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Abstract. Investigation of the fabrication ofsialon ceramics from nanopowders by the method of
ordinary sintering (1200-168CQ) and hot pressing (1800 and 19C) was carried out. Samples of
sialons were made by usingiSi-AIN-Al ,0; and SiN,;-AIN-Al ,05-Y ;03 hanopowder composites,
fabricated by the method of plasmachemical synthesis. Samples from nanopowders attain the
density of 95-98% already at 1550-18G0while industrial powders at the temperature of 1600—
1650°C reach the density of on§0-85%. The highest hardness of materials from nanopowders
was attained after sintering at 1600-1850and is HVs =21-23 GPa depending on the
composition. These results correspond well with properties of nanopowders obtained by hot
pressing at 1800-192Q (at 1910C the hardness i#V; = 20-21 GPa, bending strength

o3p = 520-670 MPa and fracture toughnkgs= 4.0-7.0 MPa.?, depending on the composition).
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1. INTRODUCTION

Special interest on sialon ceramics ifated to their increased mechanical
properties (hardness, fracture toughnasd strength). Due to good corrosion
resistance and mechanical characterissitison nitride based ceramic materials,
including sialons, are promising caddtes for structural materiaf§ [for
application at increased temperatures up to 1200

A lot of investigationsq“] have been carried out during last years on the
preparation of sialon ceramics, especially the effect of microstructure of
materials on their properties.

Sialon ceramics are being prepared froovders and therefore properties of
ceramic materials depend to a large extent on the quality of the starting powders.
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The powder determines the processing, the sintering behaviour and the sub-
sequent formation of the microstructusehich strongly influences many pro-
perties of dense materiaf§.|

According to f], there are two approaches to improve mechanical properties
of ceramics. One is the control of the microstructure and another is the fabrica-
tion of the composite. The microstructure of the material can be significantly
changed by using nanosized compounds and their composites for the preparation
of materials. The distinctive profiies of nanophase materials are low-
temperature plasticity, high diffusion déieient and high solubility. Investiga-
tions of the preparation of 3Bl,-Al,0;-Y,0; and sialon ceramics from nano-
powders [ show that the application ofianopowders allows to decrease
sintering temperature of powders andambtceramics with finer structure and
changed properties.

The aim of this work was to ingtigate the compacting processae§ialon
nanopowders of several composition in the systesfN,;AIN-Al ,0s-Y,0; by
sintering and hot pressingethod as well as comparison of the ceramics with
materials, obtained in similaonditions from industrial powders.

2. EXPERIMENTAL

Investigations were made on the preparation-sfalon ceramic materials of
different compositions from nanopowder composites. Three sefiesialbn were
investigated with formulas 0%:Sig25Al27/01.0N14.95  Yo.4585i0.68Al 23100 99N15 05
and  Yy.4eSig 3dAl 2 6101 1N 14 83 NanOpOWdel’s (SN4-AIN'AI 20O; and SiNs-AIN-
Al,03Y,05) (Table 1) were produced by theethod of plasmachemical synthesis
and have an average particle size of 30-50'fjm Micrographs of some
nanopowders are given in Fig. 1.

The composition of the starting mixturess, in general, restricted to the
concentration plane SNig— Al1501.,N4 — Y4AI1N16, SO the final compositions
would be monolithia-sialon, according to the phase diagrath The specimen
compositions used are plotted in Fig. 2 and given in Table 2.

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

Powder Chemical composition, wt% SSA*, | dsq,
2
SNy | AN | AlLO; | Y;05 | Siee | M9 | MM
SizN,-AIN-Al ,04 85.8 9.7 3.9 - 0.6 50 40
SizN4-AIN-Al ,05-Y ;05 83.7 8.0 2.6 4.1 1.3 70 30

* Specific surface area.
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Fig. 1. Micrographs of SN,-Al,O3-AIN (a) and SiN4-AIN-Al ,05-Y,03 (b) nanopowders.
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Fig. 2. Specimen composition spots in the phase diagram of the Y-Si-Al-O-N system.

Table 2. Composition ofi-sialon specimens, wt%

No. | SiN, | AN AlLO; Y0, | m | n*

1 69.3 16.6 1.8 12.3 172 1.05
2 74.0 15.7 2.2 8.0 136 095
3 72.9 16.9 2.2 8.1 144 117

**m” and “n” are independent composition parameters in the general formula
\41/38 I12—(m+n)AI m+nonN 16—n
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Table 3. Properties oii-sialon ceramics prepared by hot pressing &\h)

No. Sintering Density, Open Bending | Hardness | Fracture
temperature, |  g/cnt porosity, | strength, HVy, toughness,

°C % MPa GPa MPa.nt’

1A 1800 3.33 0.1 34520 21.9£0.5 -
1910 3.31 0 52815 20.8:0.7 5.5:0.3

2A 1800 3.26 0.2 53625 21.1+0.8 -
1910 3.26 0 62630 20.2:0.5 4.0£0.2

3A 1800 3.23 0.2 52530 20.4:2.5 -
1910 3.28 0 69840 20.9£0.8 7.0£0.3
3B 1910 3.30 0 70870 20.8:0.7 7.20.3

Samples of ceramics, obtained from nanopowders, were made by using
SizN4-AIN-Al O3 (samples 1A and 2A) andsSi-AIN-Al ,0s-Y,0; (sample 3A)
nanocomposites and small amount ofNA{H.C.Starck, grade B) and.®;
(H.C.Starck, grade Cpowder additions for correcting of the composition
(Table 3). Simultaneously, the sialon ceramics were obtained from commercial
powders:a-SisN, (UBE, SN-10E), AIN (HC.Starck, grade C), AD; (Alcoa
Chemie GmbH, A16SG) and,®; (Nanophase) in the same conditions for
comparison (marked 1B, 2B and 3B).

All powders were mixed with 2 wt% adtearic acid, homogenized in hexane
for 15 h in a rotating polyethylene bottléthvsilicon nitride balls and afterwards
treated for 2 h in an ultrasonic batAfter the following drying at 8TC the
powder was sieved through a 200 mesh sieve. Green bodies with a diameter
of 15 mm and a height of 7—8 mm were prog by die pressing with a pressure
of 200 MPa. Ordingy sintering (1200-165@) and hot pressing (1800 and
191C°C) were used for compacting the méaks. The temperature was raised
10°/min; isothermal holding time wash, sintering medium was nitrogen.

Chemical composition of the nanopowders (NesSlY, Al) was determined
by the chemical analysis. Phase gaosition of the sintered specimens was
performed via X-ray diffractometry. The form and size of particles were
determined by the transmitting electron microscope. The microstructure of the
fracture surface was observed using saameiectron microscopy. Density of the
sintered samples was determined by the Archimedes’ method. Hardness (load 1
and 5 kg) and fracture toughness (loadkdp were measured by the Vickers
indentation technique.

3.RESULTS AND DISCUSSION

Figure 3 shows the variation of the relative density during the sintering
process. All materialshewed nearly a constant relative density up to 2@0@r
nano- and 1500 for industrial powders. The densification of all samples
obtained from nanopowders occurdta temperature range of 1550-160@&nd
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Fig. 3. Change of the relative density during sintering of the specimens.

at higher temperatures the increase efdensity does not take place. Industrial
powders almost do not sintat the temperatures up to 1680— the density is
60—85% at the temperature of 16880

The phase formation by sintering iofustrial and nanopowders is different.
In the case of nanopowders, amorphoudSfirst crystallizes into ther- and
B-SisN,4 until 1400°C, but over 1400-145C p-sialon begins to form; at over
1500°C alsoa-sialon forms and its amount increases with the increase of the
temperature. If at 165C sample 1A contains onky-sialon, then sample 2A
contains also somg-sialon. The most characteristic is formationfedialon in
sample 3A, where the formation afsialon begins only at 160C. With the
increase of compacting temperaturer (Bxample, hot pressing at 1800 or
1910C°C) the proportion ofi-sialon phase increases. Incomplete phase transition
in the samples of “A” series could occur due to increased oxygen content in
nanopowders in comparisoritivthe industrial powders.

In the samples of the “B” serias;sialon forms directly frona—SikN,4 already
starting from 1450C and at 1658C the transition oi—SkN, to thea-sialon has
not been completely finished. Microstructure of the samples depends on their
chemical composition. The grain sizef samples from nanopowders at
temperatures up to 1600 changes insignificantly and is in the range of 200—
300 nm. Also at the temperature of 1860the grain size of sintered samples
does not change noticeably, except sample 2A, where the grain size increases a
little bit (Fig. 4). The grain size increases in the samples of hot pressing: the
average grain size is about 500 nm (Fig. 5).
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Fig. 4. Microstructure of the samples, sintered at 1850

Fig. 5. Microstructure of the samples, hot pressed at 1800

Significant formation of needle-shapedystals begins at the temperatures
1600-1650C. It was observed especially in the hot pressed samples. Moreover,
there are no needle-shaped crystals in the sample 1A, but in the sample 2A the
formation of such crystals is already characteristic, especially during hot
pressing. In both cases the matedahsists only of the phase @fialon. More
characteristic formation of needle-shaped crystals was observed in the sample
3A, where thef-sialon phase has been preserved. The average size of needle-
shaped crystals is about 200 nm in crosscut and uputo @ length, but in
samples, fabricated by the thed of hot pressing, up to 3w4n. The structure of
samples, sintered at 168D from industrial powders, is porous and the grain size
is about 0.5-1.Qm; in the samples, prepared by hot pressing, grains are bigger
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and the length of needle-shaped crystals reach@sm2@ig. 5, 3B). Crystallite
size (both for phases af andp-sialon) of samples, obtained from nanopowders
at 1650C, is about 100 nm, but in the sampbé$ot pressing the crystallite size
is over 100 nm.

Properties of the materials change proportionally to the density, phase
composition, grain size and shape of theéamal. As it is shown in Fig. 6, hard-
ness of obtained materials is directly tethto their density. Samples sintered at
1550-1600C possess maximum hardneb®/{ = 20—-23 GPa), which a little bit
decreases with rising of the sinteringierature (Table 3). The bending strength
increases with the sintering temperatypebably due to grain size and shape:
samples with isoaxial grains haveghéer hardness, but with needle-shaped
crystals — higher bending strength. Witie increase of the amount of needle-
shaped crystals also the fracture tmugss increases. Materials sintered at
1650°C from industrial powders are not fullense; therefore their hardness is
small HVs varies from 2 to 3 GPa). Only the sample 3B is more dense with
higher hardness.

As it is seen in the densification praseof hot pressing (Fig. 7), kinetics of
densification of nanopowders and indudtpawders are significantly different:
in the case of nanopowders more signiftdarthe starting stadium of compacting
(at 1430-155€C), when the density grows due to the grain surface slipping.
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Fig. 6. Hardness ofi-sialon samples depending on the sintering temperature.
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Fig. 7. Process of hot pressing of samples 3B and 3A.

4. CONCLUSIONS

The densification behaviour of invesitgd powders in the sintering process
depends on the composition and particle sizéhe starting powder. It is possible
to obtain dense materials from a nanosized powder at a relatively low
temperature (1550-1600) with good mechanical properties at room
temperature in comparison with a material made pifnesized starting powder.
The grain size of nanopowder materialsinsaller (200-300 nm) than that of the
commercial SN, powder.

If industrial powders are applied, the formation w&ialon takes place
directly from a—SkN,, but for nanopowders thgsialon forms first and trans-
forms to theu-sialon at higher temperatures.

The hardness of obtained materials is directly related to their density and for
samples from nanopowders at 186MHVs was from 21 to 23 GPa. These results
correspond well with properties of nanopists obtained by hot pressing at
1800-1910C; for samples obtained at 191D the hardnessiV; is from 20
to 21 GPa, bending strengtb20-670 MPa and fracture toughness 4.0—
7.0 MPa.n'? depending on the composition.
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Nanopulbritest paagutamise ja kuumpressimise teel
valmistatud a-sialoonkeraamika

lImars Zalite, Natalja Zhilinska, Aija Krumina ja Gottfried Kladler

On uurituda-sialoonkeraamika valmistamist nanopulbritest tavalise paaguta-
mise (1200-1656C) ja kuumpressimisega (1800 ja 1900). Sialoonist katse-
kehad on valmistatud plasmakeemilise siinteesi teel saaghidABN-Al ;05 ja
SizN4-AIN-Al ,03-Y ,0; nanopulbritest. Nendest valmistatud katsekehade tihedus
95-98% saavutatakse juba 1550-180(Juures. Samas on toostuslikest pulbri-
test 1600-1656C juures paagutatud katsekebaihedus ainult 60-85%. Suurim
nanopulbritest valmistatud keraamika kdvaduld/f = 21-23 GPa — sdltuvalt
koostisest) saadakse paagutamisel 1600-i®50ures. See on vorreldav kuum-
pressimisega temperatuuril 1800-19C0nanopulbritest valmistatud materjalide
omadustega (191 juures on kdvadudV; = 20-21 GPa (sdltuvalt koostisest),
paindetugevus 520-670 MPa ja purunemissitkus 4—7 Mfa.m
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