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Abstract

The TiB-Cu cermets with predominant concentration of Souget TiB, (from 45 to 90vol.%)
were fabricated using elemental powders by meansSHS (self-propagating high-
temperature synthesis) process and simultaneoustgifted by p-HIP (pseudo-isostatic
pressing technique). The heat released during yhigkbthermic SHS reaction was “in situ”
utilized for sintering. The combustion occurred re¥er 50vol.% Cu dilution. According to
XRD metallic copper binder was formed in those a#emn whole range of investigated
compositions. The TiBvolume fraction significantly influenced the propes of fabricated
materials, especially grain size and hardness. Bothaverage grain size and hardness
significantly increased with TiBcontent, so the maximum value of 18GPa was meagare
TiB2-5vol.%Cu composite. Coarse grains of 8din size were observed for this composite
while TiB,.based submicro-composites were forni@d40-50% of Cu where the average
grain size did not exceed Qui. The Vickers hardness of 16-18 GPa obtained éomets
containing from 85 to 90vol.% of TBand no radial cracks in Vickers hardness testqaov
that in term of hardness and fracture toughnessdahgosites might be competitive to WC-
Co cermets.
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1. Introduction

Due to excellent thermal and electrical conductivibpper based composites are attractive
for many applications. Indeed, considerable efferbeing devoted to the development of
materials with significant copper content [1-7] fapplications in petrochemical and
electronic industry [4, 6, 8] as well as in aeraspawvhere the ability to remove heat and
retain sufficient strength is of critical importan{9, 10]. Development of such composites
with high conductivity and also high strength cam &chieved by uniformly distributed
ceramic materials such as oxides, borides, carladdsnitrides [2, 4, 5, 11-13] or silicides
[14]. Especially TiB, due to extremely high stiffness and hardnessqQBX0) [3, 10, 15, 16],
ultra-high melting point (322&) [3, 17] and the best among borides and carbimeb
thermal and electrical conductivity (66W/mK) [3,]18 suitable candidate for Cu-matrix
composite [7, 11, 12, 19-21]. Indeed, HBu cermets formed by dispersion strengthening or
precipitation hardening are leading candidates dach applications where an excellent
combination of high thermal and electrical condutti and high-temperature mechanical
strength is required [1, 15, 22]. Moreover, TiB expected to enhance wear, abrasion and
erosion resistance in harsh corrosive environm@tss, 21, 23]. Such combination of
properties makes TiBan attractive precipitant material for copper-loasemposites applied
as electrodes [12], motor brushes and sliding ad®{d 8, 22] or for marine engineering [24].
On the other hand, predominant ratio of superhaB3 & expected to significantly enhance
hardness, and then entirely new applications iringuttools technologies or precision
machinery could be possible [17, 25]. Perhapsntimaber of possible applications is much
larger, depending on Cu concentration and applieethad which both affect the
microstructure and the properties of fabricatedemalts.

Considering phase stableness, Cu is the most kuitabhdidate as a matrix phase for FiB
based cermets. Such elements as Co or Ni whiclc@remercially used in WC sintered
carbides technology, are unsuitable as matrix phas&iB,-based cermets, because it was
already proven that both nickel and cobalt areabistin contact with TiB[19, 20]. Contrary
to those systems, both high-strength and high-takconductivity TiB-reinforced Cu-matrix
composites were successfully fabricated [1, 3].

The TiB,-Cu wear resistant coatings fabricated by lasehnelogies [2, 8, 21], or CVD
process [24] were reported successful in surfacdeming. The Cu-based bulk composites
with TiB, formed by precipitation or dispersion strengthgnwere studied several times,
using different technologies, sometimes in compbegcesses, such as ball milling and
subsequent annealing [9, 22, 25], hot pressing P38, or hot pressing preceded by
mechanical alloying [1, 10], melting and “in sitaynthesis [15], casting process combined
with electromagnetic stirring [12], spray formingopess combined with melting and hot
extrusion [3, 11], pressureless infiltration [23]melting and gas atomizing [14], sometimes
also combined with hot pressing [5]. The combustgnthesis was also applied to fabricate
TiB,-Cu composites containing 40 wt.% of Cu as desdribg Xu et al [4]. In order to
achieve high strengthening effect, volume ratiosath superhard compound has to be
increased. Fabrication of Cu-TiBomposites with maximum 70% of TiBby combustion



synthesis was reported by Kwon et al.[26]. Howetlezse researchers were focused rather on
bonding with Al core and the hardness of FBu composites was not reported.

The purpose of the present research is to investmaantitatively the strengthening effect of
TiB, precipitated in Cu matrix and to supply full chdeaistics of TiB-Cu cermets in wide
range of TiB content, from 45 to 90vol.%. Such composites apeeted to reveal not only
great thermal and electrical conductivity, but absccellent strength, hardness and wear
resistance. Since the mechanical properties of ositgs are determined by size, shape and
amount of precipitates, the effect of compositiom microstructure refinement is also
analyzed, as well as mechanism of fracture, eslhesiacomposites exhibiting high hardness.
The SHS, proposed in this study, has also sometaliimns, related to sample size,
exothermicity, deviation from adiabatic conditicensd concentration of reacting components
[27]. Indeed, the effect of significant concenwatiof diluting Cu (up to 50vol.%) on
combustion in SHS, was investigated.

2. Experimental procedure
2.1. Preparation for synthesis

The composites described in this paper were faedcasing commercial elemental powders:
Cu (1-fum, 99.9%, Atlantic Equipment Engineers), amorphBy®.8um, 95-97%, Japanese
Metal Service), and Ti (45um, 95%, Osaka Titaniveehinologies Co.). In order to complete
the B conversion during such rapid SHS reactionexideeded the amount corresponding to
TiB, formation, with 5vol.% of Ti-addition excess inetfigreen compacts”. It means that
intended concentration of TiBafter SHS corresponded to the range from 45 t@lO®e.
Since TiB was predominant component of investigated compesite samples are referred
to as TiB-xvol.%Cu, with “x” corresponding to binder contefiom 5 to 50vol. %
respectively. The powders were mixed in Teflon jging 2-propanol as a liquid medium,
and g5mm Zr@milling balls in 40 cycles, (1 minute each) usiagoratory planetary mill.
The alcohol was patrtially evaporated on a heatiatepat 343K and then the powders were
dried for 2h in a vacuum furnace at 573K. Afterwardch powder was pressed in a steel die
under a pressure of 550MPa, and then compacts ahi®0in diameter and 30 mm in
thickness were obtained. Fabricated compacts weeel dgain at the same conditions as
those described above. The compacts were covetbdavarotective graphite sheet, and then
inserted into a steel can. Additionally, silicorrlmde powder was used in order to separate
the compact from the steel can. In order to ensugd vacuum atmosphere inside the
experimental device, the air was pumped out froemiiicuum chamber for 30min and then
can was closed under a pressure of 176MPa in theunachamber.

2.2. The SHS-P-HIP device and process parameters

Samples were simultaneously synthesized and sthiesang the SHS-pseudo-HIP method
under vacuum of 10 Pa. The steel can containingpestrwas coiled with heating element
and then inserted into a steel die. The schemeevicd installed in the press mould was
described in the previous paper [19]. Dried sand wsed as both a pressing medium and
electrical insulator. The mould parts were sepdréitem sand with paperboards, while steel
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mould was covered wrapped with a heat-insulatimgglwool. The press mould was inserted
into a vacuum chamber and put on a pressing machhme air was pumped out for 1 hour
before experiment. Then steel can with sample vesgeld with a rate of 20K/min, to the
ignition temperature of the SHS reaction. The tenapee of the bottom of the steel can
containing the “green compact” was measured usitypeK thermocouple. The temperature
profile during the process is discussed in se@idn When the onset of the SHS reaction was
detected, pressure was increased from an initlakvaf 30-35 MPa to 192 MPa and held for
5 min. Samples were taken out after cooling, atléahours after synthesis.

2.3. Characterization of the materials

The phase composition of the investigated comp®sii@s determined using XRD technique
combined with Rietveld analysis. Both high resalntioptical microscopy (Keyence VHX
1000) and FE-EPMA (Jeol JXA-8530F) were appliedfocrostructure observations; EDS
technique was applied in order to confirm the cloamcomposition of phases distinguished
by XRD. The average grain size as well as graie siwtribution were determined using
planimetric method. The relative density was meassioy hydrostatic (Archimedes) method
in compliance with ISO 1183-1 [28]. The mechanigadperties were evaluated by Vickers
hardness tests according to ISO 14705 standardy2®ig different diamond indenter load of
300g and 1kg, while for the fracture toughnesswatadn high load of 10kg, 30kg and 50kg
was also applied. The fracture behavior of the awsiips was investigated by the
microscopic observations of imprints created bymdiad indenter during Vickers hardness
test. The strengthening effect of FiBn the toughness was evaluated by MOR test, msedulu
of rapture was determined using Instron 5584. Tmoidt bending was carried out with
rectangular samples 2.5x5.0x25.0mm with outer dpagths of 21.0mm using crosshead
speed of 0.2mm/min, based on the procedure dedcnibASTM: C1161 - 02cstandard.
Testing forces were applied with an electromeclanésting machine with a load capacity of
100KN.

3. Results and discussion
3.1 Exothermic aspects of synthesis

The synthesis of TiBCu cermets using the mixture of elemental comptsens initiated by
external heating element and then self-propagateda highly exothermic reaction involved
to TiB, combustion synthesis. The onset of the SHS reacias recognizable by sudden and
rapid temperature peak (Fig. 1).

Based on the temperature records it can be asstiratthe onset of SHS reaction occurred
above 708C and the maximum temperature of over P®as reached in a few seconds, as
is indicated on the derivative curve. Despite treximum temperature during the process did
not exceeded 1200, locally several hundrelC higher temperature is expected inside the
compact. Such conditions indicated that copper withmelting point of 108C was melted
when the combustion reaction occurred, and cryzssibn while cooling. In case of
composites the exothermicity depends on composiBonadiabatic temperature decreases,
depending on TiBvolume fraction, starting from 3190K [19] for 0% dilution, based on
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literature data. When the concentration of JiB 70, 60 and 50vol.% the adiabatic
temperature reaches 2843K, 2652K or 2284K, respayti[26]. However, the adiabatic
temperature describes the maximum temperaturedi@batic conditions, which cannot be
ensured in the experimental device, especially wdqgplying high pressure simultaneously
with the combustion synthesis, indeed the temperaturing synthesis measured in the steel
can covering reacting compact was much lower thagoretical one. Based on the
temperature records it can be assumed that thaesiatof TiB-Cu composites can be carried
out in relatively simple device despite extremadltyhhexothermicity of TiB synthesis.

3.2 Phase composition and microstructure

According to XRD pattern, only two phases (7iBnd elemental Cu metal binder) were
proved in each sample (Fig. 2).

Such data is consistent with the results reportedibdina et al.[6] who fabricated similar
composites by high energy mechanical milling, othevestigations on combustion
synthesized TiBCu composites reported by Xu et al.[4], as well taermodynamic
calculations. The amount of Cu depended on theeobrih the “green sample”. None of
unfavorable binary compounds, i.e.JTi reported by Y. J. Kwon et al.[26], were detecie
those materials. Contrary to reference investigatidine boron precursor was used in this
study (amorphous boron @), which could be useful in reaction completendéshe
reaction of Ti with boron is uncompleted, titanivmay react with Cu and form intermetallic
binder. Therefore, the specific area of non-metgitecursor determining whether the process
can proceed with high efficiency is of significamtportance for carbides or borides synthesis
by means of SHS. Due to high melting point of bof@80CC), formation of boride involves
reaction with Ti which is initiated on the surfageboron grains. Such reaction which results
in TiB or TiB, formation is strongly exothermic, therefore thatheleased from the product
is used in turn in order to propagate the SHS i@aclt is expected that finer boron precursor
can ensure not only higher contact area when tbeeps starts but also high efficiency
synthesis of TiB when boron is soluble in partially melted metai, @u). Similar effect of
precursor grain size on the reaction effectiverveas discussed in the previous study [30].
The average grain size of Ti precursor is not agomant, as for high melting point B,
because in this case, unreacted Ti melts due toréleased from highly exothermic reaction.
However, broadening of peak in positiof @bout 42° observed for materials with 40 and
50vol.% of Cu may indicate that small amount of wiis soluble in Cu matrix. The 6wt.%
solubility of Ti in Cu is possible, according togse equilibrium diagram [31]. The Rietveld
method analysis combined with XRD pattern reved@tl of Cuo7Tig03for sample with
content of TiB2 reduced to 45vol.%. Such small entiation (2vol.%) is very close to XRD
detection limit. This is why such compound could be detected in samples with smaller Cu
content. It can be also observed that intensitymain peaks originated from Cu do not
increase linearly with the Cu content in the conmess That effect is especially visible for the
range of 30-60 vol.% of TiB However, it has to be considered that not oné/ ¢hemical
composition, but also the grain size of crystadlitetermines the intensity in XRD pattern.
That effect is fully justified, because broadenedaks are observed on the pattern
corresponding to sample containing the highest @aination of Cu matrix. Therefore, small
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size Cu crystallites are expected for this compodihis result meets the expectations, since
formation of TiB diluted by significant amount of Cu caused siguifitly reduced heat
effect, which resulted in very limited grain growtihile cooling down.

The concentration of TiBinfluenced significantly the densification (Fig), &s well as the
grain size (Fig. 4). Considering the relative dndiest effect of densification was achieved
for the composites with 65-75% of TiBoecause the relative density is very close to dha
theoretical one. The porosity increased to 6-8% nwtiee TiB content increased to 85-
90vol% of TiB,, as well as when the amount of FBas significantly reduced to 55-60vol%.

The data of relative density are approximately tast with the observed microstructure
(Fig. 4). Darker phase corresponds to ;lihile the Cu forms light gray matrix. Since the
relative density is very high, almost no porossgyobserved, especially in composites with
fine grains in the microstructure.

Small porosity can be observed in the compositesagaing very high concentration of TiB
(80-90vol.%) and the pores look like small blacklusions, especially on the TiBnatrix
interface. Such porosity could not be avoided whkiteploying “in situ” reaction combined
with densification by HIP. Contrary to conventiote@thniques of densification, SHS is short
term process, where the reaction is initiated, pgaped in several seconds. After the process,
the temperature decreases and then additional fidatisn does not occur. It has to be
emphasized that in situ reaction of raw elementalders involves significant volume
contraction, as a result causes shrinkage of comimaarder to express it more quantitatively,
simple calculation is needed. In order to fabridateole of TiB 1 mole of elemental Ti and 2
moles of B are needed. The overall volume of eleéaigrowders mixture occupies 10.543cm
of Ti, and 9.24crhof B, which totally occupies 19,783énFinally, 1 mole of TiB is formed
which occupies 69.489/4.52=15.374ciherefore, the contraction originated from systhe
is about 22.3vol.%. Considering that the relatieagity of raw compact is about 60vol.% and
compact contains about 40vol.% of porosity, ovedalhsification of material consisting only
of Ti and B during SHS reaction should be more #@tol.%. Such shrinkage should be
compensated by the external pressure (HIP). Basd¢beoresults, such volume contraction is
sufficient when the concentration of metal bindeenough to avoigiecking between TiB
grains.. Indeed, metal binder is necessary to siyngiie mass transport, reduce friction,
especially when melting of the binder occurs. MeB¥p metal binder plays a role of inert
filler and reduces the SHS rate as well as maximemperature while the reaction is
propagated (by heat consumption utilized for mgjtitHowever, negligible concentration of
binder metal causes that SHS rate is too rapid, EBd grains contain more defects,
including closed porosity, caused by thermal exjmmnsoefficient at high temperature when
the grains are formed and then cooled down. Thetioma mechanism is expected to be
modified, depending on TiBCu ratio in the final composite. Depending on maagtors,
such as reacting ingredients grain size,,Xtl ratio, compact size and adiabaticity, different
maximum temperature and different amount of liquindse is formed. It can be assumed that
the reaction is a combination of solid state rescof Ti with B in the initial stage of the
process, melting of Cu and partially Ti, some siitybof unreacted in the liquid phase and
recrystallization. As a result, good densificaticen be obtained especially when sufficient
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volume fraction of Cu binder was applied. The piyogn composites characterized by
significantly high concentration of TiB(more than 75vol%) is difficult to be avoided by
using “in situ” SHS process. On the other handhh@mperature is required for melting of
Cu and good densification. Therefore, the compokdging 45vol% of TiB exhibited
significantly reduced relative density. That medms overall heat released from the TiB
formation was not enough despite the mechanisntastip deformation.

The investigations on the grain size distributiowlicated that the average grain size is
reduced significantly with decreasing TiBontent. The relatively coarse grains with several
micrometers in size were observed on the microgtracwith 80-90vol% of TiB while
ultrafine grains with average grain less thanutn size were obtained for composites when
Cu matrix content increased to 50-60vol.% (Fig. 5)

The grain size distribution was also affected bydGatent (Fig. 6), starting from monomodal
distribution for 5vol.% of Cu, to significantly pleminant ratio of the smallest in size TiB
grains.

The effect of grain growth in the composites havsignificantly predominant volume
fraction of TiB, can be explained by Ostwald ripening process. ddrecentration of TiB
affects the maximum temperature in the reactingpamndirectly after combustion by means
of SHS process occurred. When the concentratidnBy is high and only negligible amount
of diluting Cu exists, maximum temperature increages a result, better conditions for such
processes, as dissolution of small size high engrgys which can precipitate on the bigger
ones, are ensured. Therefore, the tendency to ecitlee energy causes large precipitates to
grow, drawing material from the smaller precipisat&uch process occurs because larger
grains are more energetically stable than smaletigbes. The significant differences in the
microstructure are confirmed by the SEM microsutetwith higher magnification (Fig. 7)

The size of precipitated grains exhibited good oonfince with references. Kwon et al.[26]
reported grains of less thanum in size formed in situ by the combustion reactfon
composites containing 60vol.% of TiBhowever refined grains could be observed in those
microstructures.

3.3 Hardness and modulus of rapture

Since the Vickers hardness for pure Cu is lowenthed GPa [9, 15, 22, 31], great
strengthening effect was proven for FiBased Cu matrix composites. (Fig. 8).

The Vickers hardness indentation was carried aueédah investigated composite under room
temperature for 15 seconds, in two series undeisiad 0.3 and 1.0kg, in order to compare
the results directly. The Vickers microhardnesghdly higher than hardness confirmed good
homogeneity and low porosity of investigated coniess The hardness of 6-8 GPa and small
spread of results confirmed by low standard demmatvas achieved for samples with 7iB
concentration in the range of 45-75vol.%. Thesealtesnay be explained by relatively high
content of plastic Cu matrix and small interactibetween TiB grains. It is worth of
emphasizing that increased concentration of, Ta&used extraordinarily improved hardness,



which reached maximum value of 16-18GPa for 85-8@vmf TiB,. Such results revealed
good compliance with expectations, because theattiextremely high Vickers hardness of
34GPa should be expected for pure nonporous mosephi&; [3]. Considering the Vickers
hardness it can be assumed that the materialsth@tbinder phase in the range of 5-15vol.%
are comparable or even better than WC-Co compositbssimilar (6-10vol%) concentration
of binder despite coarse grains and softer biriRiehter and Ruthendorf [32] investigated the
effect of grain size on the hardness of WC-Co dmadnhaximum hardness of 1500-1650HV
could be obtained only for fine (0.8-088) grain size in the microstructure while the
hardness decreased to 1150 — 1100HV when the cgeases (3-6um) were obtained. It
means that in the present research remarkablet effadtra-hard TiB is revealed in such
cermets.

Based on Vickers hardness indentation the mechaoistnacks formation can be assumed.
Essentially neither the lateral and radial (Palmefjvcracks nor median (half-penny) cracks
[33], which are expected for brittle covalent cel@nwere observegrig. 9).

These microstructures indicate that the compositegaled rather plastic than brittle
behavior, caused by plastic deformation of Cu-mairhe shape of deformed zone around the
Vickers imprint corresponds to the zone observeouire copper (Fig. 9D) in each composite,
while the radius of deformed composites decreasdthi wcreasing concentration of
strengthening TiB The composite with 50vol.% of Cu exhibited retaty low hardness, so
the plastic deformation during hardness test wgfstant. Due to strengthening the ductility
of TiB,-Cu composite is expected to be reduced compaongute metallic Cu [3, 15].
Indeed, round shape cracks appeared around ingauged by Vickers indenter (Fig. 9C).
Moreover, several radial cracks were formed undad lof 50kg in the composite containing
15 vol.% of Cu (Fig. 9A). Such behavior is predntéa because when applying high load
during indentation Palmqvist cracks are formed dermets, such as WC-6wt.%Co. Since
only few short cracks appeared, originating jusirfrone corner such materials are still
considered as reasonably-tough, based on Niihaitletory [33], and this behavior indicates
cermets with high fracture toughness.

The results of bending test revealed, that thengest strengthening effect by TiBrains on
Cu matrix expressed by modulus of rapture was onéthfor the composite having 65vol.% of
TiB, (Fig. 10).

Contemporary cemented carbides based on WC-Cooarparous and characterized by fine
or ultra-fine microstructure, indeed high moduluk rapture can be obtained [34, 35].

However, considering preliminary results for relaty large samples of WC-Co cermets
having coarse grains and elevated Co content, airtol those reported in this study (1000-
1500MPa) were reported [36]. Apparently better tssshould be obtained in this research by
using 3-point bending technique. Modulus of raptoreasured by 4-point bending test is
always more severe than that of 3-point bendinghsoresults are difficult to be compared

directly.

The modulus of rapture vs. TiR0l.% relationship revealed good compliance wélative
density. Such effect meets the expectation whesidening Weibull theory. As the deviation
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from theoretical density increases, the modulusapture decreases dramatically, since the
modulus of rapture is strongly affected by any disfen the microstructure.

Since the overall porosity, its distribution andgetry determine the brittleness, small grain
size composites with entirely reduced porosityratgiired in order to ensure satisfactory high
modulus of rapture. That means the composites WiB} volume fraction of more than
80vol.% of TiB, should be fabricated using more conventional smgeechnics (HP, HIP, or
SPS) in order to control the grain size, theirribstion and to eliminate porosity. The further
studies on TiB-Cu cermets are fully justified since the invesigghcomposites with high
TiB, content exhibited high hardness, despite somespigrand coarse grains.

4. Conclusions

Based on the experimental results obtained fop-OB cermets fabricated by SHS following
conclusions can be drawn:

1. The SHS-p-HIP method revealed to be sufficientraeoto fabricate TiBCu cermets
with broad range of diluting Cu, from 5 to 50vol.Zespite non-adiabatic conditions,
combustion caused by TiBexothermic synthesis occurred, even for 50vol.% of
diluting Cu. Each composite exhibited high relatidensity, especially those
containing at least 15vol.% of matrix phase.

2. Regardless of the negligible solubility of Ti in @uatrix which is recognizable by
XRD as Cuyg7Tio 03 Only two phases, Cu and TiBvere detected based on structural
analysis. It means that elemental Cu is thermodyeediy stable binder for TiB
based cermets,

3. The effect of Cu concentration was proved in tefmmdcrostructure and hardness.
The increased binder content caused reduction Bf @iiain size, however hardness
significantly decreased when the concentrationwk&ceeded 15vol.%.

4. Considering relative density and modulus of raptgoger 1500MPa) the best
properties exhibited composite having 65vol.% dTi

5. The maximum hardness of 16-18GPa for samples Wwehadwest concentration of Cu
(5-10vol.%) may indicate that TiHbased composites with Cu binder could be
competitive to commercially used WC-Co cermetspdessoft metallic Cu used as
the matrix. However, low modulus of rapture for lsutardest composites indicates
that coarse grains and porosity deteriorated thedibg strength significantly.
Therefore, further study on the LHEuU cermets using conventional sintering methods
is of significant importance in order to take futvantage of their remarkable
hardness.
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Fig. 1 The temperature records during combustianthggis samples with different TiB
content: A) 75vol.%TiB, B) 60vol.%TiB. The top diagrams represent the derivate of
temperature in time, while the lower diagrams pneskee directly temperature records with
time of synthesis

Fig. 2 The XRD patterns for TiBCu cermets with different TiBcontent

Fig. 3 The apparent and relative density (deterthinsing hydrostatic method) for
composites with different concentration of 7iB

Fig. 4 SEM microstructure for samples with diffetreal.% of TiB;

Fig. 5. The average grain size for composites wathous volume fraction of TiBfabricated
in situ by SHS

Fig. 6. Histogram showing grain size distributioh ToB, and average grain size (x) for
composites with increasing TiBontent: 55, 65, 80 and 90vol.% respectively.

Fig. 7. SEM microstructure with high magnificatiofor TiB,-Cu composites: A)
70v0l.%TiB,, B) 60vol.%TiB, C) 55v0l.%TiB, D) 45vol.%TiB.

Fig. 8. Vickers microhardnessiVo300(A) and Vickers hardness HY (B) for cermets with
different concentration of TiB The experimental results are compared with pueper
investigated on Cu thick plate. The experiment&h @ae compared to reference [8, 13]

Fig. 9. The image of Vickers pyramid print afterd@ess indentation for composites with
different TiB, content: A) 85vol%TiB, B) 70vol.%TiB, C) 45vo0l.%TiB, D) pure Cu, upper
pictures present the images after indentation upater 30kg load, lower pictures —load of
50kg

Fig. 10. Relationship between modulus of raptui\asiume fraction of TiBin the
investigated composites. The results are comparpdre copper exposed to 4-point bending
test, while the modulus of rapture was measurei thetbulk started to increase slowly
which indicated plastic deformation.
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