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The influence of titanium diboride particles size (9—-10 um, 2-3 wm, 500-700 nm) on
the structure formation of TiB,—80 wt.% (Fe—13 wt.%Mo) composite materials was investi-
gated. The differential-thermal and electron-probe analyses have shown that a decrease in
the size of TiB, particles up to 2—3 um does not substantially influence on the composite
materials structure formation. The structure of the investigated composite materials
consists of an iron-based matrix, TiB, and Mo,FeB, hard borides. The addition of nano-
sized TiB, particles (70-100 nm) is unreasonable because this promotes dissolution and
recrystallization processes of titanium diboride; as a result, their size increases up to
5—6 um and large amounts of Fe-Fe,B and Fe-Mo,FeB, eutectics are formed.
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UccnenoBano BimsHme pasmepa uacturr aubopuga tutada (9—10 mxm, 2—-3 mrMm, 500—-700 mm)
Ha oco0eHHOCTH (JOPMHPOBAHUA CTPYKTYPHl KOMIIOSMIIMOHHBIX MATEPHUAJTIOB CHCTeMBI [iBy—
80 mac.% (Fe—13 mac.% Mo). Meromom gudhepeHIINATBHO-TEPMAYECKOT0 M MUKPO-PEHTIeHOCIIEKT-
PAJIEHOTO AHAJN30B YCTAHOBJEHO, UTO YMEHBIIeHNe pasMepoB wactur 1iB, go 2—-8 MM He BaMseT
CYIIIeCTBEHHO HA (DOPMUPOBAHNE CTPYKTYPHI KOMIIOSUIIMOHHBIX MATEPUAJIOB, KOTOpas COCTOUT U3
MATPHUIIEI Ha OCHOBE Kejlesa U TBepAbIx oopuior TiB, m Mo,FeB,. Beenenne uactun TiB, pasmepom
500-700 MKM Hellesleco00pasHO, TAK KAK TMPUBOAUT K WHTEHCU(PUKAITMN TTPOITECCOB PACTBOPEHUSA U
TEePEKPUCTAJIINSAINY JU00pUIa TUTaHa, B PesyJibTaTe uero ux pasMep yBeJnuuBaercs 710 5—6 MM,
a TaKme K (JOPMHPOBAHHIO dBTEKTHYECKOl crpykTyper Fe—Fe,B u Fe-Mo,FeB,.

Hocrhig:xeHHA BILTUBY PO3Mipy YACTHUHOK TUOOPHUAY THTAHY HA CTPYKTYPY KOMIIO3UILiii-
HEX Mmartepiaxis cucremu TiB,—(Fe-Mo). O.I1.Vmancvrxuit, M.C.Cmopoxcenrxo, O.€.Te-
peumves, B.B.Tapervnur, B.II.Kpacoscvruii, B.€ IIenydvro, I1.C.Mapyenior, OJ[.Kocmenko.

HocmimxeHo BILIMBE posMipy dacTwHOK aubopunay tutadHy (9—10 mrm, 2-3 mxm, 500-700 mm) HA
ocobmueocTi (POPMYBAaHHA CTPYKTYPH KOMIIO3MIIHEMX Martepiamxis cucremu TiB,—80 mac.% (Fe—-
13 mac.% Mo). Metomom muchepeHIiiiHO-TEPMIUHOIO T4 MiKpO-PeHTTeHOCHEKTPAIBLHOTO aHATIZIB BCTAHOB-
JIeHO, TIO 3MeHIIEHHA PO3Mipie wactmHOK TiB, 7m0 2-8 MKM He BIUIMBAaE CYTTEBO Ha (HOPMYBAHHA
CTPYKTYPM KOMIIOSMITIHHIX MaTepiamiB. CTpyKTypa KOMTOSHITIHHITX MATEPIATiB CUCTEMI CKJIATAECTHCA 3
MaTpuIli HA OCHOBi 3ayisa Ta BEMIOUEHb TBepaux Gopuzis TiB, ta Mo,FeB,. Beenenna uactmmox TiB,
poamipom 500—700 HM € HEIOIILHNM OCKLILKY IPUSBOIUTE 10 iHTeHCH(IKALIIT IIPOIIECiB POSUMHEHHA Ta
nepexpucTajisaiii aubopuay TUTAHY, BHACIIIOK woro ix posmip s0inbiryerbes mo 5—6 MEM, a
TaKox 10 PopMyBaHHA Beaukoi Kimpkocti esrekTuK Fe-Fe,B ta Fe-Mo,FeB,.
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1. Introduction

Scientific and technological progress re-
quires the use of metal-ceramic materials in
special applications under conditions of in-
tensive wear at high loads and temperatures
[1]- Refractory titanium compounds (TiC,
TiB,, TiN, TiCN, and TiCrB,) attract a lot of
attention to the development of wear-resis-
tant composite materials due to their high
hardness and melting point, low density [2—
10]. In general, the operating properties of
such composite materials are determined by
the correct selection of ceramic and metallic
components, their ratio, and size [11]. Good
wetting between ceramics and metal alloy is
the key factor in the production of compos-
ites with the desired properties. The ability
to control the interaction of interfaces be-
tween the refractory and metal components
is also important [11, 12].

The TiB,—(Fe-Mo) composite material was
developed for the protective coatings deposi-
tion at the Institute for Problems of Mate-
rials Science named after Frantsevich
(Ukraine) [18]. In order to select the compo-
sition of the metallic phase, the wetting be-
havior of Fe-Mo alloys in contact with TiB,
was investigated [14]. Additive 2-17 wt. %
molybdenum into iron enhances the wetting
process of titanium diboride. The TiB,—(Fe—
13 wt.% Mo) system is characterized by zero
contact angles and some interaction leading
to the formation of molybdenum-iron boride
phases. Thus, brittle intermetallic phases do
not form in this system [15]. That is why,
the TiB,—(Fe—18 wt.% Mo) composite powder
materials were used for plasma coatings
deposition. As shown in our previous study
[16], the ratio between the refractory phase
and metallic components significantly af-
fects the structure and wear resistance of
TiB,—(Fe—13 wt.% Mo) plasma coatings.

It should be noted that the particle size
of the refractory phase is also of great im-
portance for providing necessary operating
properties of the composite materials and
coatings. In particular, with a decrease in
the size of titanium diboride particles in the
TiB,—(Fe-Ni) composite material from 5
down to 2 um, the relative density, hard-
ness, bending strength, and toughness of
cermets increase [17]. Therefore, a corre-
sponding increase in the wear resistance of
TiB,—(Fe—13 wt.% Mo) coatings can be asso-
ciated with a decrease in the size of tita-
nium diboride particle.

Since the TiB,—(Fe—-13 wt.% Mo) system
is characterized by a chemical interaction
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between the component of the refractory
compound and the metallic alloy, the size of
titanium diboride particle will affect the
structure of the composite materials. With
a decrease in the particle size of the refrac-
tory compound, the interface increases;
thus, the chemical interaction will occur
more intensively. So the aim of this work is
to study the effect of the particle size of
titanium diboride on the structural-phase
composition of TiB,—(Fe—18 wt.%Mo) com-
posite materials.

2. Materials and methods

In order to determine the effect of the
size of titanium diboride particle on the
structure of TiB,—(Fe—13 wt.% Mo composite
materials, the specimens with different parti-
cle sizes of TiB,, namely, 9-10 um (specimen
No. 1), 2-3 um (specimen No. 2), and 70—
100 nm (specimen No. 3), were prepared. For
all the specimens, the ratio between the com-
ponent of the refractory compound (TiB,) and
the metallic phase (Fe—Mo) was 1:4.

To prepare the TiBy,—80 wt.% (Fe-
13 wt.% Mo) specimens, initial powders of
titanium diboride (TU 6-09-03-7-75), iron
(GOST 9879-74), and molybdenum (GOST
5909-79) produced at the Donetsk Plant of
Chemical Reagents, were thoroughly mixed
in appropriate ratios in an alcohol medium.
The obtained mixture was briquetted under
pressure in a steel die.

The compacted specimens of TiB,—
80 wt.% (Fe—13 wt.% Mo) composite mate-
rials were studied by differential thermal
analysis (DTA) with a VDTA-8M unit. To
perform the DTA, the specimens were
placed in alumina crucibles and heated to
1570°C in argon medium. The heating rate
was 40°C/min. Iron was used as a reference
sample. From the DTA heating and cooling
curves, temperature regions of heat effects
were determined.

After the DTA measurements, the struc-
ture of the sintered specimens was studied
with JEOL-9500FS and PEM-106 scanning
electron microscopes.

The microhardness of individual phases
was determined by the pressing with a Vick-
ers diamond pyramid under a load of 0.1 N
in a PMT-3 unit.

3. Results and discussion

Figure 1 shows DTA heating and cooling
curves of the TiB,—80 wt.% (Fe—13 wt.% Mo)
composite materials with an initial particle
size (d) of titanium diboride of 9-10 um
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(specimen No. 1), 2-3 um (specimen No. 2),
and 70-100 nm (specimen No. 3).

It should be noted that the DTA heating
curves of the specimen No. 1 (TiB, particles
of d =9-10 um) and the specimen No. 2
(TiB, particles of d =2-3 um) are very
similar. Peaks on the DTA curves represent
phase transformations during heating or
cooling cycle. The DTA heating curves of
both specimens show endothermic peaks be-
tween 1142°C to 1200°C and represent a
phase transition from solid to liquid (melt-
ing). Moreover, an exothermic effect with-
out temperature extreme is observed on the
DTA heating curves in the temperature
range of 1215-1550°C. On the DTA cooling
curves of both specimens, 2 exothermic ef-
fects are noted. The first exothermic peak
appears at 1160°C and gradually transforms
into the second exothermic peak at 1122°C.
The presence of two temperature peaks on
the DTA cooling curve testifies the crystal-
lization of two phases.

On the whole, the DTA heating and cool-
ing curves of specimen No. 3 (TiB, with d =
70-100 nm) are similar to the DTA curves
of specimens No. 2 and No. 8, but have
some differences. In particular, the DTA
heating curve of the specimen No. 3 has an
endothermic peak at 1142°C, which gradu-
ally turns into an exothermic peak at
1175°C; that is 40°C lower compared to the
DTA curves for No. 1 and No. 2 specimens.
This indicates the intensification of the
chemical interaction between the compo-
nents of the TiB,—80 wt.% (Fe—138 wt.% Mo)
system with a decrease in the particle size
of titanium diboride down to 70-100 nm.
There are exothermic peaks on the DTA
cooling curve of specimen No. 3, as well as
on the DTA curves of No. 1 and No. 2 speci-
mens; this indicates the crystallization of
two phases.

Taking into account the DTA results, it
is reasonable to conclude that a decrease in
the particle size of titanium diboride down
to 2—3 um does not substantially affects the
processes of chemical interaction in the TiBy,—
80 wt.% (Fe—13 wt.% Mo) system. The inten-
sification of chemical interaction occurs when
the particle size of titanium diboride is less
than 1 um. To confirm the DTA results, the
structure of TiB,—80 wt.% (Fe—-13 wt.% Mo)
composites with different particle sizes of ti-
tanium diboride was studied.

The structure of specimen No. 1 (TiB,
with d = 9-10 um) consists of a gray metal-
lic matrix where black grains and some in-
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Fig. 1. DTA curves of TiB,—80 wt.% (Fe—
13 wt.% Mo) composite materials.

clusions of a white phase are distributed
(Fig. 2). The metallic matrix is an iron-
based solid solution (Fig. 2c, Table 1, spec-
trum 1). The molybdenum content in iron
does not exceed 2 %, and the titanium con-
tent is no more than 1 %. Titanium di-
boride grains with a size of 6—8 um are
distributed in the matrix (Fig. 2¢, Table 1,
spectrum 2). The inclusions of the white
phase with a size of 20-30 um have a regu-
lar shape and their microhardness is 21-
22 GPa. The microanalysis revealed that
these inclusions contain 60 wt.% Mo,
24 wt.% Fe, 10 wt.% B, and 6 wt.% Ti
(Fig. 2¢, Table 1, spectrum 3); this makes it
possible to identify this phase as Mo,FeB,
boride doped with titanium. It should be
noted that in some areas (where titanium
diboride grains are absent), the Fe-Fe,B eu-
tectic structure forms (Fig. 2d, Table 1,
spectrums 4 and 5).

The structure of specimen No. 2 (TiB,
with d = 2-8 pm) consists of inclusions of
black and white phases distributed in the
gray metallic matrix (Fig. 3). The matrix is
an iron-based solid solution containing up
to 2 wt.% molybdenum and up to 1 wt.%
titanium (Fig. 3¢, Table 2, spectrum 1). The
microanalysis results show that black grains
are titanium diboride particles with a size
of 2-3 um; this corresponds to their initial
size (Fig. 3c, Table 2, spectrum 2). The
white colored grains are composed of
24 wt.% Fe, 58 wt.% Mo, 10 wt.% B and

Functional materials, 27, 2, 2020
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Table 1. Chemical composition of phases in the TiB,—80 wt.% (Fe—18 wt.% Mo) composite material

with the TiB, particle size of 9-10 pum

Figure Spectrum Element composition, wt.% Phase
Ti Fe Mo B
2¢ 1 1 98 1 0 Fe-based solid solution
2 65 1 - 34 TiB,
3 6 24 60 10 Mo,FeB,
2d 4 0 99 1 0 Fe—Fe,B eutectic
5 89 2

D

W4T -
4,000 WD 23.4mm

Fig. 2. Structure of the TiB,—80 wt.% (Fe—13 wt.% Mo) composite material with TiB, particle size of
9-10 um: (a, b) general view; (c) zone of borides formation; (d) zone of eutectic formation.

8 wt.% Ti (Fig. 3¢, Table 2, spectrum 3).
Their microhardness is 21-22 GPa and the
size reaches 40-60 um. Thus, the white
grains are identical to Moj,FeB, borides in
the structure of specimen No. 1 (TiB, with
d = 2-3 um). However, in this case, the ti-
tanium content in the Mo,FeB, compound
attains 8 % that is somewhat higher than
the Ti content in Mo,FeB, structure of
specimen No. 1 (Ti content is 6 %, and Mo

Functional materials, 27, 2, 2020

content is 60 %). In the iron-based metallic
matrix, the local formation of Fe-Fe,B
(Fig. 3d, Table 2, spectrums 4 and 5) and
Fe-Mo,FeB, eutectics (Fig. 3d, Table 2,
spectrums 5 and 6) was detected. Due to the
formation of the eutectic structure, the mi-
crohardness of the matrix reaches 5—6 GPa.

The microstructural investigations of

specimen No. 38 (TiB, with d = 70-100 nm)
revealed a heterophase matrix-type struc-
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Table 2. Chemical composition of phases in the TiB,—80 wt.% (Fe—13 wt.% Mo) composite material

with TiB, particle size of 2—3 um

Figure Spectrum Element composition, wt. % Phase
Ti Fe Mo B
3c 1 1 97 2 0 Fe-based solution
2 64 2 — 34 TiB,
3 8 24 58 10 Mo,FeB,
3d 4 0 99 1 0 Fe-based solution
5 1 89 1 9 Fe,B
6 6 25 59 10 Mo,FeB,

SEI 10.0kV

21.9mm Tum

Fig. 8. Structure of the TiB,—80 wt.% (Fe—18 wt.% Mo) composite material with the TiB, particle size of
2-3 um: (a), (b) general view; (c) zone of Mo,FeB, borides formation; (d) zone of eutectic formation.

ture (Fig. 4). The gray matrix is a solid
solution of molybdenum (<2 wt.%) and tita-
nium (Swt.1 %) in iron (Fig. 4c, Table 3,
spectrum 1). In the structure of specimen
No. 3, inclusions of a white phase identified
as Mo,FeB, boride were detected (Fig. 4c,
Table 3, spectrum 2). In this case, at least
10 wt.% of Ti dissolve in the molybdenum-
iron boride. The grain size of Mo,FeB,
borides in the structure of specimen No. 3
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(TiB, with d = 70-100 nm) attains 100 pum,
and the microhardness is 21-22 GPa. More-
over, dark gray inclusions with a size of
2-5 pm were detected in the structure of
specimen No. 3. Microstructural investiga-
tions revealed the inhomogeneity of the
composition of the dark grey phase: it con-
tains about 19 wt.% B, 27 wt.% Ti,
41 wt.% Fe, and 13 wt.% Mo at the center
(Fig. 4d, Table 3, spectrum 3) and about

Functional materials, 27, 2, 2020
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Table 8. Chemical composition of phases in the TiB,—80 wt.% (Fe—18 wt.% Mo) composite material

with initial TiB, particle size of 70-100 nm

Figure Spectrum Element composition, wt.% Phase
Ti Fe Mo B
4 1 - 99 1 - Fe-based solid solution
2 10 25 55 10 Mo,FeB,
3 27 41 13 19 complex boride
4 46 6 19 29 TiB,

SEI 10.0kV X201

SEI

X5000 WD219mm  1um

10.0kV

1am

Fig. 4. Structure of the TiB,—80 wt.% (Fe—13 wt.%Mo) composite material with the TiB, particle
size of 70-100 nm: (a) general view; (b, c) zone of Mo,FeB, borides formation; (d) zone of boride

phases formation.

29 wt.% B, 46 wt.% Ti, 6 wt.% Fe, and
19 wt.% Mo on the periphery of the grains
(Fig. 4d, Table 3, spectrum 4). It can be as-
sumed that the dark gray phase is iron
boride doped with titanium. The black phase
is probably titanium diboride doped with
molybdenum or with molybdenum and iron.
As the content of the black phase (TiB,)
increases on the periphery, these inclusions
acquire a regular hexagonal shape, which is
typical for titanium diboride grains. It

Functional materials, 27, 2, 2020

should be noted that the EPMA method did
not detect titanium diboride particles with a
size less than 1 um in the structure of the
composite material. A feature of the
TiBy(Fe-13 wt.% Mo) composite material
No. 3 (TiB, with d = 70-100 nm) is the inten-
sive formation of the Fe-Mo,FeB, (Fig. 5,
Table 4, spectra 1 and 2) and Fe—Fe2B eu-

tectics (Fig. 5, Table 5, spectra 1 and 5).
Taking into account the results of DTA

and microstructure investigations of TiB,—
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Table 4. Chemical composition of phases in the TiB,—80 wt.% (Fe—18 wt.% Mo) composite materi-

als with initial TiB, particle size of 70-100 nm

Spectrum Element composition, wt.% Phase
Ti Fe Mo B
1 0 98 2 0 Fe-based solid solution
2 10 26 54 10 Mo,FeB,
3 28 42 12 18 complex boride
4 47 5 19 29 TiB,
5 0 87 2 11 Fe,B

10.0kV X500

SEI 10.0kV

80 wt.% (Fe—13 wt.% Mo) composite mate-
rials with different initial sizes of titanium
diboride particles, the following conclusions
can be made. Under conditions of liquid-phase
sintering of specimens of the TiB,—80 % (Fe—
13 % Mo) composite materials with initial
particle size of titanium diboride of 9-10 wm
(specimen No. 1) and 2-8 um (specimen No.
2), the partial dissolution of titanium di-
boride grains in the iron-based alloy occurs,
and, in this case, the iron-based alloy is satu-
rated by boron and titanium. Once the satura-
tion limit of the solid solution by boron is
attained, the formation of borides occurs.

360

WD 222mm  10um

El 10.0kv  X5000 WD 1um

Fig. 5. Zone of eutectic structure formation
of the TiB,-80 wt.% (Fe-13 wt.% Mo) com-
posite material with TiB, particle size of 70-
100 nm: (a) general view; (b) zone of the Fe—
Mo,FeB, eutectic; (c) zone of the Fe-Fe,B
eutectic and boride phase formation.

Since boron has a high affinity to molybde-
num, Mo,FeB, boride forms. This agrees with
the data of [18], in which the formation of
Mo,FeB, grains of large sizes in the process
of liquid-phase sintering at T = 1320°C was
detected. In the present case, the exothermic
effect in the temperature range of 1215—
1550°C on the DTA heating curves of the
composite materials corresponds to the disso-
lution process of TiB, and Mo,FeB, borides.
Titanium penetrates into the alloy from tita-
nium diboride and partially dissolves in
Mo,FeB, borides.

Functional materials, 27, 2, 2020
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Table 5. Size and chemical composition of Mo,FeB, grains in the structure of the TiB,—
80 wt.% (Fe—13 wt.%Mo) composite materials with different TiB, particle sizes

Initial particle size of TiB,
9-10 pum 2—-3 um 70-100 nm
Grain size of Mo,FeB, complex borides, um 20-30 20-30 80-100
Ti content in grains of Mo,FeB, complex borides, wt % 6 8 10

Under cooling of the composite material,
the solubility of the elements (Mo, Ti, and
B) in iron decreases, resulting in formation
of the Fe-Fe,B and Fe-Mo,FeB, eutectics;
this corresponds to two exothermic effects
at 1160-1122°C and 1122-1060°C on the
DTA cooling curves of these materials [19—
21]. Due to the formation of Mo,FeB,
borides and the eutectics, the alloy is de-
pleted in molybdenum, titanium, and boron,
the total content of which in the iron-based
matrix does not exceed 2 wt.%.

The effect of nanosized titanium diboride
particles consists in the fact that a large
interface area appears; this substantially af-
fects the formation of the TiB,—80 % (Fe-
13 % MoO) composite material structure.
Due to the nanosize factor, the intensive
dissolution of titanium diboride particles in
the iron-based alloy occurs and the Fe-based
alloy becomes rapidly saturated by boron
and titanium. According to the DTA data
for specimen No. 3, the dissolution proc-
esses of titanium diboride grains begin al-
ready at a temperature of 1175°C, which is
lower by 40°C than that for specimens No 1
(TiB, with d = 2-3 um) and No. 2 (TiB, with
d = 9-10 pum). Moreover, the exothermic ef-
fect on the DTA heating curves of specimen
No. 3 is more pronounced than that of No.
1 and No. 2 specimens; this also confirms
the intensification of the dissolution of TiB,
particles. The intensification of these proc-
esses leads to the more intensive formation
of inclusions of Mo,FeB, complex borides.
In particular, it should be noted that, with
a decrease in the size of titanium diboride
particles up to 70-100 nm, the size of
Mo,FeB, inclusions increases several times.
In the structure of the TiB,—(Fe-13 % Mo)
composite materials with an initial particle
size of titanium diboride of 9-10 um and 2-
3 um, the size of Mo,FeB, borides does not
exceed 20-30 um (Figs. 2 and 3, spectrum 3);
whereas, in the structure of specimen No. 8 with
additives of nanosized titanium diboride parti-
cles, their size attains 80-120 um (Fig. 4, spec-
trum 2). It should be also noted that, at least
10 % Ti dissolve in Mo,FeB, borides in the struc-
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ture of specimen No.3 (TiB, with d = 70—
100 nm) (Fig. 4, spectrum 4); whereas, in the
structure of specimens No 1 and No. 2 (TiB,
with d = 9-10 and 2-3 um, respectively), the tita-
nium content in Mo,FeB, borides does not exceed
6-8 % (Fig. 2, spectrum 3; Fig. 3, spectrum 3).
As noted above, in the structure of speci-
men No. 8 of the TiB,—(Fe-13 % Mo) com-
posite material, titanium diboride particles
with a size less than 1 um were not de-
tected, and the formation of titanium di-
boride particles occurred on iron boride
grains (Figs. 4 and 5). Taking into account
the EPMA data, it can be assumed that, in
the process of liquid-phase sintering of the
TiB,—(Fe—-18 % Mo) composite material with
an initial particle size of 70-100 nm, the
complete dissolution of titanium diboride
grains occurs with their subsequent recrys-
tallization on grain boundaries of Fe,B iron
boride. Since identical exothermic effects
are observed on the DTA heating curves of
specimen No. 3 as well as for specimens No.
1 and No. 2, it can be assumed that the
dissolution and recrystallization processes
of TiB, occurs simultaneously during heat-
ing in the temperature range 1175-1550°C.
The formation of the eutectic structure
in specimen No. 8 is also connected with
the intensification of the dissolution of
TiB, particles. In cooling, as a result of
the decrease in the solubility of the ele-
ments in iron, the crystallization of a
large amount of the Fe-Fe,B and Fe-—
Mo,FeB, eutectics occurs; this is repre-
sented by two exothermic effects at tem-
peratures 1160-1122°C and 1122-1020°C
on the DTA curves of specimen No. 3 as
well as for specimens No. 1 and No. 2.

4. Conclusions

The formation of the structure of TiB,—
80 wt.% (Fe—13 wt.% Mo) composite mate-
rials is substantially influenced by the par-
ticle size of titanium diboride. It has been
found that the interphase interaction proc-
esses in the TiBo—80 wt.% (Fe—13 wt.% Mo)
composite materials are intensified as the
particle size of titanium diboride decreases.
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The decrease in the particle size of titanium
diboride down to 2-8 um does not substan-
tially affects the processes of formation of
the structural-phase composition of the
composite material. In the process of liquid-
phase sintering of the TiB,—80 wt.% (Fe-
13 wt.% Mo) composite materials with an in-
itial TiB, particle size of 2-8 pum and 9-
10 pm, titanium diboride grains partially
dissolve with subsequent formation of
Mo,FeB, borides, which are characterized
by high hardness (20-22 GPa) and can in-
crease the wear resistance of composite ma-
terials and coatings. The particle size of
titanium diboride in the structure of the
TiB,—80 wt.% (Fe—18 wt.%Mo) composite
materials does not significantly differ from
their initial size; the grain size of Mo,FeB,
borides is 20—30 wm.

The addition of titanium diboride
nanoparticles (70-100 nm) into the TiB,—
80 wt.% (Fe-13 wt.% Mo) composite mate-
rial leads to an intensification of dissolu-
tion-recrystalization of titanium diboride;
as a result, their size increases up to 5—
6 um. In this case, the eutectic structure
with a large amount of Mo,FeB, and Fe,B
borides forms, that leads to the material
brittleness. The grain size of MoyFeB,
borides increases up to 100 um.

Thus, to obtain TiB,—80 wt.% (Fe—
13 wt.% Mo) composite materials by the lig-
uid-phase sintering in vacuum, it is reason-
able to use titanium diboride particles with
a size of 2—10 um; in this case, it is possi-
ble to produce a heterophase structure
which combines hard grains of TiB, and
Mo,FeB, borides and a plastic metal matrix.
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