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Abstract: In the present work the elastic modulus of [B-Sis.xAlOxNsg.x ceramics with 5% of rare
earth additives has been studied by a dynamic mechanical flexural method. The obtained results
are discussed in terms of the coefficient x values, which in this case varied from 0.39 to 1.5, as
well as in terms of residual porosity of the sintered samples. In order to follow up the influence of
the latter parameter several samples were subjected to post-sintering HIP treatment yielding fully
dense material. Elastic modulus for the investigated materials varied from 257 to 312 GPa.

INTRODUCTION

It is well known that the elastic modulus (E) of a ceramic material can change from a low
to high values accordingly to the ionic or covalent character of the chemical bonding [1]. The
elastic modulus of silicon nitride with yttria and zirconia, at room temperature, has been found to
be approximately 309 GPa [2]. In a similar manner, additions of Y,0Os3 and Yb,Os to SisNy also
yield a material with E values in the range of 287 to 312 GPa [3]. Sc,0; additions [4] also resulted
in a material with E in the range of 292 to 314 MPa, which were in good agreement with a
previous work [5].It has been also shown [6] that the elastic modulus is strongly dependent on the
phase composition of dense SizN4 ceramics, in particular the a/3 phase ratio due to the difference
between intrinsic properties of the two phases [6]. According to this paper, o and [-Si;Ny
exhibited elastic modulus of 340 and 312 GPa, respectively. In the present investigation the elastic
modulus of B-SicAlyOxNsgx ceramics with 5% of rare earth additives has been studied using a
dynamic mechanical analysis (DMA).

EXPERIMENTAL

In the present study [-SigxAliOxNg samples with 5, 10, 15 and 20 eq. % aluminum
additives (x = 0.39, 0.77, 1.15 and 1.5), and also with a constant amount of rare earth concentrate
additives of 5 wt % were investigated. The exact composition of the rare earth concentrate used are
given in Table I. Samples in the shape of bars were uniaxially and cold isostatically pressed, and
subsequently sintered at 1973 K in nitrogen under normal pressure. Samples for elastic modulus
determination were diamond ground to the final dimensions of 4 x 1,4 x 45 mm rectangular bars.
In order to study the effect of porosity on the elastic modulus some samples were, after sintering,
hot isostatically pressed at 2023 K under 150 MPa nitrogen pressure.



Elastic modulus was measured in a dynamical mechanical analyzer Netzch DMA 242
using a three point bending flexural mode. For porous samples, the measured values of the elastic
modulus were normalized to zero porosity level using the expression:

E =E, (1-1.9P+0.9P?) Eq. 1

where E, is the elastic modulus of a fully dense material, and P is the pore volumetric fraction.
This relationship was initially developed for calculation of elastic modulus of porous materials
containing up to 50 % of porosity and a Poisson rate of about 0.3 using table values of elastic
modulus of fully dense materials and the measured porosity of sintered materials[1,7]. However,
in our case this relationship was used inversely since the standard values of fully dense [3-
SiAlONSs of various stoichiometries are not available, and exactly these values presented the goal
of the present work.

Table I: Composition of rare earth concentrate.

Rare earth oxide Wt %
Y,05 89,5
Er,O; 3,9
Dy,03 3.8
Lu,O3 1,8
Gdy03 0,6
Ho,0; 0,2

Tm,0O; 0,2

RESULTS

Figure 1 shows the variation of the elastic modulus (E and E,) with aluminum
concentration for pressure-less sintered samples. It can be seen that there is a decrease in the
elastic modulus as the Al concentration is increased. Substantial difference between E and E, is
noted for lower Al concentrations where the porosity is higher. Such behavior can be attributed
to the increase in substitution of Si*™* and N for Al™ leading to B-Sis.xAlxOxNsx solid solution
formation, which have a higher degree of ionic bonding, and also to a higher yield of
amorphous aluminosilicate intergranular phases.
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Figure 1 — Elastic modulus (E and E¢) with variation of the aluminum concentration for samples

pressure-less sintered.

Figure 2 shows the variation of the elastic modulus (E and Eg) with aluminum
concentration for samples sintered and subsequently subjected to HIP. In this case there is a
better densification and consequently a lesser disparity between E and E,. Some of the
properties of the studied -Sis.xAlyOxNg_x materials are summarized in Table II.
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Figure 2 - Elastic modulus (E and E,) with variation of the aluminum concentration for samples

sintered and subsequently subjected to HIP.



Table II — Some properties of sintered and sintered and HIP-ed SiAIONSs.

SINTERED SINTERED AND HIP-ed
X Eq.% | dr | Pore E Ey dr Pore E Ey
values Al % % (GPa) | (GPa) % % (GPa) | (GPa)
0.39 5 925 | 7.5 | 2736 | 317+4 | 97.3 2.7 312 328
0.77 10 95.8 | 42 | 2763 | 3005 | 97.9 2.1 289 301

1.15 15 97.1 | 2.9 | 27243 | 287+4 | 99.1 0.9 288 293
1.50 20 96.2 | 3.8 | 2574 | 2764 | 994 0.6 286 289

CONCLUSIONS

Increasing the amount of aluminum concentration on the -SiAION compound causes a
decrease in the elastic modulus of the specimens. As expected, a lower the porosity yields a
material with higher elastic modulus. Specimens that were hot isostatically pressed after sintering
showed superior elastic modulus. DMA proved to be an excellent method to study these
materials.
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