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Abstract. The effect of heat treatment on the physical and mechanical properties of CVD
diamonds at both normal and high pressure is investigated. The results indicate that these
properties are significantly influenced by the structural characteristics of CVD diamonds.
Specifically, the hybrid material reinforced with black CVD diamond exhibits the highest thermal
stability, with a mass loss of only 0.9%. After heat treatment, CVD diamond samples lose between
17% and 48% of their initial weight, depending on their structure. The strength of the samples did
not change significantly before or after HPHT treatment, but decreased sharply (by approximately
18 times) after heat treatment in an argon environment at normal pressure.
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Introduction.

Diamonds produced by chemical vapour deposition (CVD) began to spread
rapidly in the early 1980s when it became possible to produce them on an industrial
scale. CVD diamonds are similar in properties to single diamond crystals. With
sufficiently pure reaction gases, the nitrogen content (the main impurity in natural
and synthetic crystals) in CVD diamonds can easily be reduced to 1 ppm. Growth
rates for different deposition processes can vary considerably and it is usually the
case that higher growth rates can only be achieved at the expense of a corresponding
loss in CVD diamond quality [1]. As an example, Figure 1 shows microelectron
images of fragments of the growth surface of 4x1 mm and 0.4 mm thick CVD
diamond wafers grown at different growth rates, taken with a JEOL JSM-6480LV
low-vacuum scanning electron microscope (SEM).

Today, polycrystalline single crystal CVD diamond films and wafers with
diameters exceeding 100mm and thicknesses ranging from microns to 1-3mm are
grown using the CVD process at temperatures of 700-1000°C and operating pressures
of 30-100 Torr.

Over the last 10-15 years, the development of the CVD process has made this
unique material available and in demand in many areas where the extreme properties
of diamond are required. One of the most important areas of modern CVD diamond
research i1s the development of technologies for the production of polycrystalline
diamond for tooling, in particular for the production of CVD reinforced components
of hybrid materials.
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Figure 1 - Images of fragments of the growth surface of CVD diamonds grown at
different growth rates

As you know, a hybrid is an object that combines the properties of other (two or
more) objects. In engineering, the adjective "hybrid" is used to emphasise systems
that contain different elements or processes [2]. The peculiarity is that the respective
elements are complete solutions and as a result of their combination new desired
properties are created.

At present, a new direction of superhard material production is being actively
developed - hybrid diamond based polycrystalline superhard composites [3]. In
particular, a hybrid diamond-based superhard material (trade name "Hybridite" [4])
has been created, which is a plate of mono- or polycrystalline CVD diamond encased
in a polycrystalline envelope of a heat-resistant diamond composite material
(DCTM). This combines the unique physical, mechanical and thermal properties of
CVD diamond with the high hardness, strength and heat resistance of a
polycrystalline shell of static synthesis diamond. The effectiveness of CVD diamonds
in tools is primarily determined by their physical and mechanical properties,
particularly strength and thermal stability, so knowledge of the strength properties of
CVD diamonds is of great scientific and applied importance.

The aim of this work is to investigate the effect of heat treatment on the physical
and mechanical properties of CVD diamond.

Main text.

In order to investigate the effect of heat treatment on the physical and
mechanical properties of CVD diamond, samples were taken both in the form of bars
and in the form of a 630/500 grit powder. The samples differed both in colour (light
and black bars, light and grey powder particles) and in structural perfection.

The colour of the CVD diamond samples was determined by their degree of
purity and structural perfection, which depend on the synthesis technology. The so-
called "black diamond" is a polycrystalline CVD diamond with a high content of
structural defects such as microtwins, dislocations and nanometre amorphous
domains [5]. These defects cause strong optical absorption in the so-called "black"
diamond, while graphite inclusions are absent. However, during vacuum annealing of
polycrystalline diamond, even if initially transparent, to temperatures above 1200-
1300°C, thin layers of crystallised graphite, several interplanar distances thick, can
form at the grain boundaries [6], which also leads to blackening of the material.
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To determine the strength of CVD diamond rods under uniaxial static
compression, samples measuring 1.0x1.0x0.4 mm were taken. The germinal side of
the bar was smooth (mirror) and the opposite (growth) side was rough (Figure 2).

.

Figure 2 — A CVD diamond bar measuring 1.0x1.0%0.4 mm.

A 0.02 mm thick copper foil was placed on the growth side to maintain plane-
parallelism.

Heat treatment of CVD diamond rods and powders was performed in a muffle
furnace in an argon stream at a temperature of T = 1150 °C for 600 s. This heat
treatment regime corresponded to the conditions of tool manufacture. This heat
treatment regime corresponded to tool manufacturing conditions.

CVD diamond rods processed under high pressure and high temperature
(HPHT) conditions were also studied — at 7.0 GPa and 1350 °C in a graphite medium
(grade C-3) for 60 s.

A WPM-1000 tensile tester was used to determine strength. The scale used in
the test was 0-500 kg. The destruction was carried out between two supports made of
VK2M hard alloy and the speed of the loading programme was 40 kg/s.

The obtained uniaxial compressive strength of CVD diamond rods is shown in
Table 1.

Table 1 - Uniaxial static compression strength of CVD diamond plates with
dimensions of 1.0x1.0x0.4 mm

CVD diamond sample | Crushing load, kN The type of destruction
Initial 1,7£0,2 When the critical CVD load is
reached, the diamond breaks into
small fragments
After HPHT treatment 1,7£0,2 Similarly
(p=7.0 GPa; T=1350 °C)
in a graphite medium

[Ticist TepmivyHOL 0,09+0,02 When the critical CVD load is
00pOoOKH B CTpyMi reached, the diamond breaks into
aprony (T=1150 °C) larger fragments
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From the above data it can be seen that the strength of CVD diamond samples,
both initially and after NRNT treatment, has not changed and after heat treatment in
an argon environment it has decreased dramatically (~18 times).

The strength of CVD diamond powders with a grit size of 630/500 was also
studied (Fig. 3).

Figure 3 - CVD diamond powder with a grit size of 630/500

As can be seen in Figure 3, the powders consist of light and grey grains. In order
to study the effect of the colour of the CVD diamond grains on their strength, they
were conditionally divided into "light" and "grey" grains.

The strength values obtained for uniaxial static compression of CVD diamond
grains are shown in Table 2. Before measuring the strength, the grains were
conditionally divided into "light" and "grey" grains.

Table 2 - Uniaxial static compression strength of CVD diamond with 630/500
grit (grain thickness (.23 mm)

Crushing load, kN
"Light" grains "Grey grains
Initial After heat treatment Initial After heat treatment
1,72 1,80 1,45 1,80
2,0 2,87 2,12 1,15
1,53 1,87 0,53 0,45
2,15 2,01 0,75 0,85
2,65 1,05 0,96 1,05
1,90 1,84 1,25 1,14
1,85 2,96 2,04 1,72
1,64 1,90 0,67 0,58
2,02 0,95 0,83 0,75
2,38 2,12 0,91 0,96
Average value of the crushing load, kN
2,0£0,2 1,9+0,5 1,2+0,4 1,0+£0,3

As can be seen from the data in Table 2, the average grain strength after heat
treatment remained practically unchanged.

The change in the mass of different CVD diamond samples after heat treatment
in argon current at a temperature of T = 1150 °C for 600 s is shown in Table 3.
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Table 3 - Weight change of CVD diamond samples after heat treatment in argon
current (T = 1150 °C; duration - 600 s)

Mass of the material, gx10~2 Ch .
ange in
Sample . after thermal o
initial mass, %
treatment
Light CVD diamond, size 6,20 — not
5x%0.8x0.8 mm (1 sample) determined
Balck CVD diamond, 2,74 2,68 2,2
size 4x1x0,3 Mmm (3 samples)
Yellow CVD diamond, 0,63 0,07 —88,9
size 1x1x0,4 mm
Light yellow CVD diamond 1,66 1,09 -34,3
(pieces)
CVD diamond powder, 2,03 1,72 -15,3
grit 630/500
Hybrid material 12,58 12,46 -0,9
(black CVD diamond +
polycrystalline diamond shell)

The most heat-resistant CVD diamond bars are black (weight loss ~2.2%).

When used to reinforce the insert, the weight loss of a CVD diamond after heat
treatment is reduced to 0.9%.

Conclusion.

Thus, the results of the study of the effect of heat treatment on the physical and
mechanical properties of CVD diamonds have shown that the latter depend
significantly on the structural characteristics of CVD diamonds. In particular, it has
been shown that the hybrid material reinforced with black CVD diamond has the
highest thermal stability, with a mass loss of 0.9% for these samples. CVD diamond
samples lose between 17 and 48% of their initial weight after heat treatment,
depending on their structure.

The strength of CVD diamond samples, both initially and after NRNT treatment,
remained practically unchanged, and after heat treatment in an argon environment at
normal pressure it decreased sharply (~18 times).
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Anomauia. B pobomi pozeniadaemovcs 6nius mepmiyHoi 00poOKu K npu HOPpMAIbHOMY, MAK i
npu BUCOKOMY MUCKY Ha @isuxko-mexaniuni eracmueocmi CVD anmazy Ilokasano, wo 6onu
cymmeso 3anedcams 8i0 cmpykmyprux ocooausocmeti CVD anmasy. 3oxkpema 6cmanosieHo, wo
HauoOibw 8UCOKY mepmMocmadiibHicms mae 2iopudnuti mamepian, apmosanuu wopuum CVD-
anmazom (black diamond). Bmpama macu ona yux spasxie cmanosuna 0,9%. 3pasku CVD-anma3zy
niciisi mepmiuHoi 0OpOOKU 8 3aNeHCHOCII 8I0 IX CMPYKmMypuU 6mpavaoms 8i0 HO4amKo8oi macu 8io
17 00 48%. Miynicmo 3pasxie CVD anma3sy sk euxiona, max i nicia HPHT-06pobku, npakmuyno
He 3MIHI08ANACA, A NIClA MePMOOOPOOKU 8 cepedosuwi apeOHy NPU HOPMALLHOMY MUCKY — DI3KO
smenwunacs ~18 pasis).

Kniouogi cnosa: anmas, ximiyne ocaodicents 3 2a3080i ¢hasu, mepmooopooKa, MiyHicme.
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