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Abstract

Relevance. Scientific and technological progress in diamond drilling is aimed at increasing productivity and reducing
the cost of the process. One of the crucial tasks of the last fifty years is to re-equip geological exploration and mining
operations with a more efficient tool. This has led to new trends such as the reinforcement of the cutting edge through
optimal processing methods, the use of hard alloys based on borides, nitrides and carbides, the use of natural diamond
raw materials, and since 1956, the use of synthetic diamonds. Progress in the production of synthetic diamonds allowed
making a breakthrough from fine-grained industrial powders consisting of type IIb crystals with a high content of
solvent metal inclusions to non-magnetic type Ib crystals of increased strength up to 2 mm in size. Since the main load
during operation is directed along the normal to the working surface of the installed crystal, it was decided to use
crystals of octahedral habit, which is associated with the anisotropy of the strength properties of diamond.

Purpose. Determination of suitability for the use of non-magnetic type Ib single crystals of octahedral habit as materials
for the production of drill bits.

Methods. The method for determination of the static strength for single-crystal substances at a constant load rate is
used.

Results. The process of diamond destruction under static load is experimentally studied. It was established that crystals
are susceptible to brittle fracture and the decrease in the size of fragments is reduced in proportion to the fracture force.
The dependence of the static strength of type Ib single crystals of octahedral habit on the length of the side face is obtained.

Conclusions. Crystals with an edge size greater than 1200 wm have a lower static strength value compared to smaller
crystals, the edge size of which varies between 1000...1100 um. Large single crystals of type Ib synthetic diamond of
octahedral um with size 1100,/1600 can be used to make drilling and dressing tools
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Introduction

In the process of manufacturing tools based on poly- or
single-crystal diamonds, it is important to know to what
extent the initial properties of the crystals will ensure
the operational characteristics of the tool. Notably, of all
types of diamond tools, the drill bit operates in the most
difficult conditions due to the heterogeneity of rocks, the
difference in loads during operation, and the lack of op-
erational monitoring of the condition of the cutting part.
The use of low-quality diamond raw materials in drill bits
leads to rapid wear of their diamond-containing matrix,
which, in turn, can lead to an increase in tripping opera-
tions during drilling and a decrease in its efficiency. That
is why the right choice of high-quality raw materials for
use in drilling tools is so important.

160 years have passed since the invention of the
first diamond drill bit in 1862. According to one version,
George Leschot requested 100 carats of diamonds, and
there are also two other versions of what was used for
this: round ballas diamonds or black industrial diamonds
of the Carbonado variety [1; 2]. The single crystals of the
diamond used for the production of the drill bit weighed
0.5...2 carats. Such drill bits were used until the mid-1950s.

The new trend was the use of small diamonds, this
innovation was aimed at reducing the cost of production
and simplifying the design. Crystals and their fragments
were arranged at the cutting face in one or more layers,
depending on the size. The main achievement of this de-
sign can be considered the absence of any arrangement
scheme and, accordingly, jewellery work on inlaid di-
amonds in the drill bit. Thus, the following diamonds
were used for the production of drilling bits: single-layer
40...60 pcs./carat, multi-layer 60...120 pcs./carat impreg-
nated with a volume distribution of 120...500 pcs. /carat [3].
The use of diamond industry waste in the form of powders
allowed achieving the desired result — an effective tool
with a low cost. After the discovery of kimberlite pipes in
Yakutia in 1954, heavy-duty powders made from colour-
less diamonds were used in the diamond drilling tools
manufactured in the USSR [2].

Therewith, the area of manufacturing and intro-
duction of synthetic diamonds was developed. In 1939,
the study by O.I. Leipunskiy was published in the journal
“Successes of chemistry”, which contained a diagram of
the thermal stability of a diamond. In 1953, the first batch
of 2,000 carats was produced in the Institute of Superhard
Materials using this technology [4]. In the second half of
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the 1960s, under the leadership of V.M. Bakul, a whole
series of tools was developed using synthetic diamonds
for industry, including in drill bits. During this period, a
large number of works were carried out in the following
areas: introduction of polycrystalline diamond inserts [5],
reinforced hybrid ACTM [6], reinforced superhard mate-
rials of the Slavutich type [7]. In cooperation with foreign
partners, technologies for using CVD diamonds were in-
troduced [8].

Recently, there has been an active transition to
the use of large artificial diamonds for the manufacture
of rock-breaking tools, which helps to increase stability
in operation. Synthetic diamonds of the appropriate qual-
ity not considerably but have a lower cost than natural
ones of similar sizes. In terms of physical and mechanical
strength, hardness and temperature resistance, such crystals
are not inferior to natural ones. Therewith, synthetic single
crystals have clear edges of the octahedron, or rhombic
dodecahedron, which, for its part, provides a considerably
higher cutting capacity during drilling than that of tech-
nical natural diamond raw materials.

This paper presents a study of the strength of large
single crystals of type Ib diamond with octahedral habit with
a size of 1.5...2 mm, obtained by the HP-HT temperature
gradient, and which are planned to be used in the future for
the manufacture of diamond dressing and rock-breaking
tools.

Materials and Methods

As a rule, single-crystal diamonds of natural or synthetic
origin are far from simple shapes or series of the cube-oc-
tahedron-rhombic dodecahedron type in their morphol-
ogy. Thus, rhombic dodecahedron face-blunting edges
can be present in crystals of octahedral habit, along with
vertex-blunting cube faces. Primary analysis of the mor-
phology of synthetic diamond crystals is carried out using
optical devices, the resolution of which is selected de-
pending on the size of the crystals under study.

The experimental batch consisted of 166 crystals.
The crystals had an octahedral habit, with defects of this
type: blunted vertices, blunted or double edges, growth
steps, and surface irregularities associated with the syn-
thesis method (Fig. 1). The initial inspection was carried
out using a Skydust biological microscope XSP-1406 with
a maximum magnification of 1200, equipped with a 5MP
digital set-top box.

Figure 1. Image of type Ib octahedral habitus crystals from the experimental batch with
an average edge length of a) 1.22 mm b) 1.36 mm
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The geometric dimensions of the crystals in the
experimental batch were measured according to the
enterprise standard. Thus, the length of the edges was
measured with a digital calliper manufactured by UKS,
DCzag81520773, since the specified device complies with
regulatory documentation and has a measurement accu-
racy of up to the second decimal place, and its error varies
within +0.01 mm [9]. To avoid the effects of hand trem-
or and unexpected distortion of measurements, which is
associated with the skew of the crystal during the mea-
surement process, a clamp with flat sponges was used. To
avoid damage to the crystals — the appearance of cracks
on the sides, an additional layer of technical velvet [10]
was placed between the steel sponges and the prototype
with sections of the corresponding rectangular shape.

Static strength was chosen as an evaluation cri-
terion for the physical and mechanical properties of dia-
mond powders in accordance with GOST 9206-80. Static
strength is defined as the maximum load at which partial
or complete destruction of the diamond grain occurs. To
study the static strength of grinding powders, it is recom-
mended to use the RMU-05-1 breaking machine, equipped
with a reverse for obtaining compressive forces and a binoc-
ular microscope. The publications also recommend using
DDA-33mp [11] as an automated alternative. Notably, the

maximum static strength of 100/80 powders varies in the
range of 245 N or less [12].

To determine the required fracture forces based
on materials from several sources [11; 13; 14], the ultimate
strength was estimated depending on the crystallographic
areas and type of load. The theoretical shear strength limit
according to Frenkel’s theory [11] for the crystallographic
area {111} is 120 hPa. According to the research data [15],
the strength of crystals considerably depends on their size
and perfection of structure. Thus, for octahedral habitus
crystals with a size of 2.5 mm, the compressive strength
limit is 8.9 hPa. Thus, based on theoretical information
and research results, it becomes obvious that the use of
RMU-05-1 and DDA-33MP is impractical since they cannot
give the necessary compressive force. It was decided to
conduct research on the FP-10 installation [16], with a max-
imum test force of 10,000 N, an error of +10 N.

The FP-10 unit is not intended for studying samples
of this type, and there are no appropriate means to ensure
coaxial compression. According to this, there was a need
to design and manufacture a special manipulator (Fig. 2).
The design of the manipulator, due to the ball joint in the
upper part, provides coaxial compression even if there is
a skew between the base plates.

Figure 2. Manipulator equipped with carbide supports

Installing the sample in such a manipulator is carried
out in several steps. Firstly, a layer of solidol is applied to
the surface of the lower support located in the lower screw.
Then a small piece of aluminum foil [16] of round or
square shape with a linear size of 5 mm is laid out on this
layer. In addition, a layer of solidol is applied to the foil,
on which the studied single crystal is fixed. The single
crystal is laid out with the largest side to the lower support

using an auxiliary optical device, namely MAGNIFIER
81007-B glasses with X4 magnifying glass [17]. After that,
the authors proceed to the preparation of the upper sup-
port, which is mounted in the upper screw. In the centre of
the working plane of the upper support, a layer of solidol
is applied, on top of which a piece of aluminium foil [16]
of a round or square shape with a linear size of 5 mm is
installed. The lower and upper screws are mounted in the



manipulator body. Using the upper movable piston of the
clamp, the upper support is mixed until it touches the sur-
face of the single crystal, and the movement of the upper
carbide support using the viewing window is controlled.

Results and Discussion

As noted in the methodological part, the initial examination
was carried out using an optical microscope. The review
resulted in a number of images (Fig. 1), based on which the
following conclusions were made: there is no mechanical
damage on the crystals, the crystals have shape and sur-
face defects. No cracks were found on any of the crystals,
which could have occurred as a result of their extraction
from the melt-solvent matrix. The blunting of the ver-
tices associated with the presence of the cube’s habitus
shape was taken as a minor defect since the width of the
blunting of the vertex did not exceed 3...5% of the edge
length. The blunting of the edges or their visual doubling
is caused by the presence of the habitus shape of the do-
decahedron, which in its width did not exceed 0.5...1%
of the edge length and in some cases amounted to 1...1.5
microns. This defect also cannot considerably affect the
static strength values of single crystals.

The influence of growth steps and surface defects
could affect the plane-parallelism of the faces, thereby
causing a skew during loading and causing an error in mea-
suring the static strength value. To measure this value, a
digital multi-turn indicator with an accuracy of 0.0001 mm
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Etopoo micrometre RS232 was used between the support
and pressure faces. Studies have shown that the change
in the value of plane parallelism associated with growth
features and defects on the surface of the faces is not con-
siderable and does not affect it, the crystals did not have
considerable height differences at any point, this differ-
ence was within the measurement error of the research
equipment, so the influence of this type of defects on the
static strength value was also not considered.

In the next stage, according to the regulatory docu-
mentation [18], 5...10% was selected from the batch, which
is 10 pieces in the case of the study. Geometric dimen-
sions, namely the length of the edge, even for one sample
could vary within 0.6...2.1 mm, so it was decided to take
the average value for five measurements as the calculated
value. The value of the edge size of the Octahedron was
calculated using the formula (1):

a1+a2+a3+a4+a5
- 5

)

a

where a, a,, a,, a,, a, — measurement values of the octa-
hedron edge.

The fracture pattern of all samples of the selected
group was brittle. Complete destruction of a single crystal
into small fragments occurs almost instantly. Notably, for
crystals that collapse under a load of 2,000...10,000 N, the
size of the fragments decreases (Fig. 3).

Figure 3. Artificial diamonds destroyed as a result of an experiment to determine the static strength a) 2150 N, b) 1850 N

Static strength according to DSTU 3292-95 is the
force at which the crystal is destroyed. The values of critical

load at which experimental type Ib single crystals of octa-
hedral habit are destroyed are shown in Table 1.

Table 1. Results of tests to determine static strength

No. Edge length a, mm Force, N Fracture pattern
1 1.02 5,000 Brittle, completely destroyed
2 1.03 5,150 Brittle, completely destroyed
3 1.06 2,150 Brittle, split in half
4 1.10 5,100 Brittle, completely destroyed
5 1.19 4,100 Brittle, completely destroyed
6 1.22 1,850 Brittle, completely destroyed
7 1.36 3,500 Brittle, completely destroyed
8 1.48 1,850 Brittle, completely destroyed
9 1.50 4,400 Brittle, completely destroyed
10 1.67 3,950 Brittle, completely destroyed




Scientific Herald of Uzhhorod University. Series “Physics”. 2021;(50):25-30

Based on the data in Table 1, the graph on the dis-
tribution of the critical compressive load or static strength
from the size of a single crystal was designed (Fig. 4). Ev-
idently from Figure 4, the data spread is significant. The
crystals that showed the greatest breaking force have the
side face length in the range of 1...1.1 mm, and the static
strength decreases with increasing size. However, even in
the range of 1...1.1 mm, there is a crystal with low mechanical

properties, which could not be explained by conventional
examination using optical devices. Therefore, for type Ib
crystals of the same habit, an additional method of quality
control is required, which would allow evaluating the qual-
ity of crystals by a non-destructive method and distributing
such crystals into groups for premium tools and second-
class tools.
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Figure 4. Dependence of static strength on the edge length of type Ib diamond single crystals

Conclusions

Summarising the above, it is worth noting that all large
single crystals of type Ib synthetic diamond with octahe-
dral habit size 1100/1600 can be used for the manufacture
of drilling and dressing tools since they have high static
compressive strength. However, experiments have shown
that crystals obtained by the HP-HT method have strong
differences in the value of static strength even for crystals
of the same size. It has also been experimentally demon-
strated that in the original crystals without additional

thermal or chemical treatment, the static strength begins
to decrease with increasing crystal size. That is, crystals
of 1200 um or more already have a lower value of the
critical fracture load than crystals linear size of which
is in the range of 1000...1100 um. The issue of additional
quality control remains open, since type Ib crystals dif-
fer considerably in their physical properties and chemical
composition from typical diamond powders currently used in
drilling and cutting tools.
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3ajiexHicTh CTATUYHOI MIiIJHOCTi KPYITHUX MOHOKpHUCTAIIB asiMa3y Tuiry Ib
OKTaeApUYHOrO0 rabiTycy BiZl iXHbOTO PO3Mipy

Makcum Onekcanzposud Lucap?, Anarosniii [lerpoBuy 3akopal,
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AHoTaIia

AxTyanbHicTb. HaykoBO-TeXHIUHMI MPOrpec B arMa3HOMY OYpiHHI CIPIMOBAHO Ha MiZIBUIEHHS MPOAYKTUBHOCTI
Ta 3MEeHIIeHHd BapTocTi mpoiecy. OZHUM 3 aKTyaJIbHUX 3aBJaHb OCTaHHI IWATZECAT POKIB € mepeo36poeHH:S
re0JIOTOPO3BiAyBaJIbHUX i BUAOOYBHUX POOIT epeKTUBHIIINM iHCTPYMEHTOM. Y 3B'A3Ky 3 UMM OYJIH BiZKpUTI HOBI
HampsMU, TaKi AK 3MilHEHHS PiKy40i KDOMKHU 3a PaxyHOK ONTUMATbHUX METOZAIB 06pOOKY, BUKOPHUCTAHHSA TBEPAUX
CIIaBiB Ha OCHOBi 60puUAiB, HITPUAIB i Kap6iziB, BUKOPUCTAHHA IPUPOSHOI aIMa3HOI CUPOBHHMY, a 3 1956 BUKOPUCTAaHHSA
CHHTETUYHUX aiMasiB. [[porpec y BUpOOHUIITBI CHHTETUYHHX aIMa3iB 03BOINUB 3pOOUTH PUBOK BiJ IpiGHO3epHUCTHX
TEXHIYHUX MOPOIIKIB, IO CKJIA/IAI0ThCA 3 KPUCTaIB THITy 1Ib, 3 BeITMKMM BMICTOM BK/IIOYEHb METATy-PO3YMHHUKA /10
HeMarHiTHUX Kpucraiis tumy Ib mizBumenoi minHocTi po3mipom 0 2 MM. OCKIBKY B TIpoIieci eKCIuTyaTaliii OCHOBHe
HaBaHTAKEHHS CIIPAMOBaHEe 110 HOpMaJi 0 pobo4yoi IOBEPXHi BCTAHOBJIEHOIO KpHUCTalIa OYsI0 MPUMHATO PillleHHA
BUKOPHUCTOBYBATH KPUCTAJIU caMe OKTaeZpUYHOro rabitycy, 1o MoB'sa3aHO 3 aHi30TPOII€I0 BIACTUBOCTEN aaMasy
MIITHOCTI.

MerTa. BusHaueHHsI IPUJATHOCTI Y BAKOPUCTaHHI HEMarHITHUX MOHOKPUCTAJIIB OKTaeZIpUIHOro rabitrycy tumy Ib sk
CUPOBUHU 11 BAPOOHUIITBA OYPOBUX KOPOHOK.

MeTozu. BukopucTaHo MeTO/ BUSHAUEHHS CTATUYHOI MilIHOCTI /1 MOHOKPUCTAIIYHMX PEUOBHH 3a CTaJIO1 IIBUKOCTL
HaBaHTaXeHH.

PesynbTaTn. EKCiepuMeHTaNbHO AOCIIPKEHO IIpollec pyHHYBaHHA ajMasiB IIpH CTaTUYHOMY HaBaHTaXKeHHI.
3’1COBaHO, 1[0 KPUCTAIU PYHHYIOTHCS KPUXKO i 3MEHIIIEHHA PO3MipiB Y/IaMKiB 3MEHIIYETHCA MPOIMOPIIHO 3yCUILITIO
py¥iHyBaHHsA. OTPpUMAaHO 3aJ€KHICTh CTATUYHOI MII[HOCTI Z/IsT MOHOKPHUCTAIIB OKTaeApUIHOTOo rabitycy tumy Ib Big
JOBKUHU GiYHOI rpaHi.

BucHoBKU. KpucTanu 3 po3amipom pebpa 6imbinum 3a 1200 MKM, MatOTh OUTbIIT HU3bKe 3HAUeHHS CTaTUYHOI MIITHOCTI,
MIOPiBHAHO 3 KPUCTaJaM{ MEHIIOTO PO3Mipy, po3Mmip pebpa KOTpux 3MiHIOETbcsA B Mexkax 1000..1100 mxm. Kpymai
MOHOKPUCTa/IM CHHTETUYHOTO anmasy Tty Ib oktaegpuynoro rabitycy poamipom 1100,/1600 MoKHA BUKOPUCTOBYBAaTH
[UIs1 BUTOTOBJIEHHA OYPOBOTO Ta MIPAB/IAYOr0 iIHCTPYMEHTY

KirtouoBi ciioBa: cunTeTHyHUl anmas tumy Ib, aamasHuii 6ypoBuil iHCTPYMEHT, re0J0rOpO3BiAyBaibHi poboTH,
¢disuko-mexaHivHi BractuBocti, Metog HP-HT TemMnepaTypHOro rpazieHTa



