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Abstract 
The expanded interest on sialon ceramics is related to their increased 
mechanical properties (hardness, fracture toughness and strength). 
Sialon ceramics are being prepared from powders and a significant 
meaning in formation of ceramics structure is the size of starting powder 
particles.  
Investigations were made on the preparation of α-SiAlON’s from different 
starting compositions of nanopowders. The nanopowders (Si3N4-AlN-
Al2O3, Si3N4-AlN-Al2O3-Y2O3) were produced by plasmachemical 
synthesis and had an average particle size of 30-50 nm. An ordinary 
sintering (1200-1650°C) was used for compacting the materials. Sialon 
ceramics were obtained from commercial powders at the same conditions 
for comparison. Microstructure and properties of these materials were 
investigated. 
The results of this study show that the densification behaviour of the 
materials depends on the powder composition and the size of the particles 
used as starting powder. It is possible to obtain a fully-dense material 
with good mechanical RT properties at a comparatively low temperature 
of sintering (1500-1600°C) by using nanosized powder in comparison 
with materials made from μm-sized starting powder. The grain size of 
sialons prepared from nanopowders is smaller (200-300 nm) than 
materials prepared from commercial powders. 
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INTRODUCTION 
The majority of Si3N4 based ceramics (e.g. SiAlON) are made from powders and 

therefore they depend to a large extent on the quality of the starting powders. The powder 
determines the processing, the sintering behavior and the subsequent formation of the 
microstructure, which strongly influences many properties of the dense materials [1]. One 
of the perspective materials in system Si3N4-AlN-Al2O3-Y2O3 are α-sialons possessing 
excellent hardness, fracture toughness and strength.  

Sintering of nanosized Si3N4-Al2O3-Y2O3 and sialon powders [2,3] has shown their 
possibility to form a dense structure at lower temperatures in comparison with the industrial 
powders of the same composition, moreover, ceramics produced from nanopowders have 
finer microstructure.  

Therefore the aim of the investigation was the comparison of the sintering 
behavior of sialons in the system Si3N4-AlN-Al2O3-Y2O3 (α- and α+β- sialons) made from 
nanopowders and commercial powders.  
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EXPERIMENTAL 
The composite was produced from nanopowders, which were prepared via plasma-

chemical synthesis in nitrogen plasma, using metallic (Si, Al) and oxide (Y2O3, Al2O3) 
powders as raw materials [4]. Two plasma-synthesized nanopowders were used – the 
mixture of Si3N4-AlN-Al2O3 and Si3N4-AlN-Al2O3-Y2O3 (Tab.1). Micrographs of some 
nanopowders are given in Fig.1. 

 Tab.1. Chemical composition and size distribution of the starting powders. 

Chemical composition [wt%] Powder Si3N4 AlN Al2O3 Y2O3 Sifree

BET 
[m2/g] 

d50
[nm] 

Si3N4-AlN-
Al2O3

85.8 9.7 3.9 - 0.6 50 40 

Si3N4-AlN- 
Al2O3-Y2O3

83.7 8.0 2.6 4.1 1.3 70 30 

 

  
Fig.1. Micrographs of Si3N4-AlN-Al2O3 (a) and Si3N4-AlN-Al2O3-Y2O3 (b) nanopowders. 

The composition of the starting mixtures was, in general, restricted to the 
concentration plane Si12N16 – Al12O12N4 – Y4Al12N16, so the final compositions would be 
either monolithic α- sialon or composite α+β- sialons according to the phase diagram [5]. 
The specimen compositions used are plotted in Fig.2 and given in Table 2. 

Tab.2. Composition of specimens, wt.%. 

No. Si3N4 AlN Al2O3 Y2O3 Phase range (theoretic) 
1  
2  
3 
4  
5 

68.6 
73.3 
81.6 
72.9 
85.8 

16.4 
15.5 
9.4 

16.9 
7.3 

2.8 
3.2 
3.3 
2.2 
2.7 

12.2 
7.9 
5.7 
8.1 
4.1 

α’ 
α’ 
α’ 
α’ 

α’+β’ 
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Fig.2. Specimen composition spots in the phase diagram of the Y-Si-Al-O-N system. 

Samples obtained from nanopowders were made by using Si3N4-AlN-Al2O3 
(samples 1A to 3A) and Si3N4-AlN-Al2O3-Y2O3 (samples 4A and 5A) nanocomposites and 
a small amount of AlN (H.C.Starck, grade B) and Y2O3 (H.C.Starck, grade C) powder 
additions for a correcting of the composition.  

Simultaneously sialon powders of the same composition were prepared from 
industrial powders (marked from 1B to 5B). The starting material for the conventionally 
prepared sialon consists of a mixture of α-Si3N4 (UBE, SN-10E), AlN (H.C.Starck Grade 
C), Al2O3 (Alcoa Chemie GmbH, A16SG) and Y2O3 (Nanophase) powders.  

All powders were mixed with 2 wt.% of stearic acid, homogenized in hexane for 
15 h in a rotating polyethylene bottle with silicon nitride balls, and afterwards treated for 2 
hours in an ultrasonic bath. After drying at 80°C the powders were sieved through a 200 μm 
mesh. Green bodies with a diameter of 15 mm and a height of 7-8 mm were produced by 
die pressing with a pressure of 200 MPa. The densities of samples (“green body”) pressed 
from nanopowders were 45 to 48% and from conventional powders about 52 - 57%. 

After removing the stearic acid at 600ºC the samples were pressureless sintered 
under nitrogen atmosphere up to 1650°C with a heating rate of 10°C/min, and holding time 
of 2 hours. The heating was interrupted at 1200, 1300, 1400, 1450, 1500, 1550, 1600 and 
1650°C in order to investigate the sintering process. 

The chemical composition of the nanopowders (N, Sifree, Y, Al) was determined by 
chemical analysis. Phase composition of the sintered specimens was performed via X-ray 
diffractometry (XRD). The size and morphology of particles were determined by the 
transmission electron microscopy (TEM). The microstructure was observed using scanning 
electron microscopy (SEM) on fracture surfaces. Density of the sintered samples was 
determined by the Archimedes method. Hardness (loads: 9.8 N and 49 N) and fracture 
toughness (load: 98 N) were measured by the Vickers indentation technique. 
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RESULTS AND DISCUSSION 
Figure 3 shows the variation of the relative density during the sintering process. 

All materials showed nearly a constant relative density up to 1300°C for nano- and 1500°C 
for commercial powders. The densification of all samples obtained from nanopowders 
occurs at the temperature range of 1500-1600°C and at higher temperatures an increase of 
density does not take place. The commercial powders almost do not sinter at temperatures 
up to 1650°C (only 60-70% of T.D.). Sample 4B reached the maximum density of 87%.  
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Fig.3. Changes of the relative density during sintering of all specimens. 

The microstructure of samples depends on their chemical composition. The grain 
size of samples prepared from nanopowders at temperatures up to 1600°C changes 
insignificantly and is in the range of 200 – 300 nm. Also at the temperature of 1650°C the 
grain size of sintered samples does not change noticeably, except sample 2A, where the 
grain size increases a little bit (Fig.4). Significant formation of needle-shaped crystals 
(samples 3A, 5A and especially 4A) begins at the temperatures of 1600-1650°C. The 
average size of needle-shaped crystals is about 200 nm in diameter and up to 2 μm in 
length. The microstructure of samples sintered at 1650°C from commercial powders is 
porous and the grain size is in the range of 0.5-1.0 μm. The crystallite size of samples (both 
for α- and β-sialon phases) obtained from nanopowders at 1650°C is ∼ 100 nm. 

The phase formation differs in the case of sintering of commercial and 
nanopowders. While in the case of commercial powders α-sialon forms directly from α-
Si3N4 already at 1450oC (transformation of α-Si3N4 to α-sialon was not completely finished 
at 1650°C, but in sample 5B β-Si3N4 is also obvious), in the case of nanopowders the 
amorphous Si3N4 firstly crystallizes into the α- and β- Si3N4 up to 1400°C, but above 1400-
1450°C β-sialon begins to form. At temperatures 1500-1550°C also α-sialon forms and its 
amount increases with the increase of temperature. The phase composition of samples 
sintered at 1650°C depends on the starting chemical composition and contains either only 
β-sialon (5A) or mixed α- and β-sialons (2A, 3A, 4A), or only α-sialon (1A). 
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Fig.4. Microstructure of samples sintered at 1650°C. Magnification 20000 x. 

The hardness of sintered materials is directly related to their density, as is shown 
in Fig.5. The Vickers hardness of the samples prepared from nanopowders was in a range 
of HV5 = 18-23 GPa. The highest hardness was observed for sample 2A which has the least 
needle-shaped crystals.  

Materials from industrial powders are not fully sintered, therefore their hardness is 
small (HV5 = 2-3 GPa). Only sample 4B is more dense with higher hardness. 

Also the hardness of two-phase (α-+β-sialon) samples is changing proportionally 
to the density, and the sample from nanopowder (5A) reaches the maximum hardness 
(HV1= 17.5-19 GPa) already after sintering at temperatures of 1500-1550°C (Fig.6). The 
fracture toughness increases with the increase of sintering temperature and developing 
microstructure, including the growth of needle-shaped crystals 
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Fig.5. Hardness of sialon samples depending on sintering temperature. 
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Fig.6. Changes of material properties – hardness (1,4) and fracture toughness (2,3) during 

the sintering process. 1,2 – sample 5A; 3,4 – sample 5B. 

CONCLUSIONS 
The results of this study show that the densification behavior of the materials 

depends on the powder composition and the size of the particles used as starting powder. It 
is possible to obtain dense materials from nano-sized powder at relatively low temperatures 
(1500-1600°C) with good mechanical RT properties in comparison with material made of a 
µm-sized starting powder. 

The grain size of sialon materials prepared from nanopowders is smaller (200-300 
nm) than in the case of using commercial Si3N4 powder. 

If industrial powders are applied, the formation of α-sialon takes place directly 
from α- Si3N4, but for nanopowders the β-sialon forms first of all, which transforms to the 
α-sialon at higher temperatures. 

The hardness of obtained materials is directly related to their density, and for 
samples prepared from nanopowders by sintering at 1650°C was in a range of HV5 = 18-23 
GPa. Fracture toughness grows with the rising sintering temperature and growth of needle-
like grains, and reaches 6 MPa.m1/2 for samples sintered at 1650°C. 
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