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Abstract: The objective of this paper is to study the process of free SHS compression of composite materials in the
Z1r03-Y203-Si0;-TiB; system. The content of Y03 stabilizing additive varied in the ratio (x—1)ZrO2-xY203 from 0
to 9 mol %. The influence of such technological parameters as the delay time, the strain rate, the pressing pressure, on the
process of molding the selected materials, as well as the processes of phase and structure formation were studied.
To establish the influence of the specified technological parameters on the process of selected materials molding, their
formability was assessed. It was found that the nature of the dependences of the combustion characteristics of the studied
materials on the content of the stabilizing additive correlates with the nature of the curves of the dependences of the degree
of deformation on the delay time and the rate of deformation. It was shown that on the curve of the dependence of the
degree of deformation on the pressing pressure, there is a limiting value, above which an increase in pressure does not
affect the formability of the materials. It was shown that at a Y,0O3 content of 0 to 4 mol %, the monoclinic and cubic
modification of ZrO, is predominantly observed. A further increase in the Y03 content leads to the formation of

a tetragonal modification of ZrO; in the obtained compact blanks. It was also found that in the studied materials the texture
formation was observed in the direction perpendicular to the direction of pressure application.
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AnHotanusi: Hactosmmas pabota mocBsimeHa wu3ydeHHIO mporecca cBobomHoro CBC-cxaTHsi KepaMHYeCKHX
KOMITO3UITMOHHBIX MaTeprasioB B cucteme Zr02-Y,203-Si02-TiB;. B kadecTBe 00bekTa nccienoBaHus BoIOpaHa UCXOTHAS
nmopomkoBast cuctemMa Bp03-Zr-Si0y-Ti-B-Y,03. Conepkanue OKCHAAa WTTPHS, BBICTYIIABIIETO B  KAadecTBE

cTabunu3upyronie 100aBKy, BapbUpOBAIOCh B cooTHOMmEHNH (x—1)ZrO2-xY203 o1 0 1o 9 % monb. B pabore nzydeHo
BIIMSIHUE TaKUX TEXHOJIOTHUYECKUX MapaMeTpoB cBoOoiHOro CBC-cxkatus, Kak BpeMsl 3aJIep>KKH MEXly HHUIIUUPOBAHUEM
peakii W TPWIOKECHUEM JaBJICHHs, CKOPOCTh jAedopMaiiu, MaBICHHE IPECCOBAaHHUS Ha TMpPOoIecC (OPMOBAHUS
BEIOPaHHBIX 00BEKTOB HCCIIEIOBAHUS, a TAKKE MPOIecChl (ha30- U CTPYKTypooOpa3oBaHus. J{Jsl YCTAHOBIICHUS BIUSHHS
YKa3aHHBIX TEXHOJOTHMYECKUX MapaMeTpoB Ha Iporecc (OPMOBaHUS BBEIOPAHHBIX OOBEKTOB HCCICAOBAHHS B PadoOTe
MPOBOJMIIACH OILIEHKAa WX (OPMYEeMOCTH. YCTAaHOBIICHO, 4YTO XapaKTep 3aBUCHMOCTEH XapaKTCPUCTHK TOPCHHS
MCCIICIOBAHHBIX MATEPHAJIOB OT COACPIKAHUS CTAOWIM3UPYIOLIel J00aBKM KOPPEIUPYET C XapaKTepoOM KPHBBIX
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3aBHCHMOCTEH cTeneHn AeopMari OT BpPEMEHH 3aIepXKKH MEXIy WHHIWUPOBAHHEM pPEaKIUU M TPHIOKEHHEM
JABJICHUS. ¥ CKOPOCTHIO meopMupoBanus. [1oka3aHo, 4TO Ha KPUBOW 3aBUCHMOCTH CTCIEHH ae(opMalii OT JaBJICHHS
MIPECCOBAHUS CYNIECTBYET NpeAebHOE 3HAUCHHE, BBHINIE KOTOPOTO YBEIHUYCHHE IABJICHUS HE OKA3bIBACT BIUSHHUI Ha
dhopmyemocts MatepuanioB. Ilokazano, uto coaepxkanue Y203 or 0 mo 4 % Monp B MONYYCHHBIX MaTepHaliax

MPEUMYIIECTBEHHO HAOMI0JaeTCsl MOHOKIMHHAs U Kyowdeckas wmomupukanus ZrOp. J[lanpHeiimee yBennueHHe

cojepkanusi Y203 npuBOAMT K (OPMHUPOBAHUIO TETPAroHAIBHOW MOAM(MUKALWHK OKCHIA LHUPKOHHUS B ITOJIYYEHHBIX
KOMITaKTHBIX 3aroTOBKaX. Tak)ke yCTaHOBJIEHO, YTO B MCCIEIOBAHHBIX MaTepuanax mocie cBoboxHoro CBC-cxarms
Ha0moganocs 00pa3oBaHue TEKCTYPHI B HAIIPABICHUH, TIEPIICHANKYIISIPHOM HAIPaBICHUIO IPUIOXKEHHS TaBICHHS.

KiioueBble cjoBa: caMOpacTpOCTPAHSIOMIMACS — BBICOKOTEMIIEpAaTypHBI  cuHTe3; cBobomHoe CBC-cxkatwme;
BBICOKOTEMIIEpaTypHOE 1e(OPMUPOBAHUE; OKCHJ LUPKOHUS, OKCHI HTTPHSA; KOMIIO3MLIMOHHBIM MaTepuai;, AnOOpunR
TuTaHa; YSZ.

s uutupoBanus: Chizhikov AP, Konstantinov AS, Antipov MS. Production of ceramic composite materials based on

the ZrO;-Y203-Si0,-TiB; system by the free SHS compression method. Journal of Advanced Materials and Technologies.
2025;10(3):190-199. DOLI: 10.17277/jamt-2025-10-03-190-199

1. Introduction

One of the urgent tasks of modern materials
science is the development and creation of new
materials with improved physical, mechanical and
operational properties. One of the areas experiencing
the need for such materials is the industry associated
with high-temperature production, where materials
are required that can operate under conditions of high
thermal and mechanical loads [1-3]. To solve this
problem, a promising solution is the use of composite
materials based on zirconium dioxide [4, 5]. Due to
its outstanding properties, such as high melting point,
high hardness, fire resistance and chemical inertness,
as well as a fairly low density [6], zirconium dioxide
is the subject of a large number of research studies.
In addition, by creating composite materials based on
ZrO,, it is possible to improve its mechanical and
operational properties. Today, a large number of
different composite materials have been developed
based on zirconium oxide with additives of aluminum
oxide [7-9], magnesium oxide [10], silicon carbide
[11], boron nitride [12, 13], molybdenum disilicide
[14, 15], etc. It is known that the introduction of
silicon oxide into a matrix based on ZrO, increases
the refractory properties of the latter [16, 17].
In addition, the introduction of TiB, improves the
tribological properties of materials based on
zirconium dioxide [18, 19].

When making materials and products from
zirconium dioxide-based ceramics, it is necessary to
take into account that ZrO, undergoes a number of
polymorphic transformations when heated [20, 21].
Namely, when heated to a temperature of 1170 °C,
a transition from the monoclinic modification to the
tetragonal one occurs, and when heated to 2370 °C,
from the tetragonal to the cubic one. When cooling,
the reverse transition occurs, and the monoclinic

modification is stable at room temperature. At the
same time, the tetragonal modification is promising
for high-temperature application. To prevent the
transition from the tetragonal modification of ZrO; to
the monoclinic one, various stabilizing additives are
used. For example, CaO [22], MgO [23], CeO, [24],

while Y,03 is one of the most frequently used
stabilizing additives [25].

Various methods are wused to synthesize
materials based on stabilized =zirconium dioxide,
including, the sol-gel method [26, 27], hydrothermal
[28, 29], mechanochemical [30, 31], carbothermal
synthesis [32], etc. To produce compact blanks, the
materials produced by the listed methods are
subsequently consolidated. For this purpose, sintering
and various methods of force compaction are used,
for example, hot isostatic pressing [33] or spark
plasma sintering [34]. A common feature of this
approach is a large number of technological
operations, the need to use complex technological
equipment, as well as high energy costs due to the
need for long-term high-temperature processing.
From this point of view, a combination of self-
propagating high-temperature synthesis (SHS) [35]
and subsequent high-temperature shear deformation
is promising for obtaining composite materials based

on stabilized ZrO,. Based on the specified
combination, the free SHS compression method was
developed [36-39]. Among the advantages of this
method, it is possible to note the absence of complex
technological equipment, the absence of the need to
use external heating, and short process times. To date,
compact blanks from various ceramic and metal-
ceramic materials have been obtained using the free
SHS compression method.

This paper seeks to investigate the effects of
various process parameters in free SHS compression
on the molding, phase, and structural formation
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Table 1. Ratio of initial materials of the B,O3-Zr-Si0,-Ti-B-Y,03 composition

Expected composition of synthesis

Composition Initial materials ratio, wt. % products, wt. % canztgrit

Mo B,0; Zr Si0O, Ti B Y,03 7ZrO> Y703 Si0y TiB» mol %,
0 24 .4 48.1 10.6 16.9 0 0 65 0 10.6 24 .4 0
1 24.1 47.2 10.6 16.9 1.2 63.8 1.2 10.6 24.4 1
2 23.6 46.4 10.6 16.9 0.2 2.3 62.7 2.3 10.6 24.4 2
3 23.2 45.5 10.6 16.9 03 35 61.5 3.5 10.6 24.4 3
4 22.8 447 10.6 16.9 0.4 4.6 60.4 4.6 10.6 24.4 4
5 22.4 44 10.6 16.9 0.5 5.6 59.4 5.6 10.6 244 5
6 22 43.1 10.6 16.9 0.6 6.8 58.2 6.8 10.6 24.4 6
7 21.5 423 10.6 16.9 0.8 7.9 57.1 79 10.6 24.4 7
8 21.1 41.4 10.6 16.9 1 9 56 9 10.6 24.4 8
9 20.7 40.7 10.6 16.9 1.1 10 55 10 10.6 24.4 9

of ceramic plates derived from stabilized zirconium
oxide materials. Specifically, we will examine the
influence of delay time between the initiation of the
reaction and the application of pressure, the rate of
deformation, and the pressing pressure.

2. Materials and Methods
2.1. Initial materials and their ratio

The following powders were used as initial
materials: boron oxide (>99 %, <2 um), titanium
(99.1 %, < 50 pm), silicon oxide (<1 pm, > 99.3 %),
zirconium (> 99 %, < 50 pm), boron (99.5 %, 10 pm),
and yttrium oxide (99.95%, <10 um). These
powders were kept in a drying oven for 12 hours at
a temperature of 50 °C to remove adsorbed moisture.
Then, these raw materials were mixed in a ball mill
for 12 hours in the ratios shown in Table 1.

2.2. SHS compression method

To study the dependencies of the process
parameters of free SHS compression, the formability
of the selected objects of study was assessed under
conditions of a combination of SHS and high-
temperature shear deformation processes. To conduct
experiments to assess the formability, cylindrical
blanks with a diameter of 30 mm and a height of
35 mm were prepared from the obtained mixtures of
the initial reagents by the method of cold uniaxial
pressing. The resulting blanks had a relative density
of 0.65-0.70. These values of relative density
correspond to the optimal range in which the
maximum values of the combustion characteristics of
the selected objects of study are realized. Then, the

resulting blanks were installed in a press; SHS was
initiated by a tungsten spiral with a diameter of
1 mm, after which, after a certain delay time, external
pressure was applied. Then, the degree of
deformation ¥ was calculated for the deformed
sample, which is taken as a criterion for the
formability of the synthesized material. This value is
expressed through the relative change in the cross
section of the sample after deformation. The formula
for calculating the degree of deformation is as
follows:

S;

Y=1-—,

Sy
where §; is cross-sectional area of the original
sample before deformation, mmz; Sy 1S cross-

sectional area of the synthesized material after
deformation, mm?>.

Since the cross-section of the synthesized
material after deformation is close to a circle, the
average value is taken to calculate S, :

Sf = Tc(dmax + dmin )2/165

where d are maximum and minimum

max * dmin
diameters of the synthesized material after
deformation. The process diagram is shown in Fig.1.
To study the influence of the combination of SHS
and high-temperature shear deformation processes on
the processes of phase and structure formation,
compact ceramic materials based on the ZrO;-Y,03-

Si0,-TiB; system were obtained by the free SHS
compression method. The scheme of the experiments
on free SHS compression is shown in Fig. 2.

192 Chizhikov A.P., Konstantinov A.S., Antipov M.S.



Journal of Advanced Materials and Technologies. 2025. Vol. 10, No. 3

=

P

=

Fig. 1. Scheme of experiments to study formability

+

Fig. 2. Scheme of the free SHS compression process: / — substrate; 2 — asbestos insulation; 3 — original sample;
4 — tungsten spiral; 5 — direction of pressure application

The initial blank 3, made by cold uniaxial
pressing, was installed on the metal substrate 1.
The height was determined by the previously
obtained value of the optimal relative density for each
studied composition. The initial blanks were covered
with thermal insulation 2 on each side. Synthesis was
initiated by a tungsten spiral 4. After the combustion
wave passed through the volume of the blank, after
a certain delay time, external pressure was applied in
the direction 5, perpendicular to the direction of front
propagation.

2.3. Analytical methods

X-ray diffraction analysis (XRD) was performed
on a DRON-3 diffractometer with a graphite
monochromator on a secondary beam (CuKa
radiation). The diffraction patterns were recorded in
the step-by-step scanning mode in the angle range of
20 = 20-80° with a step of 0.025° and an exposure of
4 s per point. The obtained diffraction patterns were
analyzed using the ICDD PDF2 powder diffraction
database (2022). The microstructure of the obtained
materials was studied by scanning electron
microscopy (SEM) using a Carl Zeiss LEO 1450 VP
electron microscope.

3. Results and Discussion

3.1. Combustion characteristics in SHS mode

In this paper, a ceramic composite material
based on yttrium oxide-stabilized zirconium oxide

(YSZ) Zr0O,-Y,03-Si0,-TiB, was chosen as the

object of study was. The proportion of the stabilizing
additive Y,03 was from 0 to 9 mol %. The synthesis
of materials in the SHS mode proceeded due to the
reduction of boron oxide by zirconium with the
formation of zirconium oxide and the release of free
boron, which interacted with titanium to form
titanium diboride. Silicon dioxide did not participate
in the reaction in this case. When the stabilizing
additive Y,03 was introduced into the initial system,
the total amount of oxygen increased. To reduce it,
the proportion of boron oxide was reduced in
compositions 1-9, which also led to a decrease in the
amount of boron in the system. To compensate for
this decrease, additional free boron was introduced
into compositions 2-9. The use of boron oxide in this
work is due to the fact that it is a cheap and readily
available compound, the reduction reaction of which
has a high thermal effect, which made it possible to
obtain refractory zirconium oxide without significant
energy costs. In addition, boron oxide is a cheap
source of boron for the synthesis of titanium diboride.
Below are the equations of the expected chemical
reactions occurring during SHS:

2B,03 + 3Zr — 3710, + 4B;
4B + 2Ti — 2TiBy;
710y + Y203 — (Z102)1_«(Y7203), .

It is also worth noting that, according to the
XRD results, zirconium diboride phase was obtained
in some samples. This means that part of the boron
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was spent on interaction with zirconium and did not
interact with titanium. At the same time, the reaction
of ZrB, formation has a high thermal effect
(-76 kcal-moLfl), the value of which is close to the
thermal effect of TiB, formation (—70 kcal'moLfl).
Thus, it can be assumed that the total thermal effect
of the synthesis process did not change.

It was previously shown [69] that a change in the
content of the stabilizing additive Y,0j3 can affect the
combustion characteristics of SHS systems. Thus, in
the initial B03-Zr-Si0,-Ti system for the material
without a stabilizing additive, the values of the
temperature and combustion rate were 1808 °C and
5.1 mm-sﬁl, respectively.  Further, with the
introduction of Y,03, a monotonic increase in the
temperature and combustion rate to values of 1836 °C
and 8 mm-s ' was observed at a Y,03 content of
5 mol %. With a further increase in the Y,0O3 content,
a monotonic decrease in the combustion
characteristics to 1784 °C and 5.1 mm-s ' was

observed at a Y03 content of 9 mol%.
The dependences of the temperature and combustion
rate of the studied materials on the Y,O3 content are
shown in Fig. 3. Such behavior of the combustion
characteristics can be explained by the fact that
during the transition from the high-temperature
tetragonal to the low-temperature monoclinic
modification of ZrO,, a significant (up to 6 %)
increase in volume is observed, the sample of
composition 0 experiences more significant heat
losses than the samples in which ZrO; is stabilized.
Thus, increased heat losses lead to the fact that the
samples of composition 0 have a lower combustion
temperature than the samples with the addition of
Y,03. According to the XRD results, zirconium
diboride was observed in the synthesis products of
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Fig. 3. Dependences of temperature and combustion rate
of the studied materials on the Y,0O3 content

samples of compositions 0—4, while its amount
monotonically decreased correlating with an increase
in the combustion temperature of these samples.
Zirconium diboride was not observed in the synthesis
products of the sample of composition 5, thus the
reaction of boron oxide reduction proceeded
completely, and this sample had the highest
combustion temperature. Further, with an increase in

the Y,03 content in the studied samples, a decrease
in the combustion temperature was observed due to
the dilution of the original system with yttrium oxide.
The stabilizing additive Y,03 was inert, did not
participate in the reaction of product synthesis, but
interacted with zirconium oxide to form a solid
solution upon cooling.

3.2. High-temperature shear deformation
of research objects

One of the important process parameters
influencing the process of producing compact blanks
by the free SHS compression method is the delay
time. Ceramic materials are difficult to deform due to
their mechanical properties and high melting point.
Producing such materials in the SHS mode leads to
the fact that the synthesis products are in a state
heated to high temperatures (characteristic SHS
temperatures are 1800-2500 °C). As a result, ceramic
materials acquire the ability to high-temperature
deformation. In addition, the SHS process is not only
the synthesis of materials in the combustion wave,
but also the processes of phase and structure
formation occurring behind the combustion front.
This leads to the fact that for ceramic materials
obtained in the SHS mode, there is an optimal
temperature-time interval of processing, within
which, under the action of high-temperature shear
deformation, it is possible to obtain compact blanks
with minimal porosity. When leaving this interval,
structural defects and pores will form in the obtained
samples. Thus, at small values of the delay time, due
to the low completeness of the reaction of the initial
components, the processes of phase and structure
formation in the deformed samples may not be
completed. In addition, since the characteristic
temperatures of SHS often exceed the melting
temperatures of most of the initial components, as
well as some synthesis products, an excess amount of
liquid phase may form in the deformed samples.
The presence of a liquid phase has a positive effect
on the ability of ceramic materials to high-
temperature deformation. However, if there is an
excess of it during deformation, the liquid phase will
be squeezed out of the blank, causing deterioration of
the phase composition, structure and an increase in
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porosity. If the delay time is excessive, the materials
lose their ability to plastically deform due to cooling,
which also leads to the occurrence of defects and
cracks in the resulting blanks. Figure 4 shows the
results of studying the effect of the delay time before
applying pressure on the formability of the studied
materials of compositions 0-9. As can be seen from
Figure 4, for composition 0 without a stabilizing
additive, the maximum value of the degree of
deformation was 0.6. Further, with an increase in the

proportion of Y,0O3, the maximum value of the
degree of deformation monotonically increases to
0.75 (composition 5), after which it monotonically
decreases to a value of 0.53 for composition 9.
This type of dependence of the degree of deformation
on the delay time correlates with the behavior of the
dependences of the temperature and combustion rate
on the proportion of Y,03, shown in Fig. 3. Namely,
an increase in the content of yttrium oxide to 5 mol %
leads to an increase in the combustion temperature
and an improvement in the formability of the studied
materials (compositions 0-5), and then to a decrease
in both the combustion characteristics and the
formability of the materials (compositions 6-9).
Figure 5 shows the curves of the dependences of
the degree of deformation of the studied materials on
the deformation rate. This process parameter has a
significant effect on the production of compact
ceramic blanks by the free SHS compression method.
This effect is due to the fact that it was previously
shown that SHS products containing a sufficient
amount of liquid phase can have viscoelastic
properties. Since the combustion temperature of the
studied compositions exceeds the  melting

temperatures of the initial components (7, of
titanium is 1668 °C, T,, of boron oxide is 450 °C),

—=— Comp 0
¢  Comp 1
A Comp 2

—v— Comp 3
< Comp 4

—»— Comp 5

—&— Comp 6

—&— Comp 7

—o— Comp 8

0,84

0,74

Deformation degree

0,0 T T T T T T T T T 1

YO, content, % mol

Fig. 4. Dependence of the degree of deformation
of the materials under study on the delay time

—*— Comp 9

including silicon oxide (7}, is 1713 °C), which is an
inert additive and is retained in the synthesis
products, a sufficient amount of liquid phase is
formed during SHS. As a result, the synthesis
products are a solid-liquid suspension with
viscoelastic properties, consisting of molten and
partially unreacted initial components, as well as
crystalline particles of the synthesis products.
This leads to the fact that the viscosity of the
synthesis products increases with the growth of the
deformation rate. Thus, at high wvalues of the
deformation rate, due to the increase in the viscosity
of the synthesized materials, the degree of
deformation decreases, the formability of the
materials worsens and macro and micro defects are
formed. At low values of this parameter, the time of
the SHS compression process increases, leading to
cooling of the material, a decrease in its formability
and the formation of defects.

As can be seen from Fig. 5, the dependence of
the degree of deformation of the studied materials on
the deformation rate also correlates with the
dependences of the combustion characteristics shown
in Fig. 3. With an increase in the proportion of the
stabilizing additive and with an increase in the
combustion temperature, the value of the deformation
rate at which the maximum value of the degree of
deformation is achieved decreases. The maximum
value of the degree of deformation of 0.75 was
obtained for composition 5 at the minimum value of
the deformation rate among all the studied materials,
namely 75 mm-s'. This is due to the fact that
composition 5 has the highest melting point, and, as a
result, as a result of SHS of this composition, the
largest amount of solid-liquid suspension is formed,
the viscosity of which increases with an increase
in the deformation rate.
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Fig. 5. Dependence of the degree of deformation
of the materials under study on the deformation rate
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Fig. 6. Dependence of the degree of deformation
of the materials under study on the value
of pressing pressure

When studying the effect of pressing pressure on
the process of molding ceramic blanks from the
studied materials, it was found that there is a limiting
value of this parameter, exceeding which does not
further affect the molding process. Figure 6 shows the
curves of the dependences of the degree of
deformation of the studied materials on the pressing
pressure. It is evident from the figure that the lowest
value of pressing pressure required to achieve the
maximum degree of deformation corresponds to
composition 5 and is 50 MPa. Since this composition
has the highest combustion temperature and,
accordingly, has the greatest capacity for high-
temperature deformation.

3.3. Phase composition and microstructure
of the objects of study

When studying the effect of high-temperature
shear deformation on the processes of phase and
structure formation in the B;03-Zr-Si0,-Ti-B-Y,03
system, it was found that in materials 0—4 after
deformation, the formation of four phases was
observed, namely monoclinic and cubic zirconium
dioxide, as well as titanium and zirconium borides,
Fig. 7. At the same time, silicon dioxide, which is
part of the initial reagents, is not displayed on the
X-ray diffraction pattern, since it has an amorphous
structure. However, the X-ray diffraction results do
not show any compounds with silicon, thus, it can be
concluded that silicon dioxide is retained in the
synthesis products. At the same time, in similar
materials obtained without applying pressure, the
cubic modification of zirconium dioxide was absent,

and tetragonal and monoclinic ZrO, were formed.

With increasing Y,0O3 content in the starting
materials (compositions 5-9), the samples obtained
under free SHS compression conditions exhibited the
formation of titanium diboride and tetragonal
zirconium dioxide in the form of a solid solution
(Zr0_875Y0.125)01.938 (ICDD PDF2 cardNo 10-81-
8290). At the same time, in similar materials obtained
without applying pressure, the formation of tetragonal
ZrO, in the form of a solid solution

(Zr0_75Y0.25)01.g75 (ICDD PDF2 cardNo 10—81—8292)
was observed.
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Fig. 7. Results of X-ray diffraction analysis
of the materials under study produced
by free SHS compression
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Fig. 8. SHS results of the produced materials
without applying pressure
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Fig. 9. SEM-images of the material based on composition 5 produced by the free SHS compression method

As the SEM-images of the produced compact
ceramic materials showed, the formation of texture
was observed in the structure of the samples obtained
by the free SHS compression method. As shown in
Fig. 9, during high-temperature shear deformation,
the material is deformed in the direction
perpendicular to the axis of pressure application,
which promotes the healing of pores and cracks that
may arise due to the nonequilibrium nature of the
synthesis of materials in the SHS mode, as well as the
formation of the corresponding texture.

In addition, it was found that for materials
obtained in the B,03-Zr-Si0,-Ti-B-Y,03 system,
high-temperature shear deformation does not lead to
a significant increase in particle size compared to
materials obtained without applying pressure.
Thus, the size of zirconium dioxide in materials
obtained under free SHS compression conditions was
5—6 um, while in materials obtained without applying

pressure, the average particle size of ZrO, was 2—4.

4. Conclusion

Compact ceramic materials based on stabilized
zirconium oxide in the initial B;O3-Zr-SiO,-Ti-B-
Y,03 powder system were produced using the free
SHS compression method. The proportion of the
stabilizing additive in the (1-x)ZrO,-xY,0Oj3 ratio was
from 0 to 9 mol %. The influence of such process
parameters of free SHS compression as the delay
time between reaction initiation and pressure
application, deformation rate, pressing pressure on
the molding process, as well as on the processes of
phase and structure formation of compact materials
based on the above materials was studied. It was
found that the dependences of the deformation degree
of the studied materials on the delay time between
reaction initiation and pressure  application,

deformation rate and pressing pressure correlate with
the dependences of the combustion characteristics of

the studied materials on the Y,O3 content.
The dependences of the deformation degree on the
delay time of all the studied materials have
a maximum, after which their ability to plastic
deformation decreases. Thus, there is an optimal time
interval for processing the studied materials by the
free SHS compression method. It is shown that with
an increase in the content of the stabilizing additive
from 0 to 5 mol %, the maximum degree of
deformation increases from 0.6 to 0.75. It was also
found that an increase in the Y,0O3 content to 5 mol %
makes it possible to achieve the maximum value of
the degree of deformation of 0.75 for the studied
materials at a deformation rate of 75 mm-s .

An increase in the Y,03 content makes it possible to
achieve the maximum value of the degree of
deformation for the studied materials at a minimum
pressing pressure of 50 MPa. With a content of the
stabilizing additive from 0 to 4 mol %, the obtained
materials predominantly contain monoclinic and
cubic modifications of ZrO;. A further increase in the

Y,03 content leads to the formation of a tetragonal
modification of zirconium oxide in the obtained
compact blanks. It was also found that in the studied
materials after free SHS compression, texture
formation was observed in the direction
perpendicular to the direction of pressure application.
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