results by the coefficients of linear approximation of the pore size
distribution curves allows us to obtain at the quantitative level the indicator (a2/al) of the change in the
state of the powder surface, which can serve as a characteristic of the quality of the powder surface when
studying the surface defects of synthetic diamond grains and its influence on the operational characteristics
of a diamond tool;

— the obtained results provide a basis for further development of a database for the formation of
optimal indicators of adsorption-structural characteristics of synthetic diamond powders of wide functional
purpose.

The study was carried out on the topic I1I-4-25 (0789) “Study of the surface defects of synthetic
diamond grains of a wide range of strength (AC6-AC160) and its influence on the operational characteristics
of a diamond tool”. State registration number 0125U000040.Registration of the Bureau of the VFTPM of
the NASU dated 10.12.2024, protocol No. 23; under the Memorandum of Cooperation between Lutsk
National Technical University and the V.M. Bakul Institute of Superhard Materials (No. 17 dated
01/30/2024) and under the Memorandum No. 18 dated 06/19/2025 on cooperation between the IIPT of the
NAS of Ukraine and the V.M. Bakul Institute of Superhard Materials of the NAS of Ukraine.

CnMcok BUKOPHCTaHHX JKepet

1. Anemmn B. T'., CmexHoB A. A., borateipesa I'. I1., Kpyk B. b. Xumus nosepxaoctu anmasza. Kues:
Hayk. mymka, 1990. 200 c.

2. Huxutun 0. U., Yman C. M., Kobepauuenxko JI. B., Maptemosa JI. M. [lopomku u mactsl u3
CHHTEeTHYeCKHX anMa3oB. Kues: Hayk. nymka, 1992. 284 c.

3. Pymenxo A.Il., KymakoBa U. H., CksopuoBa B. JI. m np. BnusHue kaTanm3atopoB Ha
B3aMMOJICHICTBHE aIMa30B C Ta30BBIMHM M KHUAKMUMH cpeAdaMu. B3anmmozaelcTBhe aama3oB ¢ ra3oBbIMH U
xuakumu cpenamu. Kues: UCM nM. B.H. baxyns HAH Vkpaunsi, 1984. C. 58-74.

4. Cuzonenko O. H., Oneitnux H. A., Tleraciok I'.A. u np. BnusHue snekrpopaspsaHoil o0paboTku
alIMa3HBIX TOPOIIKOB Ha MW3MEHEHHE HUX (U3MKO-MEXaHWYECKUX XapakTepucTuK. [lopomkoBas
mertammyprus. 2013. Ne 7/8. C. 3-8.

5. ACTY 3292-95. Iopowku anMasHi CHHTETHYHI. 3arajibHi TexHiuHi yMmoBU. YnHHauKi Big 1997-01-01.
Bun. odiu. Kuis: [depxxcrangapt Ykpainu, 1996. 70 c.

6. I'per C., Cunr K. AncopOruusi, ynensHasi IOBEpXHOCTh, OPUCTOCTB. - M.: Mup, 1984. 306 c.

Penensent: ITasno BAPBILIBKUI, crapumii HaykoBuii criBpoGiTHMK [HCTHTYTY HaITBEpIMX
Mmatepianis Im.B.M. bakynst HAH Ykpainu, k.1.H., cT.H0C.

© H.O.Onitinux, I' J[ Inonuyeka, I.A.Ilemacrox, O.M.Cuszonenxo, B./[.Pyov, I A.bazanit, C /],
3abonomnuit, M.M.1{uba

118



