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Abstract. The structures of ceramic materials of known compositions based on silicon
nitride with high (SisNs-5wt.%Y-0s-5wt.%Al;03), medium (SisNs+-5wt.%Y:05-2wt.%Al>05)
and low (SisN,-2wt.%Y:0s-1wt.%Al;03) content of sintering activators after high-
temperature deformation according to the direct extrusion scheme were analyzed. An
increase in grain size and an increase in the number of anisometric grains in the
structure of the deformed material were recorded, with the vast majority of anisometric
grains being located coaxially with the longitudinal axis of symmetry of the matrix. The
stress state in the deformation zone is considered. The influence of the stress gradient in
the deformation zone on mass transfer processes is shown. The mathematical model of
the influence of the stress state on the growth of elongated fS-SisN, grains in an
inhomogeneous stress field in the transition cone of the matrix is considered.

Keywords: silicon nitride, deformation, stress state, deformation mechanism, growth of
elongated grains.

During high-temperature extrusion of silicon nitride materials, an increase in
grain size and an increase in the number of anisometric grains are observed, with the
vast majority of anisometric grains being located coaxially with the longitudinal axis
of symmetry of the matrix. Some of these elongated grains are grains of the initial
structure that have reoriented (rotated along the axis) in the stress field. The
formation of the other part of the hexagonal elongated grains of the B-phase, located
in the deformed structure parallel to the extrusion direction, must occur during the
high-temperature deformation process due to the dissolution of other grains.
Supersaturation in the liquid phase is determined by the size and shape of the B-
grains. Planes with an equilibrium concentration higher than the concentration in
the liquid dissolve and thus ensure the transition of a certain number of atoms of the

base material into the liquid intergranular phase.
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The flow of atoms of a material into a particular region depends on the
chemical potential of the atoms. The transfer of material from one region to another
will occur only if it leads to a decrease in the total free energy. For this, there must
be a gradient of one of the factors between different regions that affects the energy
of the atoms. If we assume that in the material of the initial sample grains of
different sizes and the intergranular phase are evenly distributed over the volume,
and also that the composition of the intergranular phase at all points is
approximately the same, then such influencing factors can be temperature and stress
state in different volumes of the material. In [1], an assessment of the temperature
field in the volume of a silicon nitride billet was carried out during hot pressing with
radial induction heating up to 1800 °C at a speed of 10 °C/min. This assessment
shows that, firstly, the inhomogeneity of the temperature field in the axial direction
is much smaller than in the radial direction, and secondly, the inhomogeneity will be
significant in the case of pressings with a diameter of more than 100 mm. Judging by
the images of temperature fields presented in this work, when deforming billets with
a diameter of 30 mm, the maximum temperature non-uniformity will not exceed 100
°C. Therefore, it can be assumed that during high-temperature extrusion,
temperature non-uniformity will not have a significant impact on mass
transfer processes.

Based on the diagram of the stress state of the material during high-
temperature extrusion, let us present the stress state in which an individual grain of

material is during high-temperature deformation (Figure 1).
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Figure 1 — Growth of elongated grains under conditions of a gradient stress field

Each grain of the material and the volume of the intergranular phase
surrounding it are in conditions of non-uniform compression. Compressive stresses
are maximum on the side of load application, i.e. on the side of the punch, decrease
as they move along the axis to the output channel of the matrix, and, if we talk about
a certain elementary volume, are the smallest in its lower part. Thus, in the
intergranular phase surrounding the grain, there is a stress gradient that causes the
movement of dissolved atoms of the base material to the lower part of the
elementary volume, where they participate in the completion of the hexagonal
lattice of the elongated grain of the B-phase.

At the stage of stable deformation, when there is much less uncrystallized
intergranular phase between the grains, the transition of dissolved atoms to the sites
of completion of the hexagonal lattices of elongated grains of the p-phase will occur
through this uncrystallized phase and by grain boundary diffusion along the grains
of the base material or diffusion in the crystallized intergranular phase.

Conclusions

The influence of the stress gradient in the deformation zone on mass transfer
processes is shown. The stress gradient in the high-temperature deformation zone

promotes the growth of elongated grains f—SizN4
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MOJEJIb BIVIVIBY HAITPY>KEHOI'O CTAHY HA PICT BUJOBXEHUX 3EPEH
B-SisN4 ITPY BUCOKOTEMITEPATYPHIN JE®OPMAILIIT KEPAMIKU HA
OCHOBI HITPU1Y KPEMHIIO
[.O. T'Hunuig

Anomauin. IIpoaHanizosaHo cmpykmypu KepamiuHux mamepianie gidomux ckiadié Ha
0CHO8I Himpudy kpemHilo 3 e6ucokum (SisN&5mac.%Y,0s-5mac.%Al;0s), cepedHim
(SisNs-5mac.%Y-0s-2mac. % Al;0s) i Husbkum (SisNs-2mac.% Y:0s- Imac.%6Al1;03) emicmom
aKkmueamopie CNikaHHs Nicis ucokomemnepamypHozo depopmysaHHs no cxemi npAmoi
excmpysii. 3agikcosaHo 30i1bUIeHHS PO3MIpI8 3epeH 1 30inbUWeHHs KilbKocmi
AHI30MempUUHUX 3epeH 8 CMPYKMypi 0epopmMo8aH020 Mamepiaty, NpuHOMYy nepesaicHa
OiIbWICMb AHI30MEMPUUHUX 3ePeH PO3MillleHi CiBBICHO 3 N03008X#CHBOK BiCClO cCUMempil
mampuyi. PosznaHymo uanpyxceHuli cmau 6 30Hi Odeopmauii. IlokazaHo enue
2padieHmy HanpyxceHvb 8 30Hi depopmauii Ha npouecu maco nepeHocy. Po3znsmHymo
mamemamuuHy Mooesb 6NUBY HANPyHeHo020 cmaHy Ha picm eudoexceHux 3epeH f—SizN,
8 He0JHOPiIOHOMY NONi HanpyxceHv Y nepexioHomy KOHYCi Mampuyi.

Knrwuoei cnoea: nimpud kpemHin, Odepopmauis, HanpymeHulli cmav, MeXaizm
depopmauii, picm 8udo8xceHUX 3epeH.
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