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The work is directed to increase the technological efficiency of hot-pressing process. The paper
describes the solution of the problems of hot-pressing technology, which is still relevant today and is
related to the profitability of technology. Based on the analysis of the kinetic equations of hot-pressing
processes, the authors identified and experimentally confirmed basic parameters that determine
efficiency of the process and quality of the obtained product. Experimental data presented in the
paper confirm that the use of specially designed thermal and electrical resistance materials in hot
pressure schemes allows significantly to improve sintering conditions. Consequently, the isotropy
degree of the composite materials properties is improved throughout its volume. At the same time,
the use of the developed thermal insulation materials leads to 70-80% reduction of energy capacity.

© 2021 Bull. Georg. Natl. Acad. Sci.

Hot pressing, diamond composite

Fabrication and application of new materials and
composites make it necessary to develop new
effective technologies of production. Due to a wide
range of properties, composite materials are widely
used in various fields of engineering.

The most applied classes of composites include
metal-ceramic and diamond composite materials
(DCMs). The quality and operational properties of
DCMs depend on both the composition of a
diamond-metal (the binder) and the technology of
its production.
of diamond-

The existing technologies

containing composite materials production differ

from each other by the time and temperature of the
sintering process and, by the pressure value.

Among various technological ways of DCM
sintering the most popular ones are vacuum
sintering, electro discharge sintering and hot-
pressing.

The fabricating structured material, isotropic
throughout its volume, requires a definite time
interval at optimal sintering temperatures. Expe-
rimental data and the practice of DCM production
with metal and ceramic-metal binders show that the
optimal sintering duration at Tsin¢ is 5-15 min in the

conditions of vacuum or protective environment.

© 2021 Bull. Georg. Natl. Acad. Sci.
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During pressure sintering (hot pressing), Tsint, may
decrease up to 0.5-2 min depending on P, but no
more.

Products fabricated by the method of hot
pressing are distinguished by their fine-grain size,
which is induced by relatively low sintering
temperature and short processing times. The lack of
hot pressing technology causes low productivity
and, consequently, high energy consumption,
limited size and geometrical shape of the product.

Some technical ideas about how to eliminate the
above-mentioned difficulties and thereby to
improve the technological effectiveness and quality
of the hot-pressing process are given in the present
paper with the aim of producing DCMs based on
metal and ceramic-metal binders. The paper
presents the results obtained during hot-pressing of
the composition — TiC—Cu-Ti—Ni, which is used as
a binder in the DCM. The content of TiC is not less
than 50% by weight, content of Ti is 22% by
weight; Tgne is 890°C and the working pressure
P =400 kg/cm?.

As is well known, diamond particles are
retained in the matrix as a result of mechanical
and/or chemical bonding [1]. Mechanical bonding
is achieved through cooling that follows the process
of hot pressing. Unlike metals, diamonds have a
very low coefficient of thermal expansion [2].
Diamond particles are squeezed by the scribing
matrix. The mechanical bonding depends on the
elastic and plastic properties of the matrix material.

Hot pressing is an effective method to fabricate
the segments of diamond tools. Metal-bond powder
can be densified at a lower temperature and a
shorter cycle of time by hot pressing required by
conventional sintering. Several mechanisms were
suggested to model the densification during hot
pressing [3,4]. An important factor is the density
since hardness and even more pronounced impact
strength of the binder decrease with the increase of
porosity [5].

Among the attempts to quantitatively describe
the density changes during hot pressing, we can
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note the work of Murray, Roger and Williams, who
relied on the Mackenzie and Shagtleworth’s theory
of sintering. They propose an equation describing

the densification during hot pressing.

dQ/dr=[ dQ/dt] ,  +3/4 Pt (1-Q) -

pts

— In1-Q,/1-q ~ 1 0.75P/n (1)
[dQ/dr]p+s — is the densification speed in con-

ventional process “pressing + sintering”, P — hot
pressing pressure, 1] — material viscosity at process
temperature, Qo — initial relative density of powder,

Q — the relative density after hot pressing.

In work [6] a mechanism of viscous flow during
sintering and an expression for viscosity was

suggested.
n=k-T/D-a=k-T/Dj-a exp Q/ (k'T) , (@

where D — is the self-diffusion coefficient; a — the
distance between atoms; k — Boltzmann constant;
T — temperature; Dy — pre-exponential factor;
Q — activation energy of self-diffusion.

Analysis of expressions (1) and (2) show that
the degree of densification in the process of hot
pressing of diamond-composite materials and thus
their properties mainly depend on the applied
(T) and,
therefore, on the viscosity n of the material under

pressure (P), process temperatures

sintering conditions. When obtaining a composition
containing diamond crystals, as is known, there is a
limitation on the pressure (hot-pressing tooling)
and temperature (degradation and graphitization of
diamond) of the process. Therefore, it is very
important that the maximum possible and permitted
P-T parameters are implemented in the entire
working volume of hot pressing. In other words, the
urgent task of hot pressing technology is to conduct
the sintering process in a gradient-free field as
much as possible. As is known, the effectiveness of
power consumed for the uniform and fast initial
heating of the sintered mass volume depends on a
number of characteristics and values. In our case,
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when specimens and equipment are initially heated
up by the current flow through them (direct-
resistant sintering), the power consumption of the
process depends on the electro-physical and
thermo-physical properties of materials used in the
electric heating circuit, on an electric circuit type,
and on the intensity of heat dissipation from the
heating zone. In other words, the pressing volume
is provided with maximum thermal insulation. This
formulation of the problem required the use of heat-
insulating materials of a given regulated electric
conductivity and a certain set of physical and
mechanical properties.

Fig. 1. Schematic diagram of a hot-pressing mold for
high-hardness composite materials.
a) standard scheme; b) the proposed scheme
1 — matrix, 2 — punches, 3 — sintered sample, 4 — heat-
insulating elements of electrical resistance.

We realized this circuit by using the so-called
thermo- and electro-insulating caps which were
placed between the punches and the specimen (Fig.
1.b). This method is borrowed from high-pressure
technique and is characterized by high efficiency [6].

The developed material for thermal insulation is
2A1,0; - SiO,

subsequently sintered in a

a graphite-mulita composition
compressed and
protective atmosphere at 1300°C according to a
specially developed technology. After selecting R
opt. for heat-insulating materials, it was possible to
substantially equalize the temperature field in the
sintered volume in all directions. Fig. 2 shows the
data of changing the value of absolute temperatures
along the height of the sintered sample. When hot
pressing is carried out according to the scheme
given in Fig. (1l.a) the temperature changing
corresponds to curve 1 in Fig. 2. On the other hand,
the temperature changing significantly differ (curve
2, Fig. 2) when using the heat-insulating gaskets
Fig. (1.b). The thermal gradient in the first case is
no less than 35-40°C with a sample height of 14 mm
that means the gradient is AT/h=2.5-3°C/mm.

The use of developed heat-insulating products
reduces the value of thermal gradients to 5-10°C by
14mm that means AT/h=0.5-0.7°C/mm. Equali-
zing of the temperature field helps to reduce the

anisotropy of the physical and mechanical proper-

t,°C
855 10
Lo £
850 z
845 -8
840 7
L 6
835
L 5
830
L 4
825 5
820 L5
815 |4
810 0
0 2 a4 6 8 10 12 14 16 h,mm

Fig. 2. Curves of the change in the temperature value (curve 1.2) along the height in the process
of hot pressing and the change in the hardness of sintered specimens of the TiC — Ti — Cu — Ni
composition along the height (curve 3.4).
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Fig. 3. Change in the consumed electric power for heating the working volume depending

on the set temperature for different schemes of assembly of hot pressing molds.

1 — curve according to Fig. 1a); 2 — curve according to Fig. 1b).

ties of the sintered composition (Fig. 2, cr. 3.4). The
developed scheme of the working cell makes it
possible to obtain samples with practically the same
hardness values (HRA) in the entire volume of
sintering (Fig. 2, cr. 4). It is very important that hot
pressing compounds relatively high
with

properties, which is problematic to this day.

produce

(compression axis) products isotropic
The use of heat-insulating heating elements in
hot-pressing schemes made it possible to achieve a

certain energy efficiency at specific temperatures
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(Fig. 3). The data indicate that using the described
developments, it is possible to reduce the electrical
consumption of hot pressing by 70-80%, which,
in our opinion, is a significant step towards
increasing the efficiency and profitability of the hot-
pressing process, especially of diamond-composite

materials.

The work has been carried out under the grant of
Shota Rustaveli National Science Foundation of
Georgia (Contract AR - 18 -1911).
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Asbsemsodpmbgmds

5033l 3m33mBoEoIMo dsLserol 3bgero §Bgbzom JomgdoLols
36m39Lb0L 9BIJGHMOMBIOL 535Egdol 3B

B. aomgsdy’, . megbgerodg™, 9. Fodmdg’, B. s3semodzoo”

“Bogs®oz9¢mml H946032960 “96039HLOAIA0; .,5Bsbgdobs s 3m03mBogorGHo dsbsengbob™ bsdgsbogtre
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Lsgdm@smb  dobsbos @gbgero §Bgbgol Ggdbmemaommo 3HmEglgdol gxgdGMGMdOL  Sdsmengds.
sefigmomos sbgaro fbgbgol Ggdbmermyosdo sMLGdMmO 3GMdrgdgdo, GMIgms gsENY3gdo
©OILSE SJBHMIEME0s ©5 FGgdbmemmyool MgbGdgEMdOl GsB39bgdgmsbss ©s9gdoMgdwmo.
3gbgeo §bgbzol 3GmEgligdol 30bgEoZMmo 2sbEMEgdgdOL sbsgrobol Lsgmdggmby sgGmMgdol
0096 350Mm339000¢0s ©d 9J3gM0ag6GMEsE EIELEAMOIOIMEOs ol doM0MSEO 35MAYGHMOO,
6HmIgembog  g9bs30MHmdgdI6 3GmEgbol 9539dGMOMdsLy ©s domgdmmo 3GmEmIGol bsmolbl.
LsdmBsmdo Hamdmepgbomo gdu3g®odgb@mmo 8mbsEgdgdo ssLdmmgdgb, M L3gEosE Mo
9940boemo mdm- s gugdddmijobsmmdols ddmbg dsbsgmgdols gsdmygbgds gbgero bgbgol bdgdgddo
0dgr3s b8esegdals 360d369wmabs gomdxmdglicog 3gabmdol 3oMmdgdo. Bglsdsdols, dorgml
3, 3emdsdo MOxmdglicogds 3Mmd3mbogom®o dsbsgrgdol mzolgdgdol 0BmEGMIMEmdOl bamolbo.
50539 ©MmL, 393mdsggdmemo mdMLsOBmEsEgom dsbaengdols 3sdmygbgds 0danggs LsBmsemgdsls 70-
80%-00> 99930l 3MmEglol 9bgMyMAGg350Mds.
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