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IMPROVING THE PERFORMANCE
CHARACTERISTICS OF SYNTHETIC
DIAMONDS FOR HIGH-PRECISION
DIAMOND DRESSING TOOL

Introduction. Ukrainian machine-building enterprises, especially engine- and aircraft-building, need a precision
diamond dressing tool. For its effective operation, it is necessary to use high-quality synthetic diamond powders
with controllable strength and heat resistance, as well as geometric grain size.

Problem Statement. Synthetic diamonds are synthesized in different growth systems, so they differ signifi-
cantly in the presence of intracrystalline impurities and inclusions, and hence have dif ferent properties.

Purpose. To study the possibilities of improving the physical and mechanical properties of diamond grinding
powders by effective sorting out by grain surface defects.

Materials and Methods. The physical and mechanical properties of AS65—AS250 diamond powders:
strength under static compression, coefficient of uniformity in terms of strength, heat resistance and specific
magnetic susceptibility have been determined. The elemental composition of impurities and inclusions in powders
has been established by the X-ray fluorescence integrated analysis, with the use of BS-340 scanning electron
microscope and Link-860 energy-dispersive X-ray spectrum analyzer.

Results. It has been shown that the separation of diamonds in a magnetic field of dif ferent intensity contribu-
tes to the production of grinding powders that differ in the content of impurities and inclusions and therefore,
different physical and mechanical properties. In general, the fewer impurities and inclusions the diamond crystals
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of all systems contain, the higher is their strength. 1o achieve this, the diamond grinding powders have been sorted
out in a special way. For this purpose, the method of adhesive-magnetic sorting of diamond grinding powders has
been improved: the surface treatment of grinding powder grains is provided by depositing electrically conductive
fine particles and their adhesive fixing on the surface of diamond grains to obtain the required electrical properties.

Conclusion. The use of the improved diamond grinding powders in the tool allows increasing the ef ficiency of

the diamond dressing tool.

Keywords: precision dressing tool, synthetic diamond grinding powders, synthetic diamond surface defect,
growth synthesis systems, sorting, and improvement of synthetic diamond performance.

The plunge-cut grinding operations that provide
the greatest labor productivity and a high accu-
racy and stability of quality of the machined pro-
ducts have been getting increasingly widespread
in serial and large-scale production of parts for
world mechanical engineering. In this case, the
grinding process is more than a mere finishing
operation, therefore, the role of diamond guide
rollers designed to form the grinding wheel pro-
file with high cutting properties of its working
surface, for minimal time. Recently, joint efforts
of researchers and manufacturers of global corpo-
rations have resulted in practical developments
of various dressing and truing tools that differ
both in terms of design and technology of their
manufacture. The use of synthetic diamonds is wi-
dely used in the production of dressing tools. In
some cases, the simplification of design and tech-
nology for manufacturing of diamond dressing
rollers has allowed a sharp reduction of their cost.
Recently diamond rollers have been widely used
not only in mass and large-scale production, but
even in small-scale one. This is especially true for
the dressing tools made of synthetic diamonds.
Having only 3—5 times less durability, but pro-
viding high quality of machined parts, the dia-
mond dressing rollers made of synthetic diamonds
have been widely used in many fields of mechani-
cal engineering, since they are ten times cheaper
as compared with a similar tool made of natural
diamonds. Moreover, the availability of a suffi-
cient raw material of synthetic diamonds allows
maximum simplification of the technology for ma-
nufacturing diamond dressing rollers, with the use
of the mold technology (multilayer diamond dres-
sing rollers) or the electroplating methods (sing-
le-layer diamond dressing rollers).

ISSN 2409-9066. Sci. innov. 2021. 17 (6)

In many branches of mechanical engineering,
such as, roller-bearing, tool and optical-mechani-
cal production, the share of the use of high-preci-
sion tools in manufacturing the products reaches
50%. Meanwhile, the cost of such a precision tool,
especially diamond one, reaches USD 1,000 and
the problem of extension of its service life is ext-
remely important. However, the above tool is ext-
remely profitable for the production of Ukraine,
because the cost of diamonds in the above tool
reaches USD 200 per 1 carat, while, for example,
in a standard grinding tool, the cost of diamonds
ranges from USD 0.5 to USD 1.0 US per 1 carat.
Therefore, elaborating a technology for creating
new dressing tools with an extended service life
for truing highly abrasive composites is very im-
portant and relevant.

Ukrainian machine-building enterprises, es-
pecially the engine-building ones, aggregate and
hydro-aggregate plants, aircraft-building corpo-
rations need precision dressing tools. In Ukraine’s
market, there are imported dressing tools manu-
factured by CORUS (Switzerland), Schaundt and
Reishauer (Germany), Terek Diamond Plant (Rus-
sia), and Tyrolit (Austria). These tools are expen-
sive, and to buy them the enterprises need to have
foreign currency. At the same time, in order to
meet the needs of Ukrainian enterprises in such
tools, as well as to enter the foreign market, the
National Academy of Sciences of Ukraine (Ba-
kul Institute of Superhard Materials in coopera-
tion with the universities of the Ministry of Edu-
cation and Science of Ukraine) has been develo-
ping and manufacturing effective dressing tools,
as shown on the website of the NAS of Ukraine in
the reference publication the Promising R&Ds of the
NAS of Ukraine since 2017. Meanwhile, over time,
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there is a need for innovative improvement of
these tools, which is the purpose of this research.

The existing negative trends in the development
of Ukraine’s economy and the projected long pe-
riod of its renewal have forced Ukrainian manu-
facturers to look for opportunities to sell their pro-
ducts abroad. The EU market as the world largest
production site is promising for this goal. It should
be noted that when promoting products on this
market, Ukrainian manufacturers face a number of
problems, namely: the products are not certified ac-
cording to European standards, the European pro-
tectionist approach “buy your own,” customs and
language barriers, restrictions on payment instru-
ments, etc. The absence of an export risk insurance
system in Ukraine does not allow for the shipment
of products with deferred payment under the gua-
rantee of an insurance company, which is practiced
in all Eurozone countries. However, the main ob-
stacle is Ukraine’s low rating in terms of business
startups, which scares away potential counterpar-
ties and virtually nullifies attempts to establish di-
rect cooperation with large European consumers
of Ukrainian products. Practically, the only way
for the Ukrainian manufacturers to find partners,
mainly with Ukrainian “roots” who can help to pro-
mote the products on the European market. At the
same time, Bakul ISM of the NAS of Ukraine can
compete in the manufacture and supply to the EU
market of unique, science-intensive, high-tech tools
made of superhard materials, which production
is not very popular among large manufacturers.

Examples of such products are precision dia-
mond rollers for machining complex products: tur-
bine blade locks, bearing parts, hydraulic pumps,
piston rings, car engine valves, etc., the manufac-
turing technology for which is available for a limi-
ted number of countries, as well as new configura-
tions of large diamond grinding wheel on polymer
bonds: 1A1 500x60x6x203, 1A1 600x50x10x305,
and 1A1750x50x10x305. The production of such
tools does not allow for the automation of techno-
logical operations; it is very individual and gives
the manufacturer a chance to occupy its niche in
this market segment.
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The hardest bonds are used to make the dres-
sing rollers, the most common of which is nickel-
galvanic (Vickers hardness is from 2 to 4 GPa).
The requirements for diamond powder are espe-
cially strong (AC100—AC250). The grain size of
diamonds for the dressing tool shall range from
250/200 to 1000/800. The finer powders are used
for the manufacture of small profiles, while the
coarser powders are suitable for flat profiles
without sharp edges. To achieve a high accuracy
in the range of 3—5 pm, the diamond powder is
additionally sieved in order to obtain the content
of the fractions adjacent to the main grain size,
which does not exceed 5% beyond the upper and
lower limits.

At the same time, at the present stage the de-
velopment of advanced technologies for machi-
ning of machine parts with the use of dressing
rollers necessitates the use of high-quality dia-
mond powders with controlled characteristics of
strength and heat resistance, as well as geomet-
ric grain sizes. The strength of diamonds for pre-
cision dressing rollers is necessary, but not suffi-
cient characteristic: the main indicator of the qua-
lity of synthetic diamonds used in the dressing
tool is the content of impurities and inclusions in
them, and it depends on the manufacturer’s syn-
thesis conditions. Our research has shown that
the predominant elements in the composition of
intracrystalline impurities and inclusions in dia-
mond crystals are the metals of the carbon sol-
vent alloy, which give the diamond crystals mag-
netic properties (Table 1). Grinding powders of
diamonds with a grain size of 400/315 of different
grades synthesized in Ni-Mn—-C, Fe—Co—C, and
Fe—Ni—C systems have been studied.

While studying grinding powders of synthetic
diamonds with a grain size of 400/315 of different
grades, which are synthesized in different growth
systems, the magnetic susceptibility of each pow-
der and the elemental composition of inclusions
and impurities by means of X-ray fluorescence
analysis have been determined. The sum of all
identified elements corresponds to the total con-
tent of inclusions, and the sum of the elements of
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Fig. 1. General view of diamonds of the same grade AC100 630/500, but having different content of impurities and inclu-
sions and, therefore, different colors: @ — manufacturer 3 (see Table 2); b — manufacturer 1 (see Table 2).

the solvent alloy makes it possible to estimate
their content in the diamond powder. In general,
high-strength heat-resistant synthetic diamond
grinding powders synthesized in Fe-Ni—C system
contain fewer intracrystalline impurities and in-
clusions and have a high strength and heat resis-
tance. In addition, the further analysis has shown
that grinding powders of synthetic diamond of
different grades, which are synthesized in diffe-
rent growth systems Ni-Mn-C, Fe—Co-C, and
Fe—Ni—C, differ from each other in the magnetic
properties. Therefore, the content of intracrystal-

line impurities and inclusions in diamond crystals,
which is well visible from variation of diamond co-
lor, may be estimated based on changes in the mag-
netic properties, by measuring the specific mag-
netic susceptibility.

This is what we observe, when comparing, the
general appearance of, for example, AC100 630/
500 diamonds from different manufacturers (Fig. 1)
conventionally marked with 1 and 3 (Table 2).

The diamond grinding powders of grades
AC100 and AC200, with grain sizes 630,500,
500,400, 315,250, and 250,200 of the three dif-

Table 1. Elemental Composition of Intracrystalline Impurities and Inclusions in Diamond Grinding
Powders with a Grain Size of 400/315 of Different Growth Systems: Ni-Mn-C, Fe—Co—C, and Fe—Ni—C

Elemental composition, % wt. Total content
Grade of inclusions,
Si Ca Ti Cr Fe Co Ni Mn Cu Zn % wt.
Ni—Mn-C
AC125 | 0.040 0.003 0.003 0.014 0 0.006 | 0.541 | 0.471 0.021 0.009 1.108
AC80 0.046 0.005 0.006 0.018 0.017 | 0.011 1.136 | 0.865 0.024 0.010 2.138
AC50 0.051 0.007 0.009 0.0020 | 0.037 | 0.017 1.390 1.00 0.031 0.014 3.017
Fe—Co-C
AC160 — 0.002 — 0.012 0.254 | 0.195 | 0.011 — 0.005 0.002 0.481
AC100 — 0.005 0.006 0.054 0.297 | 0.239 | 0.028 — 0.006 0.002 0.637
AC80 0.010 0.013 0.016 0.084 0.398 | 0.341 0.039 — 0.008 0.003 0.912
AC65 0.011 0.015 0.029 0.123 0.683 | 0.785 | 0.084 — 0.010 0.005 1.745
AC50 0.011 0.019 0.035 0.311 0.736 | 0.825 | 0.107 — 0.011 0.007 2.062
Fe-Ni—-C
AC250 — 0.015 — — 0.161 0.016 | 0.114 | 0.003 0.022 — 0.331
AC200 — 0.026 — — 0.212 | 0.031 0.124 | 0.007 0.039 — 0.439
AC160 — 0.040 0.016 0.060 0.222 | 0.058 | 0.139 | 0.010 0.058 — 0.617
ISSN 2409-9066. Sci. innov. 2021. 17 (6) 75
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ferent manufacturers conventionally designated
by us as 1—3 have been studied. The changes in
the magnetic and strength properties of the dia-
monds have been evaluated by the methods de-
veloped in Bakul ISM of the NAS of Ukraine.
The results for the physical and mechanical pro-
perties of grades AC100 and AC200, grain sizes
630/500, 500,400, 315/250, and 250,200 are gi-
ven in Tables 2 and 3.

As one can see from the above Tables, the stu-
died powders have high strength characteristics
and different magnetic properties. As we have al-
ready mentioned above, the physical and mecha-
nical properties of synthetic diamond grinding
powders used for dressing rollers have a great in-
fluence on the efficiency of the tool operation.

Table 2. Physico-Mechanical Properties
of AC100 Diamonds from Different Manufacturers

Conditional name | Strength of diamonds | Specific magnetic
of manufacturer under static susceptibility,
groups compression, P, N x- 1078, m*/kg
Grain size 630/500
1 230 927.0
2 255 69.0
3 278 59
Grain size 315/250
1 143 16.4
2 131 19.0
3 158 —0.25
Grain size 250/200
1 125 0.64
118 7.9
3 137 —0.5

Table 3. Physico-Mechanical Properties
of AC200 Diamonds from Different Manufacturers

Conditional name | Strength of diamonds | Specific magnetic

of manufacturer under static susceptibility,
groups compression, P, N x- 1078, m?/kg
500/400
1 402 25.0
2 436 0.5
250/200
1 246 0.9
2 275 0.5
76

That is why the purpose of this research is to stu-
dy the possibilities of improving the physical and
mechanical properties of diamond grinding pow-
ders used in dressing tools.

For the obtained powders AC65-AC250, the
following physical and mechanical properties be-
fore and after heat treatment have been determi-
ned: strength as destructive load under static com-
pression at room temperature (P, N) and after
heat treatment P, ) at 800 °C and 1100 °C, by the
methods of DSTU 3292-95; heat resistance esti-
mated by the coefficient of thermal stability (C,,)
and the coefficient of strength uniformity (C_));
and specific magnetic susceptibility (y), by mea-
surements. It should be noted that the coefficient
of strength uniformity (C_ ) of a certain grain si-
ze and grade has been determined based on the
total content of grains, the destructive load of
which is within the range of strength for the no-
minal grade in accordance with DSTU 3292. The
elemental composition of impurities and inclu-
sions in diamond powders has been determined
by X-ray fluorescent integrated analysis, with the
use of BS-340 scanning electron microscope and
Link-860 energy-dispersive X-ray analyzer.

The effect of heat treatment has been studied
on AC200 diamonds with grain size 500/400 and
250/200. The diamond powders are separated in
a magnetic field of different intensity (from 0 to
20 kA/m?) to obtain fractions of powders, which
differ in specific magnetic susceptibility. After
the separation, the obtained powders are thermal-
ly treated in an inert medium, at a temperature of
800 °C and 1100 °C. Before the heat treatment,
all samples undergo chemical treatment to remo-
ve impurities from the surface of diamond grains.

The results of the separation of AC200 dia-
mond grinding powders with grain size 500,/400
and 250/200 in a magnetic field of different in-
tensities are shown in Fig. 2 (a, b). Fig. 2 features
AC200 diamond grinding powders with grain size
500/400 and 250/200 separated in a magnetic
field into several fractions, with diamonds of the
magnetic fractions (magnetic 1), which have a
high specific magnetic susceptibility, and the non-

ISSN 2409-9066. Sci. innov. 2021. 17 (6)
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magnetic fractions differing in what? 11.5 times
for grain size 500,/400 and 7.8 times for grain si-
ze 250,/200.

The results of determining the physical and
mechanical properties of diamond grinding pow-
ders of the original magnetic and nonmagnetic
fractions of grain size 500/400 and 250,/200 af-
ter heat treatment at 800 and 1100 °C are presen-
ted in Table 4.

It is seen that in both diamonds, with grain size
500,400 and 250,200, as the content of intracry-
stalline metal inclusions in diamond crystals grows,
their magnetic properties get stronger. The crys-
tals with the larger grain size 500/400 contain
more intracrystalline metal inclusions, consequent-
ly, they possess higher specific magnetic suscepti-
bility. The increase in the content of intracrystal-
line metal inclusions in the diamond crystals of
all the studied systems leads to a decrease in the
strength characteristics after heat treatment at
both 800 °C and 1100 °C. For the diamond crystals
with lower content of intracrystalline impurities
and inclusions (fractions 3 and below), after heat
treatment at 800 °C, there is reported a slight (app-
roximately 5%, at most) increase in strength, which
can be explained by a decrease in internal stres-
ses in diamond crystals as a result of heat treat-
ment. The greater is the content of impurities and
inclusions, the more intense is the decrease in the
strength of diamond crystals. In addition, as fol-
lows from Table 4, the separation of diamond
grinding powders with grain size of 500/400 and
250/200 in a magnetic field into fractions with
different specific magnetic susceptibility and, ac-
cordingly, different content of intracrystalline me-
tal inclusions stimulates the separation of diamond
powders by strength. In this separation, there are
distinguished the powders that differ in strength
by 10—30%, at room temperature, and those mo-
re uniform in terms of strength by at least 25% for
both grain sizes, as compared with the above.

Thus, the separation of diamond powders in a
magnetic field and the separation of grinding pow-
ders with different content of intracrystalline im-
purities and inclusions in diamond crystals with

ISSN 2409-9066. Sci. innov. 2021. 17 (6)
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Fig. 2. The results of the separation of AC200 diamonds with
grain size 500/400 (@) and 250,200 (b) in the magnetic field

grain size 500/400 and 250/200 contribute to
the overall increase in heat resistance of diamond
grinding powders of both grain sizes. The most
heat-resistant are high-strength powders with a
lower content of intracrystalline impurities and
inclusions.

During the treatment, the temperature in the
diamond contact area may reach 1000 °C; the dia-
monds are treated in the air environment. In this
regard, the study of the corrosion resistance of
diamonds in the air during high-temperature treat-
ment is quite relevant. Usually, the heat resis-
tance of powders of superhard materials, inclu-
ding synthetic diamond powders, is determined by
the ability of their grains to maintain the strength
properties as a result of heat treatment at a cer-
tain temperature. To develop methods for making
tools, it is necessary to use thermally strong grains
of diamond grinding powders. Therefore, the ki-
netics of the oxidation process of high-strength
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diamond powders synthesized with the use of fer-
roalloys in the air environment, at the tempera-
ture conditions of the diamond tool has been fur-
ther studied.

The effect of gas-phase oxidation has been
studied in the air and inert media environments,
with the use of diamond powders with different
dispersion, which are synthesized in iron-nickel-
carbon, iron-cobalt-carbon systems. For the study,
the samples are made of high-strength diamonds
AC200 grain size 250,200, 315/250, and 400/315.
Previously, before the oxidation process, the dia-
mond grinding powders were separated in a mag-
netic field of different intensity with the separa-
tion of magnetic and nonmagnetic fractions of
powders, which differ in specific magnetic suscep-
tibility () and, accordingly, in the content of in-
tracrystalline metal inclusions (B). The samples
of diamonds with different grain sizes are oxidi-
zed at a temperature of 900 °C and 950 °C for dif-
ferent times from 10 minutes to 6 hours. Under the
same conditions, the diamond powders are pro-
cessed in the argon atmosphere. The oxidation of
diamond grains is measured by the difference of

their mass before and after oxidation. The results
of experiments on the oxidation of diamond grin-
ding powders of different grain sizes in the gas en-
vironments have been compared by the differen-
ce in the oxidation rate of diamonds (V, g/sec) for
a weight loss of 10%.

After the separation of diamonds with grain
size 315/250 in a magnetic field for each growth
system we have made samples of diamonds with
the magnetic, nonmagnetic, and original fractions
to be subjected to thermal oxidation at a tempe-
rature of 900 °C, in the air and gas environments.
The obtained diamond samples are used to deter-
mine the strength of static fracture of diamond
grains and the rate of their oxidation in the air
and inert gas environments, as well as the specific
magnetic susceptibility and the content of intra-
crystalline metal inclusions. The results of these
studies are given in Table 5.

Table 5 shows that the diamond grinding pow-
ders synthesized in the Fe—Ni—C and Fe—Co—C
systems of the magnetic, nonmagnetic, and origi-
nal fractions, which differ in the specific magnetic
susceptibility, strength, and content of intracrys-

Table 4. Physico-Mechanical Properties of Diamonds, Grain Sizes 500/400 and 250,/200

- | R Destructive load under static compression,
e total content of inclusions at di :
Sfigjéztﬁj Xm31/(l)<; on the diamond surface at different temperature, N Crr % C,.%
after heat treatment, % wt. Room 800 °C 1100 °C
temperature
500,400
Magnetic 1 65.7 0.839 318.9 300.8 239.2 65 72
Magnetic 2 44.7 0.627 356.7 341.5 281.8 79 79
Magnetic 3 23.9 0.506 379.9 380.9 341.9 90 88
Magnetic 4 11.6 0.437 427.8 431.5 397.5 93 88
Magnetic 5 5.7 0.334 467.2 475.9 444.5 95 89
(nonmagnetic)
Original 35.6 0.445 408.9 — 341.3 83 69
250/200
Magnetic 1 22.7 0.568 174.3 171.3 148.8 76 79
Magnetic 2 12.8 0.412 195.8 194.4 187.5 94 84
Magnetic 3 7.9 0.329 228.9 230.8 217.5 95 89
Magnetic 4 2.9 0.235 250.7 265.7 240.7 96 90
(nonmagnetic)
Original 10.7 0.356 225.7 — 198.6 88 74
78 ISSN 2409-9066. Sci. innov. 2021. 17 (6)
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talline inclusions have similar the oxidation rates
both in the air and in the inert gas environments.
The oxidation rate of the diamonds of magnetic
fractions of Fe—Ni—C and Fe—Co—C systems is
approximately 2 times higher than that of the di-
amonds of nonmagnetic fractions.

Based on the above data, the heat resistance to
oxidation in the air environment and the strength
of diamond powders depend on the concentra-
tion of metal impurities in them. The greater is
the content of metal impurities in the diamond
powders, the lower are the heat resistance to oxi-
dation and the strength. In this regard, we have pro-
posed a special additional thermochemical treat-
ment of diamond powders, which may significant-
ly reduce the concentration of metal impurities
thereby increasing the diamond powder resistan-
ce to oxidation in the gas environment and im-
prove the performance of diamond tools.

Therefore, the physical and mechanical proper-
ties of high-strength (AC160—AC250) synthetic
diamond grinding powders used in precision dres-
sing tools have been further studied. The charac-
teristics of diamond grinding powders AC250,
AC200, and AC160 synthesized in the Fe—Ni—C
system are given in Table 6.

Table 6 shows that the strength of diamond grin-
ding powders AC250—AC160 varies depending on
the content of inclusions in them. As the content
of inclusions increases from 0.331 to 0.617 atom. %,
the strength decreases from 414.2 to 305.5 N, at
room temperature, and from 393.5 to 220.0 N,
after heat treatment. The thermal stability coeffi-
cient of diamonds (C,,) decreases from 95 to 72%.
Based on C,, the thermal stability diamonds has
been categorized as high (HT), for AC250 and
AC200, and medium (MT), for AC160. The strength
uniformity coefficient of synthetic diamond grin-

Table 5. Results of the Studies of Grinding Powders Made of Diamonds Synthesized in Different Systems

Fraction 1105, m*/kg B, % wt. Str;nI%th, Oxidation rate, V, g/s
’ Air Argon
Fe—Ni—C system
Magnetic 22.7 0.538 216.1 8.9 4.2
Nonmagnetic 3.0 0.315 354.9 39 2.2
Original 9.8 0.427 289.3 7.7 5.9
Fe—Co—C system
Magnetic 49.5 0.835 189.0 10.3 4.8
Nonmagnetic 11.2 0.452 319.0 5.4 2.3
Original 29.6 0.624 267.0 7.8 6.7

Table 6. Properties of Diamond Grinding Powders with Grain Size 400/315
of Different Grades, Which Are Synthesized in the Fe—Ni—C System

Grades according to DSTU 3292 and TU U 28.4-05417344-2003

Property

AC250 AC200 AC160
Specific magnetic susceptibility, % - 108, m?/kg 3.2 10.2 24.7
Strength at room temperature, P, N 414.2 358.0 305.5
Strength after heat treatment, PHT, N 393.5 304.3 220.0
Thermal stability coefficient, C,, % 0.95 0.85 0.72
Category of thermal stability BT BT CT
Coefficient of strength uniformity, C , % 76 64 48
Surface defect coefficient, K, % 0.05 0.12 0.23
Content of inclusions, B, atom. % 0.331 0.439 0.617

ISSN 2409-9066. Sci. innov. 2021. 17 (6)
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Fig. 3. Strength uniformity of grinding powders made of
synthetic diamonds with grain size 400/315 synthesized in
the systems: a — Fe—Co—C and b — Fe-Ni—C
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ding powders varies from 76 to 48%. As the con-
tent of inclusions increases, the specific magnetic
susceptibility of diamonds grows from 3.2 x 1078
to 24.7 x 108 m®/kg. The surface defect coefficient
of grinding powders of different grades, based on
the surface activity coefficient, ranges from 0.05
to 0.23%.

In general, the diamond crystals of all systems,
which contain less intracrystalline impurities and
inclusions, have a higher strength. To improve the
strength characteristics and their uniformity, it is
necessary to sort out the diamond grinding pow-
ders in a special way. Therefore, to raise the effi-
ciency of separation of synthetic diamond grinding
powders synthesized with the use of ferroalloys,
the method of adhesive-magnetic sorting of dia-
mond grinding powders has been improved. The
proposed method provides for the surface treat-

80

ment of the grains of diamond grinding powders
by applying electrically conductive fine particles
and their adhesive fixation on the surface of the
diamond grains to create the required electrical
properties and conditions of the powder separa-
tion process in an electric field. To raise the effi-
ciency of separation of synthetic diamond grin-
ding powders synthesized with the use of ferroal-
loys, there has been developed a method for sepa-
ration of diamonds based on their surface defects
by selective application of electrically conductive
fine particles due to adhesion forces, their fixation
on the surface of powder grains (to enhance the na-
tural electric properties), which enables separa-
ting the diamond grains in an electric field into
several fractions and improving the selectivity of
their separation by strength characteristics. The
electrically conductive fine particles with a size
of at most 1000 nm are applied on the surface of
diamond grains at a concentration of these par-
ticles of at least 5%. As a result, it makes it possib-
le to distinguish diamond grinding powders with
increased strength. Hence, after the separation of
diamond grains, grades from AC125 to AC300,
in product No. 1, from AC125 to AC250 in pro-
duct No. 3, and from AC65 to AC200 in product
No. 6 have been distinguished.

Due to the separation by surface defect coeffi-
cient of grinding powders of diamonds with grain
size 400/315, which are synthesized in different
Fe—Co—C and Fe—Ni—C systems, the powders
with the final fractions (1 and 6) differing in
strength from 3.0 to 1.4 times and in heat resistan-
ce from 1.3 to 1.7 times have been obtained. The
powders obtained after sorting are characterized
by a high heat resistance and strength uniformity.

Fig. 3 shows the strength uniformity of grin-
ding powders of diamonds with grain size 400,315,
synthesized in Fe—Co—C and Fe—Ni—C systems.
It is seen that the diamond grinding powders dif-
fer 4.2—3.0 times for Fe—Ni—C system and 3.5—
2.4 times for Fe—Co—C system from the original
powders in terms of strength uniformity.

The research and production site for manufac-
turing the above-mentioned science-intensive pre-
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cision diamond dressing tools created at the NAS
of Ukraine (within the framework of R&D inno-
vative project) enables meeting the needs of the
machine-building enterprises of Ukraine, saving fo-
reign currency that otherwise would be spent for
the purchase of such tools, as well as attracting fo-
reign currency revenues to the NAS as a result of
entering the markets of other countries with such
an effective science-intensive tool. This has made
it possible not only to replace the imported tools
manufactured by CORUS (Switzerland), Shaundt
and Reishauer (Germany), and Tyrolit (Austria)
in Ukraine (Zorya-Mashproekt (Mykolaiv), PJSC
Hydyrosila APM (Kropyvnytskyi), and PJSC Odes-
sa Piston Rings Plant (Odesa)), but also to enter
the markets of Belarus (contract with JSC Bela-
rus Automobile Plant (Zhodino), Moldova (cont-
ract with JSC Moldova Metallurgical Plant (Ryb-
nitsa)), and Bulgaria (contract with Asenovgrad
Plant (Asenovgrad)). The innovative developments
aiming at improving the physical and mechanical
properties of high-strength diamonds, which have
been described herein, allow raising the perfor-
mance of this effective dressing tool.

Conclusions

1. It has been shown that the separation of
high-strength synthetic diamonds with grain size
500/400 and 250/200 in magnetic field of diffe-
rent strengths facilitates the production of grin-
ding powders that differ in the content of intrac-
rystalline inclusions, which leads to improving
the physical and mechanical properties: increase in
strength, strength uniformity, and heat resistance.
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2. It has been established that after heat treat-
ment at a temperature of 800 °C, for the diamonds
with a lower content of intracrystalline inclusions
due to reducing the internal stress in the diamond
crystals, there is reported a slight increase in the
strength of at least 5%. The thermal stability of dia-
monds of all studied systems decreases, as the con-
tent of intracrystalline inclusions in diamond crys-
tals increases.

3. It has been shown that as the content of intra-
crystalline metal inclusions in diamonds increas-
es, so does the rate of their oxidation increases in
the magnetic fractions.

4. The proposed methods for obtaining diamond
powders with a minimum content of metal inclu-
sions have enabled enhancing the corrosion resis-
tance of diamonds, increasing the resistance to oxi-
dation in the gas environment, and improving the
performance.

5. The innovative method for sorting the dia-
mond grinding powders synthesized with the use
of ferroalloys by grain surface defects has been de-
veloped. It has been shown that the physical and
mechanical properties (strength and heat resis-
tance) of the diamond grinding powders synthe-
sized in different Ni—Mn—C, Fe—Co—C, and
Fe—Ni—C growth systems, both before and after
high-temperature treatment, decreases 3—5 times,
as the content of intracrystalline impurities and
inclusions, especially metallic ones, in them increa-
ses more than twice. The use of such improved
diamond grinding powders allows raising the ef-
ficiency of high-precision diamond dressing tools.
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HOJITIMIIEHHSA EKCIITYATAIIIMHUX XAPAKTEPUCTUK
CUHTETUYHUX AJIMA3IB 1JI1 BUCOKOTIIPEIIM3INIHOTO
AJIMA3HOTIO ITPABJIAYOTIO IHCTPYMEHTY

Beryn. ITignpuemMcTBaM MammmHOOYayBaHHs YKpaiHu, 0COOJUBO ABUTYHOOYAIBHIM Ta aBialliitHuM, MOTPiOeH Mperu3iitHuii
aJIMa3HUil IpaBIsTYmii iHcTpyMenT. {Jist fioro eheKTMBHOTO BUKOPUCTAHHST HEOOXITHIM € 3aCTOCYBaHHs B HIX IMTOPOIIKIiB
CHHTETHYHOTO aJIMa3a BUCOKOI AKOCTI 3 KOHTPOJIbOBAHUMHU XapaKTEPUCTUKAMU TTOKA3HUKIB MIITHOCTI Ta TEPMOCTIHKOCTI,
a TAKOK TeOMETPUYHUX PO3MIpiB 3epeH.

IIpo6aemaTuka. CUHTETUYHI a/IMa3K CUHTE3YIOThCS B PI3HUX POCTOBMX CUCTEMAX, TOMY CYTTEBO PI3HATHCS 32 HASIBHICTIO
B HUX BHYTPITHbOKPHUCTAJIYHIX JOMIIIIOK i BKJIIOYEHb, & BIZITAK i 32 PI3HUMU BJIACTUBOCTSIMI.

Merta. [locizkeHH MOSKJIUBOCTEH MO (hi3UKO-MeXaHIYHIX BJIACTUBOCTEH aJIMa3HUX MITI(ITOPOIIKIB MIJISTXOM
eexTUBHOTO COPTYBAHHS 32 /Ie(heKTHICTIO TIOBEPXHi 3€PeH MLIi(PIIOPOIITKIB.

Marepiamu i Mmetoau. B anmasuux noporkax AC65—AC250 BusHauaau GizsuKo-MexaHiuHi XapaKTepUCTUKI: MIIHICTh
MIPU CTATUYHOMY CTUCHEHH], KoediIliEHT OHOPIAHOCTI 32 MillHICTIO, TEPMOCTIHKICTh Ta MUTOMY MarHiTHYy CHIPUHHSATINBICTb.
EnemenTtHuii ckiras 10MINIOK i BKJIIOYEHb Y TTOPOIITKAX BU3HAYATN PEHTIEHOMPIYOPECIIEHTHUM 1HTETPATbHUM aHATi30M 32
JIOTIOMOTOIO PACTPOBOTO €JIEKTPOHHOTO MiKpockorry «BS-340» ta enepromucrepciiinoro anamisaTopa peHTTeHiBCbKUX CIEKT-
piB «Link-860».

PegyabraTtu. [lokasano, 1o po3ijieHHs aTMa3iB B MAarHiTHOMY TIOJIi Pi3HOI HATIPY;KEHOCTi CIIPUSIE OTPUMAHHIO MITi(ITO0-
POIIKIB, SIKi PI3HATHCSA MiK 00010 32 BMICTOM B HUX JIOMIIIIOK i BKJIIOYEHD, a BifITaK i 3MIiHIOIOTHCS iXHi (hisMKo-MeXaHiqHi
XapaKTePUCTUKU. 3arajloM KPUCTAJIN ajIMa3iB BCIX CUCTEM, IO MiCTSATh MEHILY KiJIbKICTh JIOMIIIIOK 1 BKJIIOYEHb, MAIOTh BH-
1y MirHicTb. [[71s1 1ocarHeH s 1IbOTO 3/IIHCHIOETHCS CITelliaTbHe COPTYBAHHS NUTI(hIOpOmKiB anmasa. [lis 1poro ymocko-
HaJIEHO CIoci6 aAre3iifHO-MarHiTHOrO COPTYBaHHS aJMa3HUX NLTI(DIIOPOIIKIB, Ae TepeadaueHo 06pobKy TOBEPXHi 3epeH
MUTIIIOPOIIKIB MIJITXOM HAHECEHHST eJIEKTPOIIPOBIIHUX TOHKOAUCIIEPCHUX YACTHHOK 1 a/Ire3ilfHOr0 3aKPiNJeHHs iX Ha 110-
BEPXHi 3epeH ajiMasa JIJisl CTBOPEHHsI HaGyTHX €JIEKTPUYHIX BIACTHBOCTEN.

BucHoBku. 3acTocyBaHHS B iHCTPYMEHTI TaKMX CIPSMOBAHO TOJIIIIIEHNX aJMA3HUX MUTi(IIOPOIIKIB 103BOJISIE TTi/IBH-
MUTH ePEKTUBHICTD aJIMA3HOTO TPABJISTYOTO THCTPYMEHTY.

Kniouosi crosa: npennsiiinuii npasasyuil iHCTPyMEHT, NLTiGIOPOIIKY CUHTETUYHOTO alIMa3a, Ae(eKTHICTh MOBEPXHI CHH-
TETHYHOTO aJIMa3a, POCTOBI CHCTEMU CHHTE3Y, COPTYBAHHS, MOJIIIIIEHHS eKCIUTyaTallilfHIX XapaKTePUCTUK CHHTETHIHUX
aJMasiB.
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