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Abstract — Two sialon compositions (Y0,33Si105A11,5005N155
and Yo5SiosAl2501,0N150) were used to determine the effect of
starting components on densification and properties of sialon
materials. Plasma synthesized nanopowders (SisNas, AIN, Al2Os3,
Y203 and 73 wt% SisN4-27 wt% AIN nanocomposite) were used
for the investigation. Materials were sintered using traditional or
spark plasma sintering methods. Sintering temperature was
reduced significantly, if SisN4-AIN nanocomposite was used as
one of the components. The increased amount of a-sialon phase
and higher hardness were characteristic to materials obtained
from individual SisN4, AIN, Al203, Y203 components.
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. INTRODUCTION

Ceramic materials based on SisNs (including sialons) are
characterized by outstanding mechanical properties (hardness,
bending strength, etc.) at temperatures up to 1400 °C, and good
wear and corrosion resistance [1]. These materials are promising
candidates for application as structural materials at elevated
temperatures [2].

The powder determines processing, sintering behaviour and
subsequent formation of microstructure; microstructure has a
strong effect on many properties of dense materials [3].
Diffusion velocity and diffusion distance are of great importance
in compaction of compounds with covalent bonds, for example,
sialons. The diffusion distance can be decreased by using
nanosized raw powders for production of compact materials. As
it is obvious from many investigations of compaction [4]-[6],
the application of SisN4 nanopowders enables to decrease the
sintering temperature and to accelerate the sintering process.
This results in material with more fine-grained structure and
modified properties.

This investigation is based on previous research [7]-[8] and
is a continuation of it. The aim of this paper was to show the
effect of different nanosized starting components on
densification, structure, phase composition and properties of
sialon materials for two compositions.

II.EXPERIMENTAL

Two sialon compositess —  Yo.33Si105Al15005N155
(composition 1) and YosSigsAl25010N150 (Composition 2) —
were prepared for research. Individual SisNs, AIN, Al>Os,
Y203 nanopowders (series A) and previously synthesized
SisNs-27 wt% AIN nanocomposite with Al,O; and Y03
additives (series B) were used to prepare sialon compositions.
These nanopowders and SisNs-27 wt% AIN nanocomposite
were prepared via plasma-chemical synthesis in nitrogen
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plasma, using metallic (Si, Al) and oxide (Y203, Al;O3)
powders as raw materials [9]. Their characteristics are given in
Table I. SisN4 nanopowder (both as pure nitride nanopowder
and in nanocomposite SisNs-AIN) contains up to 20 %
crystalline SisNg (ratio a-/B- is approximately 1:1), the rest is
X-ray amorphous SisNs. Particles of pure SisN4 nanopowders
and SisN4-AIN nanocomposite are irregular. Micrographs of
these nanopowders are given in Fig. 1. Nanopowder of Al;O3
consists mainly of 3-Al,03; and 6-Al,O3 phases. Y,03 contains
30 wt % cubic phase and 70 wt% monoclinic phase.

TABLE |
CHARACTERISTICS OF THE STARTING POWDERS
Chemical composition, wt.%* Average
SSA, .
Powder . . , particle
SizN, AIN A|203 Y,03 Sifree m /g size nm
Si3Ng 98.1 — — — 0.7 65 35
AIN — 98.0 — — 40 50
Y03 — — — 100 25 65
Al;,03 — — 100 — 50 40
SigNg-
AIN 71.1 27.1 — — 04 75 30
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Fig. 1. Micrographs of SisN, (a), SisN4s-AIN (b) and Al,O; (c) nanopowders.
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Samples of sialon ceramics were sintered using traditional
or spark plasma sintering (SPS) methods. Traditional sintering
was performed under nitrogen atmosphere at temperatures up
to 1750 °C with heating rate 10 °C/min and an isothermal
dwelling time of 2 h. Sialon nanopowders where prepared for
traditional sintering as follows: 3 wt% stearic acid was mixed
mechanically with sialon nanopowder for 1 h in planetary mill
(400 rpm, vessel material — SisN4, milling ball material —
SisN4) using isopropanol as dispersing environment. After
mixing samples were dried in an oven at 80 °C and sieved.
Samples where pressed (200 MPa) in pellets with 12 mm
diameter and 4-6 mm height. Stearic acid was burned out at
600 °C.

SPS compacting was performed using Toshiba equipment
(Dr. SINTER, SPS-825.CE): at 100 °/min up to 1600 °C, 50 °/min
from 1600 °C to 1700 °C, isothermal dwelling time at 1700 °C was
5 min, samples were cooled with furnace. The load on sample was
30 MPa. Sintering was done in vacuum. Current pulsation rate was
of 14 impulses per second.

Phase composition and crystallite size of specimens was
determined using X-ray diffractometry (XRD) (Advance D8,
Bruker AXS).

Particle size and morphology of powders was examined using
transmitting electron microscope (TEM) (Philips CM20). The
average particle size was evaluated from the data of specific surface
area (SSA).

Density of sintered samples was determined using
Archimedes method. Microstructure was observed by the
scanning electron microscopy (SEM) (Hitachi, S4800 and
Supra 40VP, Zeiss, HR-SEM) on fracture surface. Hardness
(HVs, load 49 N) was measured using Vickers indentation
technique.

As it follows from [10], the sintering temperature of materials
obtained from nanopowders was significantly lower than
sintering temperature of materials obtained from sub-micron
industrial powders. Our research showed that the choice of
starting components also is significant in formation of materials.
For example, if individual SisNs and AIN nanopowders were
replaced by plasma-synthesized SisNs-AIN nanocomposite with
the same composition and dispersity, the sintering temperature
of sialon decreased by approximately 100 °C (Fig. 2).

The differences in sintering process are due to the
peculiarities of formation of nanopowders. A lot of chemical
interactions in plasma synthesized SisNs-AIN nanocomposite
occur already during production of this composite. Some
sialon phases (for example, SiigAlg2012N1g) possess lower
sintering temperature and have been less viscosity
formed [11]. Therefore the samples obtained from SisN-AIN
nanocomposite (B series) sinter at lower temperature than
samples obtained from individual nanopowders, but the
product contains less of a-sialon phase.

Also the hardness of B series samples reaches the maximum
value at lower temperatures (Fig. 3). Such regularity has been
observed also for composition 2.

RESULTS AND DISCUSSION
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Fig. 2. Change of relative density of samples with composition 1 during
sintering.
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Fig. 3. The dependence of sialon hardness on sintering temperature for
samples with composition 1.

Microstructure of samples depended on their chemical
composition (Fig. 4). Considerable formation of needle-
shaped crystals (especially for sample with composition 2)
began at 1600-1650 °C. The crystallite size of materials
obtained at 1650°C (for both «- and B-sialon) was
approximately 100 nm, but the grain size is in the range of
200-300 nm (the average diameter of needle-shaped crystals)
and length — up to 2 um.

As shown by X-ray phase analysis, the content of a-sialon
phase was about 50 % in the sample 1A and about 100 % in
the sample 2A. The content of a-sialon in B series samples |
was significantly lower (Fig. 5) for both compositions; this
also determines the properties of materials, respectively
hardness. Obviously the formation of a-sialon phases is more
difficult for B series.
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Fig. 4. Microstructure of series A sialons sintered at 1650 °C.
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Fig. 5. Phase composition of sialon of composition 1 sintered at 1600 °C.

Similar regularities have been observed using SPS sintering:
series B samples stop shrinkage at the temperature, which is of
about 100 °C lower than for series A samples (Table I1).

TABLE Il
CHARACTERISTICS OF SAMPLES SINTERED BY THE SPS METHOD (1700 °C)

Temperature, °C Relative Open

No. beginning end_ of density, | porosity, HV5, Cr_ystalllte

of shrink GPa size, nm

. % %

shrinkage | age

1A 1210 1600 97.8 0 16.8+09| 65-75
1B 1020 1500 96.4 0.3 15.7+0.6| 80-90
2A 1170 1550 97.8 0.2 171+05| 70-75
2B 1000 1450 96.0 0.3 155+0.7| 80-90

All characteristics of samples obtained using SPS method
are almost the same as in the case of traditional sintering. An
exception is the phase composition of samples sintered using
SPS process: they consist of almost pure B-sialon phase. This
partially explains lesser hardness of these samples in
comparison to those produced by traditional sintering. This
shows that the rapid increase of temperature and the short
sintering time of SPS process results in a high density
material, but is not sufficient to transition completely from (-
to a-sialon.

Such a peculiarity of the SPS process can be explained by the
formation of a specific phase during the thermal treatment of
nanopowders. Contrary to the case of industrial powders (SisN4
Ube), where a-sialon forms directly from o-SisNs, in the case of
nanopowders o- and [B-SisNs phases first crystallize from
amorphous SisN4 until 1400 °C. Then with the rise of
temperature (above 1400-1450 °C) silicon nitride transforms
into B-sialon, which becomes the main phase at temperatures
around 1500 °C [4]. Over 1500-1550 °C a-sialon begins to form
and its amount increases together with temperature (Fig. 6.). At
1650 °C both sialon phases (a- and B-) exist, as well as a small
amount of Y3SisOsNs. It is obvious that at these experimental
conditions short sintering time is too low for the formation of
a- or a-/B- sialon phases corresponding to the phase diagram

[12].
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Fig. 6. Changes of phase composition of sialon 1A: 1 - a-SigNg, 2 - - SisN,
and B- sialon, 3 - a-sialon.

IVV. CONCLUSION

Two sialon compositions (Yo33Si105Al15005N155 and
Yo05Si95Al2501.0N150) Were prepared from plasma synthesized
nanopowders (SisNa, AIN, AlO; and Y,03) and SizNs—
27 wt% AIN nanocomposite. Materials were sintered by
traditional and spark plasma sintering.

It was shown that in the case of spark plasma sintering short
sintering time was not sufficient to form a-/p-sialon phases.

It was found that in the tradicional and SPS sintering
process the sintering temperature decreased significantly, if
Si3N4-AIN nanocomposite was used as one of the components.
However, the increased amount of a- sialon phase and higher
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hardness are characteristic for materials obtained from
individual SizN4, AIN, Al;O3 and Y203 nanopowders.
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Ilmars Zalite, Ints Steins, Natalja Zilinska. Izejas materialu ietekme uz nanostrukturétu sialona materialu sakepSanu un ipa§ibam.
Darbs veltits dazadu izejas komponentu lomas noskaidro$anai sialonu kompozicijas izveid€, kompakta materiala ieguvé un ietekmé uz iegiita
materiala ipaSibam. Izgatavotas divas atSkirigas o-sialona (Yo0:33Si10,5Al1,5005N155 Un Yo,5Si95Al2501,0N150) kompozicijas ka izejvielas
izmantojot augstfrekvences plazma sintez&tas SisNa, AIN, Al203 un Y203 nanokomponentes (A s@rija) un SisNs—27 masas % AIN
nanokompozitu (B sérija) ar Al203 un Y203 piedevam sastava korigéSanai. Kompaktu materidlu ieguvei izmantota klasiska bezspiediena
sakepinaSana slapekla vidé (temperatiras celSanas atrums 10 °C/min.; izturéSanas laiks 2 h) vai dzirkstelizlades plazmas sakepinaSana
(temperatiiras celSanas atrums 100 °C/min.; izturé$anas laiks 5 min.) temperatiiras lidz 1700 °C. Ka ir pieradits iepriek$, no nanopulveriem
iegiito materialu sakepinaSanas temperatiira ir ievérojami zemaka neka no submikrona izméra ripnieciski razotiem pulveriem. Misu pétijumi
liecina, ka butiska loma sialona materiala sakep$ana ir ar nanoizmera izejas komponentu izvélei. Pieméram, aizstajot atseviSku SisN4 un AIN
nanopulveru maisfjumu ar plazma sintezetu tada paSa sastava un dispersitates SisN4-AIN nanokompozitu, sialona sakepSanas temperatiira
samazinas par aptuveni 100 °C. Turpretim, materialiem, kas iegtiti no atseviskam SisN4, AIN, Al203 un Y203 nanokomponentém, ir raksturigs
palielinats a-sialona fazes saturs un augstaka cietiba. Tas varétu but saistits ar izmantoto nanopulveru veido$anas ipatnibam: iegiistot SiaNg-
AIN nanokompozitu plazma daudzas kimiskas mijiedarbibas ir notikusas jau iegtSanas laika — veidojas sialonu saturosas fazes ar zemaku
sakepSanas temperatiiru un mazaku viskozitati (pieméram, Si1,8Alo201,2N18). Tapéc paraugu, kas iegliti no SisNs-AIN nanokompozita,
sakepSana notiek zemaka temperatiira neka paraugiem, kas iegiiti no atseviskam nanokomponentém. Paraugu fazu sastavs ir atkarigs no to
Kimiska sastava: rentgenstruktiiras analize parada, ka a-sialonu fazes saturs 1A parauga ir aptuveni 50 % un parauga 2A — aptuveni 100 %. B
s€rijas paraugos a-sialonu saturs ir ieveérojami zemaks; tas arT nosaka materialu ipasibas, pieméram, cietibu.

Paraugu mikrostruktiiru liela méra nosaka gan to kimiskais sastavs, gan kompakteS$anas temperatiira. Materialu, kas iegtiti no nanopulveriem
1600 °C temperattra gan o-, gan f-sialonu fazu kristalitu izm@rs ir ~ 100 nm, graudu lielums ir 200-300 nm. Ievérojama adatveida kristalu
veidoSanas (ipasi 2A paraugam) sakas 1600—1650 °C. Vidg&jais adatveida kristalu diametrs ir aptuveni 200 nm un to garums ir 1idz 2 pum.
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