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The current stage of development of progressive technologies for machining machine parts requires the use of
effective diamond tools - straightening rollers, which are equipped with diamond grinding powders. The
performance of such tools largely depends on the quality of diamond powders, therefore, for the manufacture of
straightening tools, natural diamond powders of increased strength and grain size, or high-strength synthetic
diamond powders of grades AC200 — AC400 (according to regulatory documents of Ukraine) are usually used. The
purpose of this work was to study the physical-mechanical and physical-chemical characteristics of high-strength
synthetic diamond grinding powders of grain size 630/500 of grades AC300 — AC200.

For each individual brand, the properties of diamond powders were determined using methods developed at the
Institute of Superhard Materials of the National Academy of Sciences: strength and uniformity in strength, specific
magnetic susceptibility, and hydrophilicity. The appearance of diamond grinding powders of different grain sizes
was studied using an Axioscope 5 optical microscope (Carl Zeiss Microscopy GmbH, Germany).

The study of the structural and sorption properties of the surface of diamond grinding powders was carried out
by the volumetric nitrogen adsorption-desorption method at — 196 °C using a Quantachrome NovaWin automatic
gas adsorption analyzer (Quantachrome, USA) according to the standard procedure.

Spectrometric studies of synthetic diamond powder samples were performed in the mid-IR range
(4000-700 cm™) with a resolution of 2 cm™. A Nicolet 6700 Fourier spectrometer (Thermo Fisher Scientific Inc.,
USA) was used to record the diffuse reflectance infrared (DRIFT) spectra of the samples.

According to the results of adsorption studies, it is shown that synthetic diamond samples are characterized by a
small specific surface area from 0.17 to 0.21 m*/g and a small pore volume (1.88-1.99)x10~* cm’/g. The studied
diamond powders differ in strength by 1.4 times, and the specific magnetic susceptibility of diamond crystals
increases from 3.3 to 4.8x107% m’/kg with a decrease in their strength, which is associated with an increase in
inclusions and impurities in diamond crystals. It is shown that the method of low-temperature nitrogen adsorption-
desorption and diffuse reflectance IR spectroscopy can be used to determine the relative concentration of defects and
predict the physical and mechanical properties of micron-sized crystalline diamond powders.

Keywords: synthetic diamond grinding powders, strength, magnetic susceptibility, structural and sorption
properties of the surface of diamond powders, hydrophilicity

INTRODUCTION to provide the dressing tool with the maximum
possible stability.

As a result of improving the process of
growing synthetic diamond powders by a number
of leading foreign companies, it became possible to
obtain diamond powders with high strength of
grades AC200 — AC400 (according to regulatory
documents of Ukraine) [5]. When growing
diamond crystals in different growth media,
depending on the growth conditions and after their
extraction, processing, and sorting, crystals with
varying degrees of defects are formed. Surface
defects  significantly  affect the strength

Precision deep plunge grinding is becoming
increasingly widespread in industry, which
provides  high-performance and high-quality
processing of parts of complex shape, including
those made of difficult-to-machine materials.
When performing such processing, the use of
diamond tools (dressing rollers, Fig. 1) is of great
importance. The performance of such tools largely
depends on the quality of the diamonds used [1-4].
Therefore, for the manufacture of dressing tools,
natural diamond powders of increased strength and
grain size are usually used. This is due to the need
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characteristics of the crystals and the performance
of any diamond-containing tool.

The purpose of this work is to study the
physico-chemical

physico-mechanical  and

characteristics  of  high-strength  synthetic
diamond grinding powders of grades AC300 —
AC200 with a grain size of 630/500.

Fig. 1. Diamond precision straightening rollers

MATERIALS AND METHODS

The research was conducted on diamond
grinding powders with a grain size of 630/500,
grades AC300, AC250, and AC200. For each
individual grade, the properties of diamond
powders were determined using methods
developed at the Institute of Superhard Materials of
the National Academy of Sciences: strength, as an
indicator of strength under static compression
(P,H); uniformity in strength (K, %); specific
magnetic susceptibility was estimated using the
Faraday method (y, m*/kg); hydrophilicity was
estimated using the free energy of water saturation
of 1 g of powder (4Cs, J/mol-g). The appearance of
diamond grinding powders of different grain sizes

was studied using an Axioscope 5 optical
microscope (Carl Zeiss Microscopy GmbH,
Germany).

The study of the structural and sorption
properties of the surface of diamond grinding
powders was carried out by the volumetric nitrogen
adsorption-desorption method at — 196 °C using a
Quantachrome NovaWin automatic gas adsorption
analyzer (Quantachrome, USA) according to the
standard procedure. All samples were degassed at
180 °C for 20 hours before measurement. The
surface area by the BET method (Sser), the total
pore volume (Vs) at p/ps=0.995+0.999 and the
average pore radius (width) (R) were determined
from the adsorption isotherms using the NovaWin
software. The pore size distribution curves were
calculated from the isotherms by the QSDFT
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method within the standard equilibrium model for a
carbon surface with slit-like pores.

Spectrometric studies of synthetic diamond
powder samples were performed in the mid-IR
range (4000-700 cm™') with a resolution of 2 cm ™.
A Nicolet 6700 Fourier spectrometer (Thermo
Fisher Scientific Inc., USA) was used to record the
diffuse reflectance infrared (DRIFT) spectra of the
samples.

RESULTS AND DISCUSSION

Microphotographs of individual crystals of
the initial diamond grinding powders of grades
AC300, AC250 and AC200 with a grain size of
630/500 are shown in Fig.2 a, b, c. As can be
seen from Fig. 2, diamond grinding powders of
different grades differ in the surface defects of
their faces. Crystals of grade AC200 have
noticeable chips and layers. Compared to AC200
and AC250, AC300 crystals have clear faces and
are characterized by minimal damage.

The physical and mechanical characteristics
of synthetic diamond grinding powders of grades
AC300, AC250 and AC200 with a grain size of
630/500 are presented in Table 1. As can be seen
from Table 1, diamond grinding powders of
grain size 630/500 of grades AC300, AC250 and
AC200 differ in strength by 1.4 times, and have
approximately the same uniformity in strength,
which corresponds to the range of the regulatory
document for these grades.

The results of the research also show that the
specific magnetic susceptibility of diamond
grinding powders with a decrease in the strength
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of diamond crystals increases from 3.3 to
4.8x10° m*/kg, which is associated with an
increase in intracrystalline inclusions and metal
impurities of the carbon solvent alloy in diamond
crystals. This can be confirmed by the results of
previously conducted work [6, 7], where it was
shown that for diamond grinding powders of
grain size 400/315, obtained in the Fe-Co-C

0000 @

system, for the AC125 brand with a strength of
230 N and a specific magnetic susceptibility of
39.5x10° m’/kg, the content of inclusions and
impurities is 0.481 wt. %. For diamond grinding
powders of the AC65 brand with a strength of
140 N and a specific magnetic susceptibility of
89.6x10* m'/kg, the content of inclusions and
impurities is 0.912 wt. %, i.e. 1.6 times more.

QO

Fig. 2. Micrographs of diamond crystals of grades AC300 (a), AC250 (b) and AC200 (c) with a grain size of

630/500

Table 1. Physical and mechanical characteristics of synthetic diamond grinding powders of grades AC300, AC250

and AC200 with grain size 630/500

Name of indicators

Diamond brand by

Specific magnetic

TU U 28.5-05417377-072 Ayerage particle Strength P, Uniformity i:l susceptibility,
diameter, dp, pm H strength, K., % 210%, m¥kg

AC300 565 720 75 33

AC250 565 640 75 3.8

AC200 565 480 70 4.8

Nitrogen adsorption-desorption isotherms for
all studied samples of synthetic diamond
grinding powders of different grades are similar
(Fig. 3). The isotherms have an almost linear
form with maximum adsorption (a) 0.11-0.13 cm’/g
at p/ps = 0.995+0.999.

The physicochemical characteristics of the
surface of synthetic diamond grinding powders
of grades AC300, AC250 and AC200 with a
grain size of 630/500 are given in Table 2. The
studied samples are characterized by a small
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specific surface area (less than 1m?/g) and a
small pore volume (Table 2), which is consistent
with their structure according to microscopy
data. The AC300 sample has the smallest
specific surface area among all studied samples
and is characterized by the largest average pore
radius. When moving to samples AC250 and
AC200, the specific surface area increases
slightly due to a decrease in the average pore
radius. The correlation between the values of
Szer and R indicates a similar structure of the
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surface layer of the studied samples. The
hydrophilicity of the surface of diamonds of the
AC200 grade with a grain size of 630/500 is
approximately 2.7 times greater than that of

0,14 4~ T

diamonds of the AC300 grade, which is fully
consistent with the adsorption parameters of the
samples.

0,00 T

0,2

Fig. 3.
AC300)

0,4

0,6 0,8 1,0

pip,

Typical nitrogen adsorption-desorption isotherm for synthetic diamond grinding powder samples (sample

Table 2. Physicochemical characteristics of the surface of synthetic diamond grinding powders of grades AC300,
AC250 and AC200 with a grain size of 630/500

Name of indicators

Diamond brand by . Average pore R
TU U28.5-05417377-072  Specific surface  Pore volume 104, ra (ﬁu:) Hydrophilicity,
area, Sget, m%/g V, em¥/g R nm’ ACs, J/mol-g
AC300 0.178 1.88 2.11 0.1960
AC250 0.213 1.99 1.87 0.4848
AC200 0.200 1.98 1.99 0.5231

Fig. 4 shows the pore size distribution curves
for all the studied samples of synthetic diamond
grinding powders. Regardless of the brand of the
samples, a broadened maximum with a center at
1.57 nm is observed on the pore size distribution
curves. The studied samples do not contain
micropores, which is consistent with the small
values of their specific surface area. However, in
addition to small mesopores, large mesopores up
to 30 nm wide are present on the surface of all
synthetic diamond samples, regardless of the
brand. Therefore, based on adsorption studies, it
can be stated that these diamond grinding
powders have a surface close to geometric and a
small number of pores.

The surface area of an ideal homogeneous
octahedral diamond crystal with size d can be
calculated from relation (1):

V. d

s 36

(M
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where V is the volume, S is the surface area of
the crystal.

The surface area of 1g of ideal diamond
crystals with a density of p=3.5g/em’ is
calculated by formula (2):

_ 36

S .
p-d

2

For ideal crystals with d =565 pum, the
specific surface area should be 3.7x107° m%g.
Despite the fact that the studied materials have a
more rounded crystal shape, their specific surface
area is approximately 50 times larger than that of
ideal diamond crystals (Table2). Thus, the
obtained results of adsorption studies can be
explained by the presence of impurities and
defects on the surface of synthetic diamond
crystals, which act as adsorption centers. Some
differences in the structural and sorption
parameters and hydrophilicity of samples of
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different brands are presumably associated with a
different number of such defects.

Fig. 5 shows the diffuse reflectance IR
spectra of the studied samples of synthetic
diamond grades AC300, AC250, and AC20.
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Fig. 4. Pore size distribution curves for synthetic diamond grinding powder samples

In all the obtained spectra, several
characteristic intense bands can be distinguished
at 2160, 2030 and 1970 cm™' and a broadened
band in the range 25502450 cm™'. These bands
are associated with vibrations of the diamond
crystal lattice and help to identify the diamond
phase itself [8,9]. The spectral region
4000-3000 cm™' is the same for all the studied
samples and coincides with the zero line. In the
region 1350-700 cm™', a series of less intense
bands can be identified, which are associated
with multiphonon vibrational processes typical
of diamond and/or the presence or absence of
impurities, in particular nitrogen [10, 11]. They
are not strictly defined absorption bands, but
create a characteristic contour of the diamond
spectrum in this range. In the studied spectra, no
absorption was detected in the vicinity of about
1580 cm™!, where the so-called G-band is
observed, which corresponds to the vibrations of
conjugated C=C sp’ bonds in graphitic or
amorphous carbon. The absence of this peak
indicates the practical absence of a non-diamond
phase in the samples and is an important
confirmation of the high purity of the diamond
structure with a predominance of sp’-hybridized
carbon, characteristic of crystalline diamond, and
indicates the effective removal of secondary
carbon phases during synthesis and subsequent
processing.

In the spectra of samples AC200 and
AC250, low-intensity bands are observed at
2850, 2920, and 1470 cm ™', which correspond to
symmetric and asymmetric stretching and
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deformation vibrations of the C-H bond,
respectively. These bands indicate hydrogenation
of the diamond surface with the formation of
alkyl or other hydrocarbon fragments. Their
presence is usually associated with surface
chemical modification of diamond particles
during synthesis, processing, or storage, as well
as with the adsorption of organic compounds.
Such groups are hydrophobic, which will affect
interfacial interactions, wettability, and other
surface properties of the material. However, the
highest content of C—H groups is observed for
sample AC200, which showed the highest
hydrophilicity. Therefore, both hydrophobic and
hydrophilic functional groups (adsorption sites)
are present on the surface of this sample.

In the spectra of all samples in the range of
1100-1350 cm™', intense absorption bands at
1289, 1344 and 1130 cm ™' (A-, B- and C-centers,
respectively) are observed, due to nitrogen
impurities in aggregated and dispersed forms
[10, 11]. The band at 1130 cm™' (C-centers) has
the highest intensity, which is typical for
synthetic HPHT yellow diamonds of type Ib and
indicates the presence of single nitrogen atoms in
the diamond crystal lattice. The relative content
of nitrogen substitution defects (NSD) was
calculated as the ratio of the peak intensity for an
individual nitrogen defect (bands at 1130, 1289
and 1344 cm™') to the intensity of the diamond
peak (band at 2160 cm™). The obtained values of
the NSD content are given in Table 3.

As can be seen from the data in Table 3,
there is a clear correspondence between the
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content of B- and C-centers on the one hand and
the physical and mechanical characteristics of
the studied samples (Table 1) and hydrophilicity.

At the same time, the relative content of
A-centers in the samples is consistent with the
results of adsorption studies.

DRIFT, conv. un.

4000 3000

2000 1000

El
Wave number, cm

Fig. 5. Diffuse reflectance IR spectra of synthetic diamond powders with a grain size of 630/500 of grades AC300,

AC250 and AC200 in the range of 4000-700 cm™

Table 3. Relative content of defects caused by nitrogen impurities, determined from diffuse reflectance IR spectra
in synthetic diamond grinding powders of grades AC300, AC250 and AC200 with grain size 630/500

Diamond brand by Relative content of nitrogen substitution defects
TU U28.5-05417377-072 A-centers (1285 cm™) B-centers (1344 cm™) C-centers (1130 cm™)
AC300 0.501 0.509 0.834
AC250 0.557 0.557 0.853
AC200 0.539 0.560 0.868
CONCLUSIONS decrease in their strength, which is associated
Thus, the physicomechanical and with an increase in inclusions and impurities in

physicochemical characteristics of synthetic
diamond grinding powders of grades AC300,
AC250 and AC200 with a grain size of 630/500
were investigated. The results of adsorption
studies show that the synthetic diamond samples
are characterized by a small specific surface area
from 0.17 to 0.21 m%g and a small pore volume
(1.88-1.99)x10* cm’/g. The studied samples
differ in strength by 1.4 times, and the specific
magnetic susceptibility of diamond crystals
increases from 3.3 to 4.8x10°*m’/kg with a

diamond crystals. It is shown that the low-
temperature  nitrogen  adsorption-desorption
method and diffuse reflectance IR spectroscopy
can be used to determine the relative defect
concentration and predict the physical and
mechanical properties of micron-sized crystalline
diamond powders.
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IToBepxHeBi BJACTHBOCTI BHCOKOMIIIHUX CHHTeTHYHHMX HLIi(pIOPOILIKIB agama3sy

.. lnbHunska, B.€. Jdiok, A.B. Sluumupcskuii, B.1. Jlappinenko, B.B. CMmokBuHa,
O.B. JlorinoBa, I.M. 3aiinesa, C.I1. Ctapuk

ITncmumym naomeepoux mamepianie im. B.M. Bakyas HayionaneHoi akademii Hayk Yrpainu
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Kuiscoxuti nayionanvnui ynisepcumem im. Tapaca llleguenxa
ey Bonooumupcera, 62a, Kuis, 01033, Vkpaina, vdiyuk@gmail.com

Tpu supowgysanni armasnux KpUCmanie y pisHux pocmogux cepedosUuax 6 3a1elCHOCmi 6i0 yMos 3pOCMaHHs
ma nicis iXHb020 BULYUEHHS, 0OPOOKU, COPMYBANHS YMBOPIOIOMbCS KPUCMANU 3 PI3HUM CIYNeHeM OeheKmHocmi.
Hechexmu noeepxui 3HAUHOIO MIpOIO 8NIUBAIOMb HA XAPAKMEPUCMUKY MIYHOCMI Kpucmanie ma npaye30amHicms
0y0b-AK020 AIMA308MICHO20 THCmpymeHma. Memoto O0anoi pobomu € 00CHIOHCeHHs NOBEPXHeBUX BNACUBOCHIEl
BUCOKOMIYHUX CuHmMemuyHux wrigpnopowixie armasy mapoxk AC300, AC250 ma AC200 s3epuucmocmi 630/500 ona
OYIHKU 3HOCOCMIUKOCMI AIMA3HO20 AOPA3UBHO20 IHCMPYMEHMA.

Jlna xodcnoi okpemoi 3epHUCmocmi 8uU3HAYANU MIYHICb A 0OHOPIOHICMb 3a MiYHICMIO, NUMOMY MASHIMHY
cnputinamaugicms, 2iopogineuicme. Cman nosepxmi oyiniosaiu memoodamu aodcopbyii/oecopbyii azomy ma
14- cnexmpockonii. Tlokazano, wo 0ocniodceni 3pasku WlipnopowKie CUHMemu4HO20 aimMasy XapaKmepusyomscs
negenuxoio numomoio nosepxuero 0.17-0.21 m’/2, manum 06 ’emom nop (1.88-1.99)x107* mn/z, ma pisnamocs misc
coboro 3a miynicmio y 1.4 pasu, wo y3e00axcyemvcsi 3 ixHbor 0y0oeow. Ilumoma macHimua CnpuliHAMAUGICMb
kpucmanie aimazy spocmac 6i0 3.3 00 4.8-1078 ym’/kz 3i smenwennam ixuvoi miynocmi, wo nos s3ano 3i 36inbUIEHHAM
Y KpUCMANAX aimasy 6KI0YeHb ma OOMIULOK.

Tlokazano, wo memoo HuzbkomemnepamypHoi aocopoyii-decopoyii asomy i I9-cnexmpockonis ougysznoeo
BI0OUBAHHA MOJCE BGUKOPUCMOBYBAMUCS Ol BU3HAYEHHS BIOHOCHOI KoHyeHmpayii Oeghekmie i NpoOcHO3Y8AHHSA
QizuKo-mexaHiuHux gnacmugocmeni KpUCMAIiYHUX AIMA3HUX NHOPOWKIE MIKDOHHO20 PO3MIDY.

Knrouosi cnoea: winigpnopowsku cuHMemuyHux aimasie, MiyHicmv, MASHIMHA CRPUAIMAUGICIb, CIPYKIMYPHO-
COpOYIiiHI 61ACMUCMUBOCMI NOBEPXHI ANMAZHUX NOPOWIKIB, 2I0poghinbHicmb
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