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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–1) with a resolution of 2 cm–1. 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 m2/g and a small pore volume (1.88–1.99)×10–4 cm3/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 4.8×10–8 m3/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 

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 

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 
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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-mechanical and physico-chemical 

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 (χ, m3/kg); hydrophilicity was 
estimated using the free energy of water saturation 
of 1 g of powder (ΔСS, 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 (SBET), 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 

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–1) with a resolution of 2 cm–1. 
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 
4.8×10–8 m3/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 

system, for the AC125 brand with a strength of 
230 N and a specific magnetic susceptibility of 
39.5×10–8 m3/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 
89.6×10–8 m3/kg, the content of inclusions and 
impurities is 0.912 wt. %, i.e. 1.6 times more. 

 

  
а b 

c 

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 

Diamond brand by 
ТU U 28.5-05417377-072 

Name of indicators 

Average particle 
diameter, dp, μm 

Strength Р, 
Н 

Uniformity in 
strength, K., % 

Specific magnetic 
susceptibility,  
 10–8, m3/kg  

АС300 565 720 75 3.3 
АС250 565 640 75 3.8 
АС200 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 cm3/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 

specific surface area (less than 1 m2/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 
SBET 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 

diamonds of the AC300 grade, which is fully 
consistent with the adsorption parameters of the 
samples. 
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Fig. 3. Typical nitrogen adsorption-desorption isotherm for synthetic diamond grinding powder samples (sample 
AC300) 

 

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 

Diamond brand by 
ТU U28.5-05417377-072 

Name of indicators 

Specific surface 
area, ЅВЕТ, m2/g 

Pore volume 104, 
V, cm3/g 

Average pore 
radius,  
R, nm 

Hydrophilicity,  
ΔСS, J/mol-g 

АС300 0.178 1.88 2.11 0.1960 
АС250 0.213 1.99 1.87 0.4848 
АС200 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): 

63

d

S

V
 ,              (1) 

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

The surface area of 1 g of ideal diamond 
crystals with a density of  = 3.5 g/cm3 is 
calculated by formula (2): 

d
S





63 .              (2) 

For ideal crystals with d = 565 μm, the 
specific surface area should be 3.7×10–3 m2/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 (Table 2). 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 АС20. 
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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–1 and a broadened 
band in the range 2550–2450 cm–1. 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–1 is the same for all the studied 
samples and coincides with the zero line. In the 
region 1350–700 cm–1, 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–1, where the so-called G-band is 
observed, which corresponds to the vibrations of 
conjugated C=C sp2 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 sp3-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–1, which correspond to 
symmetric and asymmetric stretching and 

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–1, intense absorption bands at 
1289, 1344 and 1130 cm–1 (A-, B- and C-centers, 
respectively) are observed, due to nitrogen 
impurities in aggregated and dispersed forms 
[10, 11]. The band at 1130 cm–1 (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–1) to the intensity of the diamond 
peak (band at 2160 cm–1). 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. 
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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–1 

 

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 
ТU U28.5-05417377-072 

Relative content of nitrogen substitution defects 
A-centers (1285 cm–1) В-centers (1344 cm–1) С-centers (1130 cm–1) 

АС300 0.501 0.509 0.834 
АС250 0.557 0.557 0.853 
АС200 0.539 0.560 0.868 

 
 

СONCLUSIONS 

Thus, the physicomechanical and 
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 m2/g and a small pore volume 
(1.88–1.99)×10–4 cm3/g. The studied samples 
differ in strength by 1.4 times, and the specific 
magnetic susceptibility of diamond crystals 
increases from 3.3 to 4.8×10–8 m3/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 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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Поверхневі властивості високоміцних синтетичних шліфпорошків алмазу 
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При вирощуванні алмазних кристалів у різних ростових середовищах в залежності від умов зростання 
та після їхнього вилучення, обробки, сортування утворюються кристали з різним ступенем дефектності. 
Дефекти поверхні значною мірою впливають на характеристики міцності кристалів та працездатність 
будь-якого алмазовмісного інструмента. Метою даної роботи є дослідження поверхневих властивостей 
високоміцних синтетичних шліфпорошків алмазу марок АС300, АС250 та АС200 зернистості 630/500 для 
оцінки зносостійкості алмазного абразивного інструмента. 

Для кожної окремої зернистості визначали міцність та однорідність за міцністю, питому магнітну 
сприйнятливість, гідрофільність. Стан поверхні оцінювали методами адсорбції/десорбції азоту та               
ІЧ- спектроскопії. Показано, що досліджені зразки шліфпорошків синтетичного алмазу характеризуються 
невеликою питомою поверхнею 0.17–0.21 м2/г, малим об’ємом пор (1.88–1.99)×10–4 мл/г, та різняться між 
собою за міцністю у 1.4 рази, що узгоджується з їхньою будовою. Питома магнітна сприйнятливість 
кристалів алмазу зростає від 3.3 до 4.8ꞏ10–8 м3/кг зі зменшенням їхньої міцності, що пов’язано зі збільшенням 
у кристалах алмазу включень та домішок. 

Показано, що метод низькотемпературної адсорбції-десорбції азоту і ІЧ-спектроскопія дифузного 
відбивання може використовуватися для визначення відносної концентрації дефектів і прогнозування 
фізико-механічних властивостей кристалічних алмазних порошків мікронного розміру.  

Ключові слова: шліфпорошки синтетичних алмазів, міцність, магнітна сприятливість, структурно-
сорбційні властистивості поверхні алмазних порошків, гідрофільність 
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