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Description

[0001] The subject matter of the invention is a method
of manufacturing a cutting tool from a highly refractory
composite obtained from boron carbide and an interme-
tallic compound of the Ti-Si system, for use in the tool
industry.

[0002] From the Polish description of the application
oftheinvention PL437232 is known a method of obtaining
a highly refractory composite from boron carbide and an
intermetallic compound of the Ti-Si system, relaying on
mixing starting powders in the form of boron carbide B,C,
the intermetallic compound of the Ti-Si system and car-
bon C in an alcohol environment, forming shaped pieces
from the mixture of powders and subjecting them to sin-
tering, in which titanium silicide TizSi; and carbon C are
added to the boron carbide B,C powder, in the molar
ratio B,C:TigSi;:C of 5:2:1. Then, the whole is mixed in
the isopropyl alcohol environment for 20-60 minutes and
dried until the complete evaporation of the alcohol for
20-120 minutes, after which the shaped pieces are pre-
formed and subjected to isostatic pressing under a pres-
sure of 100-200 MPa. The achieved moulded pieces are
subjected to the free sintering process in argon atmos-
phere at a temperature of 1650-1750°C, with a temper-
ature increase of 2-10°C/minute and a holding time of
5-30 minutes at a maximum temperature, achieving the
TiB,-TiC-SiC-TizSiz composite consisting of 70.0-75.0%
of TiB,y, 0.5-2.5% of TiC, 20.0-27.5% of SiC, and
0.2-1.0% of TizSi; by weight. The efficiency of the proc-
ess is at least 99%.

[0003] It is known from the Polish description of the
application of the invention PL425041A1 a ceramic com-
posite of the group of UHTC materials with the matrix of
hafnium diboride HfB, and a method of manufacturing
thereof. The method is characterized in that the additives
in the form of silicon carbide SiC and/or boron carbide
B4C in the amount from 8% by volume to 20% by volume
and graphene nanoflakes having an average particle size
<4 nm in the amount from 2% by volume to 4% by volume
are introduced into the powder with hafnium diboride
HfB, in the amount from 76% by volume to 92% by vol-
ume and the starting mixture is subjected to high-pres-
sure sintering using the HPHT method under the pres-
sure of 7.2 GPa at the temperature of 1700+50°C.
[0004] It is known from the European patent descrip-
tion EP2021302 B1 a method of manufacturing high-den-
sity UHTC composites in the ZrB,-SiC-ZrC system. This
method is characterized in that zirconium powders hav-
ing a purity higher than 98.5% and a particle size less
than 44 um are dry mixed with boron carbide powder
having a purity higher than 99.0% and a particle size less
than 44 um, and then mixed with graphite powder having
a particle size ranging from 1 to 2 wm. The mixture thus
achieved is subjected to the SHS synthesis, and then
sintered using the Electric Current Activated Sintering
(ECAS) method at temperatures ranging from 1600 to
1900°C, with a holding for 10 to 20 minutes ata maximum
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temperature.

[0005] Itis known from the Chinese patent description
CN108484171B a method of manufacturing UHTC com-
posites from the B,C-ZrB, system. This method is char-
acterized in that composite powder is produced in the
sintering process of the mixture of powders of B,C, ZrB,,
carbon black and metallic silicon. The mixture of powders
is isostatically pressed under a pressure ranging from
100 to 500 MPa, and then freely sintered ata temperature
ranging from 1900 to 2300°C with a holding for 0.5 to 3
hours at a maximum temperature.

[0006] The purpose of the method according to the in-
vention is to increase heat resistance of a cutting tool
while maintaining high hardness.

[0007] The gist of the method of manufacturing a cut-
ting tool from a highly refractory composite obtained from
boron carbide and an intermetallic compound of the Ti-
Sisystem, relaying on mixing starting powdersin the form
of boron carbide (B,C), the intermetallic compound of the
Ti-Si system, carbon C and boron B in the isopropyl al-
cohol environment, forming shaped pieces from the mix-
ture of powders and subjecting them to sintering, relay
on that the highly refractory composite contains titanium
silicide TiSi or TiSi, as the intermetallic compound of the
Ti-Si system in the molar ratio B,C:TiSi/TiSi,:C:B of
1:2:3:1. The obtained TiB,-TiC-SiC-TiSi composite con-
taining titanium silicide TiSi has 60.0-65.0% by weight of
TiB,, 20-34% by weight of TiC, 5-14% by weight of SiC
and 0.9-1.0% by weight of TiSi, while the obtained TiBz-
TiC-SiC-TiSiz composite containing titanium silicide
TiSi, has 65.0-70.0% by weight of TiB,, 9.2-10% by
weight of TiC, 19.9-24.1% by weight of SiC and 0.9-1.0%
by weight of TiSi,. The sintering process of the formed
shaped pieces is carried out by the spark plasma sinter-
ing method SPS under the protection of argon at a tem-
perature of 1350-1450°C, with a temperature increase
of 200+-300°C per minute, with a holding time of 1+5
minutes and under the pressure of 50 MPa or by the hot
pressing method at a temperature of 1500-1550°C, with
the temperature increase of 10°C, with the holding time
of 30 minutes and under the pressure of 50 MPa.
[0008] The use of titanium silicide TiSi or TiSi, as the
intermetallic compound of the Ti-Si system in a highly
refractory composite made it possible to eliminate unre-
acted carbon formed as the result of the decomposition
of boron carbide (B4C) during the synthesis, while simul-
taneously achieving the largest possible amount of the
TiB, phase having the highest melting point (T=3325°C)
among the components of the composite and the TiC
phase (T=3140°C), which improved the refractoriness of
the produced composite, while simultaneously increas-
ing its hardness. The preferable phase composition of
the composite, i.e. the high content of TiB, and TiC phas-
es, compared to the composites known from the state of
the art and produced from boron carbide and an inter-
metallic compound of the Ti-Si system, allows the com-
posite according to the invention to work at high temper-
atures for a longer time while maintaining preferable me-
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chanical properties. On the other hand, the conduction
of the sintering process using the spark plasma sintering
method SPS under the protection of argon makes it pos-
sible to significantly lower the synthesis temperature to
1350°C, and thus reduce the costs of tools manufactur-
ing.

[0009] The obtained shaped pieces of cutting tool ob-
tained by the method according to the invention are char-
acterized by high hardness as measured by the Vickers
method and ranging from 25 to 40 (GPa) and can work
up to a temperature of 600-800°C at the edge of cutting
tool without the use of coolant in the form of water. The
proposed shaped pieces can be made with different ge-
ometry of the blade shape through mechanical working,
and their average density is up to 99.9%. The obtained
cutting tools are characterized in that they can be regen-
erated from 3-5 times by using the additive of boron and
carbon to the composition and re-sintering the obtained
shaped pieces by using laser treatment under the pro-
tection of argon or by mechanical re-working the shaped
pieces and removing damaged or deformed surfaces.
Due to the high abrasion resistance of the obtained com-
posites, the average friction factor can be determined at
the level of 0.4-0.5.

Example 1

[0010] The following powders were prepared to obtain
the composite: boron carbide B,C, titanium silicide TiSiz,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron, which consisted of
three phases: beta boron, boric acid and boron. Com-
mercial boron carbide B,C powder (Boron carbide B4C
GRADE HS by Héganas) containing the following phas-
es: B43C, (99%) and graphite (1%) was used. To produce
the TiSi, powder, the process of self-developing high-
temperature synthesis (SHS) was used, as described in
the publication by S. Rzepa, L. Chlubny, T. Bucki, "The
Ti - Si intermetallic phases synthesis by SHS method",
METAL 2018-27th International Conference on Metallur-
gy and Materials, Conference Proceedings, 2018, p.
1699-1704, according to which the powders of Ti and Si
were used in the molar ratio of 1:2. The mixture of pow-
ders was placed in a reactor with argon atmosphere un-
der the overpressure of 1.5 atm. The SHS synthesis re-
action was initiated locally by the heat released during
current flow, through a graphite foil placed in the mixture
of powders. The current intensity was 200 A, and the flow
time was 1 minute. The produced titanium silicide TiSij,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron were added to the bo-
ron carbide B,C powder, in the molar ratio B,C:TiSi,:C:B
of 1:2:3:1, and the whole mixture was then stirred in a
rotary-vibrating mill in the isopropyl alcohol environment
for 30 minutes, after which it was dried until the complete
evaporation of the alcohol for 30 minutes. The obtained
powders were preformed into disks having the diameter
of 25 mm and the height of 20 mm and subjected to iso-
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static pressing under the pressure of 200 MPa. The
achieved moulded pieces were subjected to the sintering
process by the spark-plasma method SPS in argon (Ar)
atmosphere under the protection of argon, at the tem-
perature of 1450°C, with the temperature increase of
300°C per minute, with the holding time of 5 minutes and
under the pressure of 50 MPa. The TiBz-TiC-SiC-TiSiz
composite containing titanium silicide TiSi,, obtained by
the method according to the invention, had the following
phase composition: 70.0 % by weight of TiB,, 9.2 % by
weight of TiC, 19.9 % by weight of SiC, and 0.9 % by
weight of TiSi,. The thus obtained moulded pieces of the
composite having the composition as above in the form
of the cylinder having the diameter of 20 mm and the
height of 6 mm were subjected to mechanical working.

[0011] The manufactured tool in the form of a multi-
blade plate having the RNGN1204 geometry, intended
for use in a cutting device, had high hardness of 40 (GPa)
as measured by the Vickers method, wherein during the
test it worked at the temperature of 650°C without the
use of coolant in the form of water. The obtained cutting
tools are characterized in that they can be regenerated
by using the additive of boron and carbon to the compo-
sition and re-sintering the obtained shaped pieces, it is
possible to use laser treatment under the protection of
argon or by mechanical re-working the shaped pieces
and removing damaged or deformed surfaces. Due to
the high abrasion resistance of the obtained composites,
the average friction factor can be determined at the level
of 0.5. The use of intermetallics and starting products in
the form of boron carbide (B4C), boron (B) and carbon
(C) confirms the occurrence of the reaction sintering dur-
ing the synthesis, which makes it possible to achieve a
density of the obtained composites at the level 0of 99.9%.

Example 2

[0012] The following powders were prepared to obtain
the composite: boron carbide B4C, titanium silicide TiSi,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron, which consisted of
three phases: beta boron, boric acid and boron. Com-
mercial boron carbide B,C powder (Boron carbide B,C
GRADE HS by Héganas) containing the following phas-
es: B13C,(99%) and graphite (1%) was used. To produce
the TiSi powder, the process of self-developing high-tem-
perature synthesis (SHS) was used, as described in the
publication by S. Rzepa, L. Chlubny, T. Bucki, "The Ti -
Siintermetallic phases synthesis by SHS method", MET-
AL 2018-27th International Conference on Metallurgy
and Materials, Conference Proceedings, 2018, p.
1699-1704, according to which the powders of Ti and Si
were used in the molar ratio of 1:1. The mixture of pow-
ders was placed in a reactor with argon atmosphere un-
der the overpressure of 1.5 atm. The SHS synthesis re-
action was initiated locally by the heat released during
current flow, through a graphite foil placed in the mixture
of powders. The currentintensity was 200 A, and the flow
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time was 1 minute. The produced titanium silicide TiSis,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron were added to the bo-
ron carbide B,C powder, in the molar ratio B,C:TiSi:C:B
of 1:2:3:1, and the whole mixture was then stirred in a
rotary-vibrating mill in the isopropyl alcohol environment
for 30 minutes, after which it was dried until the complete
evaporation of the alcohol for 30 minutes. The obtained
powders were preformed into disks having the diameter
of 25 mm and the height of 20 mm and subjected to iso-
static pressing under the pressure of 200 MPa. The
achieved moulded pieces were subjected to the sintering
process by the spark-plasma method SPS in argon (Ar)
atmosphere under the protection of argon, at the tem-
perature of 13 50°C, with the temperature increase of
300°C per minute, with the holding time of 5 minutes and
under the pressure of 50 MPa. The TiB,-TiC-SiC-TiSi
composite containing titanium silicide TiSi, obtained by
the method according to the invention, had the following
phase composition: 60.0% by weight of TiB,, 34% by
weight of TiC, 5% by weight of SiC and 1% by weight of
TiSi. The thus obtained moulded pieces of the composite
having the composition as above in the form of the plate
with the square base having the side of 20 mm and the
height of 6 mm were subjected to mechanical working.

[0013] The manufactured tool in the form of a multi-
blade plate having the RNGN1204 geometry, intended
for usein a cutting device, had high hardness of 38 (GPa)
as measured by the Vickers method, wherein during the
test it worked at the temperature of 650°C without the
use of coolant in the form of water. The obtained cutting
tools are characterized in that they can be regenerated
by using the additive of boron and carbon to the compo-
sition and re-sintering the obtained shaped pieces, it is
possible to use laser treatment under the protection of
argon or by mechanical re-working the shaped pieces
and removing damaged or deformed surfaces. Due to
the high abrasion resistance of the obtained composites,
the average friction factor can be determined at the level
of 0.5. The use of intermetallics and starting products in
the form of boron carbide (B,C), boron (B) and carbon
(C) confirms the occurrence of the reaction sintering dur-
ing the synthesis, which makes it possible to achieve a
density of the obtained composites at the level of 99.9%.

Example 3

[0014] The following powders were prepared to obtain
the composite: boron carbide B,4C, titanium silicide TiSiz,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron, which consisted of
three phases: beta boron, boric acid and boron. Com-
mercial boron carbide B,C powder (Boron carbide B,C
GRADE HS by Héganas) containing the following phas-
es: B43C, (99%) and graphite (1%) was used. To produce
the TiSi, powder, the process of self-developing high-
temperature synthesis (SHS) was used, as described in
the publication by S. Rzepa, L. Chlubny, T. Bucki, "The
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Ti - Si intermetallic phases synthesis by SHS method",
METAL 2018-27th International Conference on Metallur-
gy and Materials, Conference Proceedings, 2018, p.
1699-1704, according to which the powders of Ti and Si
were used in the molar ratio of 1:2. The mixture of pow-
ders was placed in a reactor with argon atmosphere un-
der the overpressure of 1.5 atm. The SHS synthesis re-
action was initiated locally by the heat released during
current flow, through a graphite foil placed in the mixture
of powders. The currentintensity was 200 A, and the flow
time was 1 minute. The produced titanium silicide TiSis,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron were added to the bo-
ron carbide B,C powder, in the molar ratio B,C:TiSi,:C:B
of 1:2:3:1, and the whole mixture was then stirred in a
rotary-vibrating mill in the isopropyl alcohol environment
for 30 minutes, after which it was dried until the complete
evaporation of the alcohol for 30 minutes. The obtained
powders were preformed into disks having the diameter
of 25 mm and the height of 20 mm and subjected to iso-
static pressing under the pressure of 200 MPa. The
achieved moulded pieces were subjected to the sintering
process by the hot pressing method at the temperature
of 1550°C, with the temperature increase of 10°C, with
the holding time of 30 minutes and under the pressure
of 50 MPa. The TiBz-TiC-SiC-TiSiz composite containing
titanium silicide TiSi,, obtained by the method according
to the invention had, the following phase composition:
65.0% by weight of TiB,, 10% by weight of TiC, 24.1%
by weight of SiC and 0.9% by weight of TiSi,. The thus
obtained moulded pieces of the composite having the
composition as above in the form of the cylinder having
the diameter of 20 mm and the height of 6 mm were
subjected to mechanical working.

[0015] The manufactured tool in the form of a multi-
blade plate having the RNGN1204 geometry, intended
for use in a cutting device, had high hardness of 40 (GPa)
as measured by the Vickers method, wherein during the
test it worked at the temperature of 500°C without the
use of coolant in the form of water. The obtained cutting
tools are characterized in that they can be regenerated
by using the additive of boron and carbon to the compo-
sition and re-sintering the obtained shaped pieces, it is
possible to use laser treatment under the protection of
argon or by mechanical re-working the shaped pieces
and removing damaged or deformed surfaces. Due to
the high abrasion resistance of the obtained composites,
the average friction factor can be determined at the level
of 0.5. The use of intermetallics and starting products in
the form of boron carbide (B4C), boron (B) and carbon
(C) confirms the occurrence of the reaction sintering dur-
ing the synthesis, which makes it possible to achieve a
density of the obtained composites at the level 0of 99.9%.

Example 4

[0016] The following powders were prepared to obtain
the composite: boron carbide B4C, titanium silicide TiSi,
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carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron, which consisted of
three phases: beta boron, boric acid and boron. Com-
mercial boron carbide B,C powder (Boron carbide B,C
GRADE HS by Héganas) containing the following phas-
es: B43C, (99%) and graphite (1%) was used. To produce
the TiSi powder, the process of self-developing high-tem-
perature synthesis (SHS) was used, as described in the
publication by S. Rzepa, L. Chlubny, T. Bucki, "The Ti -
Siintermetallic phases synthesis by SHS method", MET-
AL 2018-27th International Conference on Metallurgy
and Materials, Conference Proceedings, 2018, p.
1699-1704, according to which the powders of Ti and Si
were used in the molar ratio of 1:1. The mixture of pow-
ders was placed in a reactor with argon atmosphere un-
der the overpressure of 1.5 atm. The SHS synthesis re-
action was initiated locally by the heat released during
current flow, through a graphite foil placed in the mixture
of powders. The current intensity was 200 A, and the flow
time was 1 minute. The produced titanium silicide TiSi,,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron were added to the bo-
ron carbide B,C powder, in the molar ratio B,C:TiSi:C:B
of 1:2:3:1, and the whole mixture was then stirred in a
rotary-vibrating mill in the isopropyl alcohol environment
for 30 minutes, after which it was dried until the complete
evaporation of the alcohol for 30 minutes. The obtained
powders were preformed into disks having the diameter
of 25 mm and the height of 20 mm and subjected to iso-
static pressing under the pressure of 200 MPa. The
achieved moulded pieces were subjected to the sintering
process by the hot pressing method at the temperature
of 1500°C, with the temperature increase of 10°C, with
the holding time of 30 minutes and under the pressure
of 50 MPa. The TiBz-TiC-SiC-TiSi composite containing
titanium silicide TiSi, obtained by the method according
to the invention, had the following phase composition:
60.0% by weight of TiB,, 25% by weight of TiC, 14% by
weight of SiC and 1% by weight of TiSi. The thus obtained
moulded pieces of the composite having the composition
as above in the form of the square having the side of 20
mm and the height of 6 mm were subjected to mechanical
working.

[0017] The manufactured tool in the form of a multi-
blade plate having the RNGN1204 geometry, intended
foruse in a cutting device, had high hardness of 37 (GPa)
as measured by the Vickers method, wherein during the
test it worked at the temperature of 600°C without the
use of coolant in the form of water. The obtained cutting
tools are characterized in that they can be regenerated
by using the additive of boron and carbon to the compo-
sition and re-sintering the obtained shaped pieces, it is
possible to use laser treatment under the protection of
argon or by mechanical re-working the shaped pieces
and removing damaged or deformed surfaces. Due to
the high abrasion resistance of the obtained composites,
the average friction factor can be determined at the level
of 0.5. The use of intermetallics and starting products in
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the form of boron carbide (B4,C), boron (B) and carbon
(C) confirms the occurrence of the reaction sintering dur-
ing the synthesis, which makes it possible to achieve a
density of the obtained composites at the level 0of 99.9%.

Example 5

[0018] The following powders were prepared to obtain
the composite: boron carbide B4C, titanium silicide TiSi,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron, which consisted of
three phases: beta boron, boric acid and boron. Com-
mercial boron carbide B,C powder (Boron carbide B,C
GRADE HS by Héganas) containing the following phas-
es: B13C,(99%) and graphite (1%) was used. To produce
the TiSi powder, the process of self-developing high-tem-
perature synthesis (SHS) was used, as described in the
publication by S. Rzepa, L. Chlubny, T. Bucki, "The Ti -
Siintermetallic phases synthesis by SHS method", MET-
AL 2018-27th International Conference on Metallurgy
and Materials, Conference Proceedings, 2018, p.
1699-1704, according to which the powders of Ti and Si
were used in the molar ratio of 1:1. The mixture of pow-
ders was placed in a reactor with argon atmosphere un-
der the overpressure of 1.5 atm. The SHS synthesis re-
action was initiated locally by the heat released during
current flow, through a graphite foil placed in the mixture
of powders. The current intensity was 200 A, and the flow
time was 1 minute. The produced titanium silicide TiSi,,
carbon C in the form of P-803 technical carbon black
(Tuymazy) and amorphous boron were added to the bo-
ron carbide B,C powder, in the molar ratio B,C:TiSi:C:B
of 1:2:3:1, and the whole mixture was then stirred in a
rotary-vibrating mill in the isopropyl alcohol environment
for 30 minutes, after which it was dried until the complete
evaporation of the alcohol for 30 minutes. The obtained
powders were preformed into disks having the diameter
of 25 mm and the height of 20 mm and subjected to iso-
static pressing under the pressure of 200 MPa. The
achieved moulded pieces were subjected to the sintering
process by the hot pressing method at the temperature
of 1550°C, with the temperature increase of 10°C, with
the holding time of 30 minutes and under the pressure
of 50 MPa. The TiBz-TiC-SiC-TiSi composite containing
titanium silicide TiSi, obtained by the method according
to the invention, had the following phase composition:
65.0% by weight of TiB,, 20% by weight of TiC, 14% by
weight of SiC and 1% by weight of TiSi. The thus obtained
moulded pieces of the composite having the composition
as above in the form of the square having the side of 20
mm and the height of 6 mm were subjected to mechanical
working.

[0019] The manufactured tool in the form of a multi-
blade plate having the RNGN1204 geometry, intended
for use in a cutting device, had high hardness of 35 (GPa)
as measured by the Vickers method, wherein during the
test it worked at the temperature of 400°C without the
use of coolant in the form of water. The obtained cutting
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tools are characterized in that they can be regenerated
by using the additive of boron and carbon to the compo-
sition and re-sintering the obtained shaped pieces, it is
possible to use laser treatment under the protection of
argon or by mechanical re-working the shaped pieces
and removing damaged or deformed surfaces. Due to
the high abrasion resistance of the obtained composites,
the average friction factor can be determined at the level
of 0.5. The use of intermetallics and starting products in
the form of boron carbide (B4C), boron (B) and carbon
(C) confirms the occurrence of the reaction sintering dur-
ing the synthesis, which makes it possible to achieve a
density of the obtained composites at the level of 99.9%.

Claims

1. method of manufacturing a cutting tool from a highly
refractory composite obtained from boron carbide
and an intermetallic compound of the Ti-Si system,
relaying on mixing starting powders in the form of
boron carbide (B4C), the intermetallic compound of
the Ti-Si system, carbon C and boron B in the iso-
propyl alcohol environment, forming shaped pieces
from the mixture of powders and subjecting them to
sintering and mechanical working, characterized in
that the highly refractory composite contains titani-
um silicide TiSi or TiSi, as the intermetallic com-
pound of the Ti-Si system, in the molar ratio B,,C:Ti-
Si/TiSi,:C:B of 1:2:3:1, wherein the obtained TiBz-
TiC-SiC-TiSi composite containing titanium silicide
TiSi has 60.0-65.0% by weight of TiB,, 20-34% by
weight of TiC, 5-14% by weight of SiC and 0.9-1.0%
by weight of TiSi, while the obtained TiB,-TiC-SiC-
TiSiz composite containing titanium silicide TiSi, has
65.0-70.0% by weight of TiB,, 9.2-10% by weight of
TiC, 19.9-24.1% by weight of SiC and 0.9-1.0% by
weight of TiSi,, and the sintering process of the
formed shaped pieces is carried out by spark plasma
sintering method SPS under the protection of argon,
at a temperature of 1350=1450°C, with a tempera-
ture increase of 200+-300°C per minute, with a hold-
ing time of 1+5 minutes and under the pressure of
50 MPa or by the hot pressing method at a temper-
ature of 1500-1550°C, with the temperature increase
of 10°C, with the holding time of 30 minutes and un-
der the pressure of 50 MPa.
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